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PREFACE

0 ATTAIN a completely current status for a book dealing with
T technical procedures in a field of rapid growth is difficult. The last
few years have seen the remarkable extension of tissue culture methods
m lsolauon and identification of viruses of human disease. Consequently,

for litis have become beaut:ful Jaboratory
technics instead of limuted, burdensome undertakings in experimental
animals. The large groups of adenoviruses and echo viruses have been
disclosed by these means Measles, chicken pov, herpes zoster—viruses
which for years were on the threshold of demonstration have been
identified ic interrelati s between viruses
have been established during this period so that the view is increasingly
one of families of viruses and rickettsiae rather than of multiple un-
related entities Established serologic techmics have been mmproved,
vefined, and adapted to more precise measurements

The eight-year period since the publication of the first edition of
Diagnostic Procedures for Virus and Rsckettsial Diseases has been
one of extensive development 1n the facilities and personnel engaged m
application of diagnostic methods to clinical and epidemiologic investiga-
tions of virus and nickettsial diseases The present edition was origmally
considered nearly five years ago, but varied factors resulted n its post-
ponement Then the schedule was set for pubhcation 1n 1954 In the
meantime both the editors and a number of the origmal authors became
commtted to new duties which delayed or prevented their participation
The delays have, however, pernutted the mclusion of new matenal in
the book

This second edition leta.ms as 1ts objective the presentation of

technzeal diagnostic procedures It 1s again primarnily the work of authors
who are authorities on the respective subjects but who are in addition
leading imvestigators and active designers of the diagnostic procedures
Despite their extended activties, they have borne with patience the
delays and have co-operated remarkably in making extensive revisions
to meet the changing situation Little effort has been made by the
editors to 1mpose conformity of wording or to suggest umformity of
technic The boak 13 not one of research methods, and in most instances
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vi PREFACE
the d hasized are those id
ahle wn diagnosis of the disease entity.

In addition to the chapters that comprise the first edition, there are
four new ones. The introductory chapter by Edwin H Lennette pre-
sents the General Principles Underlying Laboratory Diagnosis. Another
general section 1s Tissue Cultute Methods for the Cultivation of Polio.
myelitis and Other Viruses prepared by Joseph L Melnick. Maurice R,
Hilleman has conmbuted um chapter on Miscellanecus Virus Diseases,

i that the di T 3 for many of these !wenly dxs-
eases may be moving mnto positions of greater p as §
develops Coxsackse Viruses was wnitten by Galbert Dalldorf and Grace
M Sickles, The adenoviruses aze primarily considered in the chapter on
Atypical Preumonss. There s & brief introduction to the echo viruses
Same new names appear in this edition as authars ot co-authors. Katl
Habel callaborated with Joht Enders in the chapter on Mumps, Dr. Hille-
man joited with A E Feller on Atypical Preumonia, The chapter on
Influenza was revised by Keyth Jensen, and C. H Kempe rewrote the one
on Vanola and Vacania Joseph E Smadel has redone the entire section
on Rickettsia} Tiseases and has contributed the large diagnostic charts.
Tn addition, he has served as associate editor of the volume Al of them
and the contimuing authors of the first edition constitute the Commttee
on Diagnostic Procedures for Virus and Rickettsial Diseases, which
presents this revised and enlarged edition

Mrs Genevieve S Reslly has cheerfully and efiectively carried the
brunt af the work as editorial assistant Miss Helen H. Wild has again

thoroughly verified the references The Ann Atbor Press, Mr. Beatty,
manager, has been most helpful and efficient concermng format and
typographic details

3 most useful and practic-

‘Tuomas Frawcrs, Jr, MD, C]ca:'rmlm
C i on I
for Vitus and Rickettsial steases,
American Public Health Association
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2 Reed-Muench method
b, Kirber method
2. Determination of antibady end point in sy stems using constant doses
of virus and varying dilutrons of serum
a Reed-Muench method
b Kirber method
VII Reresexces

I. INTRODUCTION

A. GeNERAL CONSIDERATIONS

IN THE ensuing chapters there is presented specific and detailed in-
formation concerning the methods and technics utilized in arriving
at a laboratory diagnosis of a given disease or group of diseases. The
reader, through careful perusal of this baok or through: actual experi-
ence, will recognize that certain technics are simple and inexpensive,
whereas others are cumbersome or intricate or costly. The inclusion of
methods falling into the latter categomes is necessitated by the dual
purpose of this book, namely, to provide a working guide for those more
or less unfamiliar with virology and rickettsiology but who wish to
undertake diagnostic work, as well as to provide a source of quickly
accessible detailed information for those already conversant with these
fields. This chapter, however, has been prepared primanly for those
unfamiliar with virology, in an attempt to outline the general considera-
tions bearing directly on applied diagnosis, and to tie together, in sum-
mary form in one place, the various methods and technics described or
referred to in sundry later chapters

The main function of the virus diagnostic laboratory 1s to provide
the means for achieving a diagnosis, and it is obvious that those methods
which are simple, rapid, and inexpensive and which permt the expedi-
tious examination of large numbers of specimens are the most suitable.
Tdeally, however, the diagnostic laboratory should be in a position to
assist in the i igation of infectious diseases, d upon the
extent of its participation in such inquiries, the scope of its metbodology
will be correspondingly broadened and will perforce have to include
some of the less simple technics. Despite this research aspect, however,
the problems and the ing philosophy of a di ic laboratory
differ from those of a laboratory whose primary function is research *

The bacteriologist or serologist undertaking viral diaguostic work will
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find that the modus operands duffers from that to which he is accustomed,
even though the same basic technics with which he 15 famulfar are uti-
lized Thus, 1n viral serologic work a diagnesis is seldom made on the
basis of a single specimen of blood, usually, multiple specimens of blood
from the same patient are tested ssmultaneously, which means that the
early serum specimens must be stored untif all the specimens are available
for examination. Also, since the sera must be stored for some days or
weeks, all specimens are handled with stertle precautions In addition,
the serologic tests employ comparatively small volumes of reagents, in-
cluding serum, as a battery of tests rather than a single test must fre-
quently be done, 1t i§ important to conserve the small amount of material
generally received by using the minimal amounts compatible with
accuracy

Stnce specific details of the various technics and procedures are given
elsewhere 1o this book, 1t 15 mot the intention here to describe each
method It is intended, rather, to present a general consideration of some
of these methods with respect to their use, the proper collection and
handling of matenal which 1s to undergo examination, and the equip-
ment required for processing and handling these materials in the labora-
tory and for their examination

I BASIC APPROACHES TO THE DIAGNOSIS OF INFECTIONS
CAUSED BY VIRUSES AND RICKETTSIAE

In attempting a diagnosis by laboratory methods, there are essentially
three lines of approach

1 Evarmnation of the infected tissues for pathologic alterations,

2. Isolation and 1dentification of the inciting agent, and

3. Demonstration of the appearance, or of 2 rise in titer, of spectfic

antibodses during the course of the illness

It is not always possible, nor necessary, to follow all three hines of attack
in each case, the deciston as to which approach should be followed is
determuned largely by the nature of the infection encountered, the stage
of the 1llness in which the patient 1s first seen, and the amount of infor-
mation that the method will yield in relation to the amount of time and
effort involved.

Microscopic methods are generally simple, but they have a limited

ful There are few clinical in which this
procedure can be used, for example, vaccinia and variola, but it is always
well to confirm the findings by some other procedure such as serology or
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TABLE 1
Lanoratory EQUIMENT REQUIRED For VIaL DIAGNOgrre WoRk
1 In witre serology
Centnifuges, horizontal head
Drawers, with built-in racks, for serum storage, or test-:
purpose
Filters, Seitz, 2 ml size and up
Glassware—tubes, flasks, pipettes, etc
Pipetting machines
Plastic plates for hemagglutmation tests or complement fixag,
Racks, serologic
Refngerator(s), 4° to 6° C, for sera, reagents, etc
Water bath, large, 37° C.
Water bath, meduum stze, variable temperature control, f0¢ agylutmation tests
Water bath, small, tempetature adjustable 56° to 65° C, fot jnactivation
2. Preparation of serologic antigens and for 1 vivo (neutralizatiapy gegfs
Ttemsn 1, above, plus
Anmmal boards
Animal cages
Bacteniologic incubator
Balances, tap, for weighing tissues.
Deep-freeze box, electrical
Dental dnl, for egg moculation
{Dry-ice chest
« Egg candler
+Egg ncubator, 35° C (for ncubation of moculated eges)
» Egg incubator, 37° C (for mcubation of stock eggs)
Glassware, assorted
Hoods, table-top, or safety cabinets
Hypodermic needles, sssorted sizes
Microscope
Mortars and pestles
Surgical instruments {for use with anumals and eggs)
Syringes, assorted sizes
Trocars, for egg moculation
#AVarmg blendars
3 Isolation of viral and rickettsial agents
Tternsin 1 2nd 2, above, plus
Animal cages, for various species of test apimals
Animal solation rooms
Analytical balance
YLyophile apparatus
Microtome, for hustologic se
Safety cabinets
Spinco refngerated, vacuum chamber, bigh speed centnfyge, wath size No
30and No 40 rotors
Ultraviolet lamp umt for stenbzation of plastic centrifuge gubes

tube racks for same
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bave an adequate knowledge of what material to take, how to take it,
‘when to take it, and how to submit it for viral and rickettsial examina-
tions, ‘The proper collection, shipment, and processing of specimens is
highly important to the success of any subsequent examination, and the
full co-operation of the physician is necessary. This problem {s an espe-
cially acute one in those laboratones whose services cover a wide geo-
graphic area.

Tn addition to well-chosen material taken at the appropriate time
and shipped o the Jaboratory under proper conditions, a certain amount.
of information regarding both the patient and the specimens 1s required.
Tt should be obwious, as Dudgeon points out, that “the pathologist needs
a good chimeal history to gutde his chorce of tests just as much as the
clinician needs the laboratory findings to guide his diagnosis *? The
submission of a geod thnical istory or a summary is highly desirable;
lacking this, at least certain minimal detals must be furnished before
even a choice of a laboratory test can be made and befare an intelligent
and meaningful interpretation of the results can be made The minimal
amount of information required may be obtained on a form such as that
shown tn Figute 1, which should be iacluded in every specimen-maiing
contatner 1ssued by the laboratory

B. CorizeTion or MATERIAL FOR Mlcmﬁayu: Exasinaron

Tn mabing Hlms or smears, clean shides should bt used The material should be
spread out s thinly as possible aud allowed to dry Stece diagnosis depends upon
the presence of mclusion bodies of patbognotaonic cells, of on actual demonstration
of viral elementary bodies or of ncketisiae, it 15 tmportant that the preparations
tontain tiscue elements. In the case of cutaneous leslons~for exataple, vanols,
vaccinla, or herpes sumplex—scraping of the esions sbould be done wth 3 sealpe),
curette, or simalar snstrument and the ruinute fragments whibzed Sirularly, in the
case of orular lesions, smears should be made from moterial expressed from the
follicles, smears made from cotton pledgets used to smab the conjunctival surfaces
are seldom adequate The shdes should be appropuuately marked, and if they are
1o be shipped to a Jaboratory for examunation, &6 indication should be given as
10 the type of condition from which the yoatexial was obtaned in order that ap-
Propriate stastung raetbods can be chosen, 1t should also be remembered that shides
{rom cases of variola are mfectious, and due warning should be given to the libo-
tatary workers who ace to bandle such shdes

Biopsy of pust-mortern tmaterial for histologic examunation shoutd be placed
18 a xative solution promptly after being taben While specat Sxaties are some-
times more satusfactory for spesfic purposes, Zeoker's solubion containing 10 per
¢ent foxmalin s satlsfactory for general purposes.
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C. CorrecTion axp HanoLing or Broop Serensens
50R SEROLOGIE TESTS

L. Collection. A serologic disgnosis is based upon the appearance ot
the increase 1n titer of humoral antibodies during the course of an ill-
ness. Consequently at least twe, and sometimes mote. specimens of blood
1aken during various stages of the iliness are required. The first specimen
of blood shauld be taken early in the acute phase of the illness or when
a viral infection is suspected, this first specymen cannot be taken too
early. In general the second specimen of blood should be taken fram 10
to 14 days after the first. In some diseases, antibody 1s relatively late in

pp and hence ad I speci are desirable One may be

taken one month after the first and, if necessary, followed by additional
specimens taken at fater intervals as indicated by the clinical findings
and the laboratory results.

It must be emphasized that serum for serologic tests in the viral and nckettsial
diseases must be tahen under aseptic precavtions and handled with asephc tech~
mies from the time 1t 15 taken until 3t 1s finally discarded when ll tests have been
completed {sometimes weeks or perhaps months later) The use of nonsterlle ron-
tainess, ponsterile pipettes, and so forth, that 1s, the usual nonsterile technics em-
ployed by serotogic laboratanes, have no place m viral and riekettsial work, Fram
15 to 20 ml of blood should be taken with a stenle, dry synnge fo avoid hemelysis
No anticoagulants ot preservatsves should be used as these may interfere s the
seralogic tests -~

2 Shthpng and storage 1§ 3 spenimen 1s to be sent to a laboratory at some
distance, ofle or anather eourse may be followed 1f facdities are available, the bood
may be placed in a stetite tube and the serum later semoved and fransferred to a
stenile, rubber-stoppered, or screw-capped vial for shipment As most physicians do
not have the tune or the faciities 1o separate the serum for shipment, whole blood
may be sent to the laboratory, a procedurs which may be encouraged, since 1t e~
duces difficuities caused by contaminated sera Transwittal of blood specimens is
sumplsfied by providing the physician with self-addressed maifing eartons containing
sterile vials (ree Fiz 2) Iatormstion concermng the specimens should be sent with
them 'The mimmal essential mformation 1s shown in Figure 3, ideally, more com-
plete information m the form of an abstract of the chnical and eprdemiclogic
Thustory of the patient should supplement the brief data submitted wth the specimen

Tt 1s generally stated that serum should be removed froma the clot
shortly after the specimen is obtained, promptly frozen on dry 1ce, and
shipped to the laborataty in the frozen state; in the Iaboratory, ﬁ?e
specimens shauld be kept frozen by storage on dry ice or in a mechani-
cally operated refrigerator at 10 to ~20° C. However desitable such
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a procedure may seem, there are a number of objections from the prac-
tical standpoint. First of all, few physicians have the facilities for
properly processing serum, and insistence that every specimen be shipped
on dry ice would place a considerable obstacle in the path of those seck-
ing the assistance of the laboratory From the standpoint of the diag-
nostic laboratery, there are also a number of objections, and these will
be taken up further below. The mam pomnt of emphasis here is that af
the physician 1s to utilize the diagnostic facilities made available to him,
every effort should be made to simphfy the task of collecting and ship-
ping sera.

Whole blood should never be frozen since freezing will result in total
hemolysis of the specimen For the purposes of in vitro serology, there
i$ no unequivocal evidence that shipment and storage of serum in the
frozen state serves any special purpose por 15 there in the published
hterature, so far as the guther 1s aware, any conclusive or unequivocal
evidence that preservation of sera in the frozen state 1s absolutely basic
or mandatory for the proper performance of in vivo {neutralization)
tests i general (There sppear to be certain exceptions, see discussion
of neutralization tests )

“The reasons for storing sera wn the frozen state are based on observations con-
cermung two factors, namely, the presence of heat-lable, nonspecific neutralizing
substances and the preservation of specsfic anhibody From the standpownt of the
diagnestic 1ahoratory, thers 15 no serious objechion to the storage of sera in the
Buid state at 4* C.

3 Handling of blood 1n the laboratory Blood should be aflowed to clot at
room {emperature and, after retraction of the clot begins, the specimen may be
®eld in the reingerator unul tetrachion is maxumal, wWhen the serum should be
temoved, Where the blood speamen is 1o be examned for the preseoce of cold
‘hemagglutining, it should be kept at roor temperatute ar 1 an wcubator at 37° C
for 1 or 2 hours before removal of the strum in order 1o permut elution of the
agglutining from the red cells Usually retraction of the clots has already occurred
i whole blood speaamens that have been shipped to the faboratory, and hrnce
the serum can be removed prompily Much time can be saved 1f the blood con-
tainers supphed by the Iaboratory 6t standard centnfuge cups, othernise, the
TUM must be removed with aseptic precaubions, placed m abotber conlainer, and
<entnfuged to deposit cellular elements Avoidance of bactrrial contammation 15
% problem even when sterile tubes or vials are supphied by the laboratory Con.
tammating microorganisms may render the sera unsatufactory ot useless mnce the
action of the results in y effects, and when such
372 are used for neutralization tests, the contaminants present may ki the test
animals Enrymatic action may alwo destroy antibody Jdeally, therefore, all sera
should be toutinely cultured on receipt, but 3 this is not feasible, bacterialogic
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cultures should be made at least of those sera which have a suspicious appearance,
As most contamnants are saprophytic organmsms, relatively simple culture media
such as glucose broth and sodum thioglycolate miedsum are adequate. Contami-
nated sera should be filtered through a Seitr pad, and small filters of 2 ml and
25 ml eapacity are available for such purposes

As was mentioned above, anticoagulants should not be used in the collection
of blood specimens as they may render the serum anticomplementary. Similarly,
1t is preferable to handle sera wath asepuic technics than to tely upon preservatives
Some preservatives may make the sera anucomplementary and, 1 addition, when
the sera are also used for neutralization tests, the preservative may have a deleten-
ous effect on the virus If it appears desirable to use a preservative for sera which
will be used primardly for in vitro serologic tests, a 1 50,000 concentration of pheayl
wmercune borate might be recommended, in practice, 1 drop of a 1-2,500 solution
of the preservative 1s added per 1 m! of serum Phenyl mercuric borate and mer-
thiclate have been found to have no deletenous effect on the viruses of Western
equine and St Louis when sera i réservati

these were
used 10 neutralization tests 3 Their effect on other viruses may be quite different,
however Rogers;# for example, found that while merthiolate had no effect on the
Eastern and Western equine viruses and the St Louis and Japanese B viruses, it
id produce marked destruction of the viruses of lymphocytic choriomeningitis,
encephalomyocarditis, and Colorado tick fever Preservatives,-therefore, should be
used wath discretion

4. Storing and filing specimens. In the usual bacteriologic and
serologic laboratory, sera are tested as they are received, and hence
there is virtually no problem of storing and filing specimens, In the virus
lat ry, the d. p require ion of seral speci-
mens, Hence provision must be made for the storage of individual
specimens until all are received, and also there must be a filing system
which perrmts nstant location of any and all specimens on 2 given
patient. One simple method is illustrated in Figure 3, which shows
stawnless stee] units consisting of four drawers each and so made that
the units can be stacked and the drawers freely nterchanged. Wire
partitions separate individual tubes, and the fixed spaces permit filing
the tubes in numerical sequence by accession numbers which are as-
signed to specimens 1n order of their receipt 1n the laboratory,

Although diagnostic sera m our laboratory are stored, with few ex-
ceptions, at 4° C., the temperature at which specimens are to be held
remains a decision for each laboratory to make on the basis of its own

- - [P
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specimens of serum from a patient are stored at 4° C., and then tested
simultaneously, the test would show that serial specimens had progres-
sively greater neutralizing capacities, the results would indicate that
a rise in antibody titer had occurred during the illness, although the
rise was spurious, that is, nonspecific, Morgan,® working with the Western
equine encephalomyelitis virus, reported that the neutralizing capacity
of sera stored at 4° C could be restored by the addition of fresh, un-
heated guinea pig serum, the addition of fresh guinea pig serum to sera
which had lost some of their neutralizing capacity through heating at
56° C, could not restore the capacity Whitman,® workmg with the same
virus, was able to restore the neutralizing capacity both of sera which
had been stored and of sera which had been heated The work of Gins-
berg and Horsfall 7 indicates that this neutralizing factor is a nonspecific
substanee present 1n many sera and that it can be destroyed by heating
at $6° C for 20 to 30 mnutes, a procedure which avoids complications
anising from the presence of this factor It would therefore appear tha!
one has his choice of avoiding with
neutralization by preserving this factor through storage of all sera in
the frozen state or, 1f sera are stored in the flwd state at 4° C, by heat-
g al! specimens before testing Certamn aspects of the probiem are
further considered under the section dealing with neutralization tests,
2 brief summary of literature on heat-labile neutralizing factors is given
by McCarthy and Germer *

The effect of long storage at 4° C, or n the frozen state, on the
anhbody titer 15 essentially unknown, although there is some reason to
believe that antibody titers, on the whole, are better maintained at sub-
freezing temperatures than those just above freezing The information
available 1s derived from occasional rather smali-scale, short-term stud-
1es, and 1t 1s desirable to obtan more definitive information through
more extensive, well-designed, long-term studies which will permit a
statistical evaluation of the findings

For storage at subfreezing temperatures, both glass and plastic contamners have
been used In the cace of glass contamners a tight screw cap or other type of
tlosure is satisfactory at temperatures of -10 to -20° C, but if dry e 15 used
as the refngerant, flame.sealed ampules must be used to protect the contents agamst
the deleterious effects of carbon dionide In esther case, there 13 the problem of
breakage, and to avoid this, plastic tubes have been used The objection to this
Lype of container 15 not only that carbon dioxide penctrates the contents regardless
of the type of closure used, but also the mouth of the tube cannot be famed, and
the risk of contamination Is undesirably wncreased In either case, whether glass or
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cultures should be made at least of those sera which bave a suspicious appearance
As most are i relatively simple culture media
such as glucose broth and sodwm thioglycolate medm are adequate Contami-
nated sera should be filtered through a Seitz pad, and small filters of 2 ml and
25 ml capacity are available for such purposes

As was mentioned above, anticoagulants should not be used 1n the collection
of blood specimens as they may render the serum anticomplementary, Smlarly,
1t is preferable to handle sera with aseptic techmcs than to rely upon preservatives.
Some preservatives may make the sera anticomplementary and, in addition, when
the sera are also used for neutralization tests, the preservative may have a deleter~
ous effect on the wirus I 1t appears desirable to use a preservative for sera which
will be used primanly for 1 vitro serologic tests, a 1 50,000 concentration of pheny!
mercuric borate might be recommended, 1n practice, 1 drop of a 1+2,500 solution
of the preservative 15 added per 1 m} of serum Phenyl mercunic borate and mer-
thiolate have been found to have no deletenious effect on the viruses of Western
equne and $t Louis when sera these pre were
used in neutralization tests 8 Their effect on other varuses may be quite dufferent,
however Rogers,® for example, found that while merthiolate had no effect on the
Eastern and Western equine viruses and the St Louss and Japanese B viruses, it
did produce marked destruction of the viruses of lymphocytic choriomenmgits,
encepbalomyocarditis, and Colorado tick fever Preservatives,-therefore, should be
used wath discretion

4. Storing and filmg specimens, In the usual bacteriologic and
serologic laboratory, sera are tested as they are received, and hence
there is virtually no problem of storing and filing specimens. In the virus
laboratory, the d. P d require ination of serial speci-
mens. Hence provision must be made for the storage of individual
specimens until all are received, and also there must be a filing system
which permits instant location of any and all specimens on a given
patient One simple method 1s illustrated in Figure 3, which shows
stainless steel units consisting of four drawers each and so made that
the units can be stacked and the drawers freely interchanged. Wire
partitions separate individual tubes, and the fixed spaces permit filing
the tubes 1 numerical sequence by accession numbers which are as-
signed to specimens i order of their receipt mn the Iaboratory.

Although diagnostic sera in our laboratory are stored, with few ex-
ceptions, at 4° C, the temperature at which specimens are to be held
remains a decision for each laboratory to make on the basis of its own
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{ur tissue cultures) it showld be taken with sterile precautions so 2t to
avold contamination of such material as cerebrospinal fluid or biopsy
tissue, which is untially sterile, or to add further contamination to ma-
terial shready contmning battetia; for example, throat washings or kesion
strapings, Post-mortem material s usually taken by nonstenle technics,
but sbould nevertheless be handied in the Jaboratory with sterie techncs
10 avord further contamination Stools, or rectal swabs, are, of course,
heanly contaminated, but should also be handled with sterile precau-
tions for the sake of maintainieg good techme, avaiding cross-contamina-
tion of specimens and protecting labosatory personnel Fiuid materials
such as throat washings ot cerebrospinal fluid and sold materials such
as stoals or tissues should be placed in sterile contamers, labeled, and
placed under vefsigeration tnmediately To prevent desiccation, swabs
should be placed 1 2 fube contaimng 05 ml or sa of nutrient broth
o nther smtable dituent Vesicle fusd is coflected n small capillary
4ubes whose ends may be closed with beeswax or a similar substance
Like otber materals for virus tsolation work, these speamens should
be mmedrately refngerated and shonld be kept cold during shipment
and until fnally woculated nto the appropriate animals

3 Skepment 1f shipment to a Iaboratory at some distance is re-
quired, dey-ice refrigeration should be employed Although thetmos fars
are often used as shipping contaners, thesr wuse is not recommended
because of the ease with which they are broken i transt Contamers
made of fiberboard or plastic, which are hghtweight, well tnsufated,
durable, and resrstant to breakage, are avadable commercially * Whether
such contaters, or ordwary cardboard cartons, are used far shupment,
the follewing procedute 13 recommended The tube or jar holding the
specimen should be placed w3 contawmer, prefecably a metsl one, with
sufficient crumpled paper of cotton to act as a shock absorber and to
take up any Bud should breakage occur danng teanspost This metad
contanes {or heawy cardboard contawer sf used) should then be placed
in a shipping container suth as that yust mentoned abose or 1 a farger
<cardboard carton nto which tan be placed sufficient dry 10 to keep the
specymen frozen for the pertod requred to veach its desunation Wik
the dry sce there 1s inctuded suffient shredded paper, excelsior, wood
shavings, or vermiculite {0 take up the space releasert by evaporation
ol the dry ice and to act as a protectnne shock absorber 1o the smalfer

type, made of styratosm, for example 1 manufsctwed by the Nallioger Corpo
nuan usl Scuth Four Mile Run Drove, Arhngton 8 Aleglnts
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plastic contamers are used, the material should be distributed into several atiquots
This protects agamnst complete foss of the specimen, should a glass container break,
and also against the deletenous effects believed to occur wath repeated freczing and
thawing of & specimen,

D Correction anp HANDLING OF SPECIMENS
ror Virus IsoraTion

The usual types of material collected for virus isolation are blood,
throat washings, cerebrospinal fluid, stools, effusion fluid, vesicle flnids,
lesion scrapings, biopsy tissues, and post-mortem tissues. The type of
material to be collected depends upon the nature of the iliness, as is

indicated in Table 2 Thus, in upper resp y diseases, throat
are takcn sputum ot effusion fluid, as the case might be, in instances
of p , pinal Ruid in central nervous system

dxstuxbances blood in nickettsial diseases, and so on. This applies pri-
marily to those cases in which the clinical picture and epidemiologic
tistory give some clue to the possible etiologic agent, or agent group,
involved In those obscure i which rep a riddle,
a decision as to the type of material o collect is not always simple to
reach 1In essence, the patient represents a research prablem, and the
preseace of the agent must be sought for in a vatiety of materials. Ob-
viously, even a large laboratory cannot handle many such problems
because o( the cost in terms of money and personnel. Nevertheless these
p clinical probl whase ion may contribute
to our knowledge of viral dxseases
1 Tune of collection Proper collection and handhing of the specimen
is highly irportant to the successful recovery of any agent which might
be present In general, the material should be collected as early as
possible in the acute stage since the agents tend to disappear relatively
rapidly after the onset of liness Thus, influenza virus may be recover-
able from throat washings taken during the first 2 to 3 days of the iliness,
but the chances of successful recovery are greatly lessened thereafter
Simlarly, in the rickettsial diseases a rickettsemia occurs for only a
few days after the onset of symptoms The poliomyebts and Cossackie
viruses, on the other hand, may persist in the stools for many days, but
again it is preferable to obtam specimens for isolation purposes early
in the acute phase of the illness, if attempts are made fater m the illness,
a series of specimens should be examined.
2 Collection. Since the material is to be inoculated into animals
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unit holding the i itself. In accord with postal 1
every precaution must be taken 1o afford protection to those handling
the material 1n transit,

If dry ice 15 not available, recourse tnay be had to glycerin. In such
case, the glycerol should be of a good brand, of high quality, neutsal, and
used as a 50 per cent solution in buffered sahnc (pH 7.4)

4 Storage. In the lab y the are bly stored on-
dry ice, Wiile a storage temperature of —20° C, to —25° C. is adequate
for the preservation of many viruses, the infectivity of others diminishes

ppreciably at these within a matter of a few mopths?1?
On dry 1ce the infective material can be preserved for months and even
years if necessary It is well to keep the specimens in flame-sealed ampules
until all the tests have been completed in order to avoid the deleterious
effects of CO, on the viability of the agents, Figure 4 illustrates a cabinet
of the type devised by Horsfall 312 for storage of materials on dry ice.
The drawers are designed to hold emall, soft-glass, shell-type ampules
and also to provide for the storage of material in larger containers, such
as led test tubes and wide thed jars of various sizes. Figure
5 illustrates a method for the storage of specimens in compartmented
drawers built to fit nto an electrically operated, uptight, deep-freeze
unit, Each drawer slides out on fixed gwde rails, and the size of the
compartments in each can be altered as desired by means of removable
dividers beld in slots.

V. SOME GENERAL CONSIDERATIONS OF THE
SEVERAL DIAGNOSTIC APPROACHES

A. Microscorrc Mernaps

Under this designation 15 included the examination of fixed and
stained tissues for the presence of patholagic o pathogoomonic changes,
as well as the i of imprint p or smeats from tissues,

fluids, exudates, and so on, for the presence of inclusion hodies, abnormal
cells, and even the agent 1tself.

A list of conditions in which diect examination of tissues ar other

materjals is helpful in dlagnosxs is gn en. in Table 3 Full descriptions
4oetete man loan g the

' . secil-
com-

prehensive array of useful staining procedures may be found in tne Jarge
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occurs in the vaccinated person 1s not always readily accomplished on
clinical grounds alone. Establi of a definitive di: is 15 ex-
tremely important to the public bealth officer since 1t determines whether
an elaborate mechanism for prevention and control is to be set in motion,
and the aid of the laboratory is frequently enlisted. Stained smears re-
vealing charactenstic mclusions prepared from papules and from vesicle
fluid are valuable i arnving at an eatly presumptive diagnosis, findings
with material contamning pus are difficult to evaluate because of the
obscuring debris Correct interpretation requires expenence and must
alnays be evaluated i the hght of clmcal and epidemiologic data
Confirmation must be sought by other means, ether isolation of the
agent m embryonated eggs ot use of the vesicular fluid as an antigen in
the complement fixation test Other larger viruses and the nckettsrae
may often be by direct At times el y
bodies may be seen in the pus from the buboes of lymphogranuloma
venereum Other agents of the psil h
group, as well as rickettsiae, are not often present in large enough
numbers in human tissues to be detected, the orgamsms may, however,
frequently be seen in the tissues of naturally nfected animals, and
usually, in the tissues of tnoculated ammals, Elementary bodies may be
present m smears prepared from the enlarged spleen or the air sac of
birds suspected of ormthosis Stmularly, the rickettsia of Q fever may
be seen in the cotyledons of the placenta of an infected sheep.

Smears of epithelial scrapings or follicular expressions from cases
of trachoma ot nclusion blennorrhea generally contain the pathogno-
monic mclusion bodies which are readily seen under the microscope

B Isoratron or VIRUSES

As will be described later, there'are condittons under which 1solation
of the vitus 1s a desirable procedure or the procedure of choice. However,
for routine diagnostic purposes, virus recovery is so laborious, time-
consuming, and costly a procedure that it is avoided wherever diagnos:s
can be made by serologic means

Of the conditions under which isolation of the agent 15 desirable, one has
already been mentioned, namely, the need for confirmation of interpretations based
on microscaple methods Also, attempts at recovery of an agent are virtually
mandatory in attempting to establish the etiology in obscure or vague conditions
of presumed viral causation In addition, varus wsolation attempts are frequently
deslrable in attempling to resolve the problems confronting a health officer in the
presence of an outbreak of disease of unknown etiology The latter two sitwations
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text of van Rooyen and Rhodes ¥ and also in the excellent smalfer work
by these same authors. M

Hostopatbologic metbods have, on the whole, a Jimited application
since their value 1n establishing an etologic diagnosis is timited to a
few diseases I the itides, for example, h logic methads
are of no value in establshing an etiologic diagnosis, although they may
serve to differentiate an nfectious process from a nominfectious one,
or a necrotizing process from the demyehnating types seen in the post-
vaccinal type of encephalitis Other examples might be cited, but it is
for such reasons that the pathologist, in addition to securing material
for gross and microscopic examipation, should also set asde tissues
which mught later be used for virus isolation attempts if the results of
the microscopy point to the desiability of such a procedure. Of those
instances m which histopathologic methods serve to identify the causal
agent, perhaps the most obvious examples are the examination of braia
tissue for the presence of Negri bodies and the examination of liver tissue
obtained at post-mortem or by viscerotomy for the presence of
changes produced by the yellow fever virus In the virus iaboratory,
histologic methods probably find the greatest usefulness when applied
to the examination of tissues from animals used tn virus isolation work;
for example the Covsackie group of viruses In this ms(ancc, examina-
tion of brain, muscle, and p permits rough ¢k of the
agent as to group, for more precise classification, the agent must be
typed by serologic methods.

Mi i ination of imprint jon or smears is far less
time-consuming and fabotious than is the preparation of tissue sectmns
and hence finds a hat wider application than do hi b
methods As in bistopathologic methods, the concluswons reached by
direct ion should be supported or d by another method,
usuaily 1solation of the virus The need for confirmation holds even
though the findings are evaluated, as they always should be, on the
bass of the patient’s chinical course and his epidemiologre background
For example, in the case of rabies, errors in interpretation can occur even

- in expenienced hands and, in addition, occasional pteparations may ap-
parently contain no Negri bodes although the virus is present in the
tissue consequently, it 15 well to confiem all {nterpretations, whether
pasitive or negative, through routine inoculation of the specimens into
animals for virus isolation

Diticrentiation of variola from varicella or its recognition when it
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occurs in the vaccinated person is not always readdy accomplvshed on
clinical grounds alone. E: i of a definiti is is ex-
tremely important to the public health officer since it determines whether
an elaborate mechanism for prevention and control is to be set in motjon,
and the aid of the laboratory 1s frequently enlisted Stained smears re-
vealing charactenstic mclusions prepared from papules and from vesicle
fluid are valuable i arrving at an early presumptive diagnosts, findings
with matenal containing pus are difficult to evaluate because of the
obscuring debris Correct interpretation requires experience and must
always be evaluated in the light of clinical and epidemologic data,
Confirmation must be sought by other means, either isolation of the
agent m embryonated eggs or use of the vesicular fluid as an antigen in
the complement fixation test Other larger viruses and the nickettsiae
may often be d by direct At times el Yy
bodies may be seen 1n the pus from the buboes of Iymphugranu]oma
venereum. Other agents of the psitt T
group, as well as nckettsiae, are not often present in large enough
numbers in human tissues to be detected, the orgamsms may, however,
frequently be seen mn the tissues of naturally infected ammals, and
usually, in the tissues of inoculated animals Elementary bodies may be
Ppresent 1n smears prepared from the enlarged spleen or the air sac¢ of
birds suspected of ornithosis Simularly, the rickettsia of Q fever may
be seen in the cotyledons of the placenta of an infected sheep

Smears of epithelial scrapings or follicular expressions from cases
of trachoma or inclusien blennorrhea generally contain the pathogno-
monic inclusion bodies which are readily seen under the microscope

B. IsoraTion oF VIRUSES

As will be described later, there'are conditions under which solation
of the virus 1s a desirable procedure or the procedure of choice However,
for routine diagnostic purposes, virus recovery is so laborous, time-
consuming, and costly a procedure that it is avoided wherever dragnosis
can be made by serologic means.

Of the conditions under which isolation of the agent 13 desirable, one has
already been mentioned, namely, the need for confirmation of interpretations based
on microscopic methods Also, attempts at recosery of an agent are virtually
tandatory mn attempting to etablish the etiology in obscure or vague conditions
of presumed viral causation To addition, virus fsolation attempts are frequently
desirable In attempting to vesole the problems tonfronting 3 bealth officer in the
presence of an outbreak of disease of unknown etiology The latter two sitoations
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sepresent, in essence, reseatch problems, and while the main function of a virus
dugnostic Iaboratory 1s to provide faalities for routine deagnosis, the Jaboratory
should alse try to participate, insofar as sts facslities parmut, 1 the mvestigation
of disease
In addition to the 2bove situations, there ave others in which fsolation of the
wirs 15 essentral 1n establishung & dagnosis or m differentiating chuscaBy sumdar
conditions The viruses of vanola and vacaniy, for exsmple, caunot be readdy dis-
tinguished by serologic methods, and differentsd diagnosis between vanola and
generalied vaconm vequires ssolation and identifitabion of the tavsal agent. Sisi-
lasly, i herpetic eruptions, thiferentiation betw een herpes simplex and herpes zoster
may, especially in indisiduals who bhave had recurrent aftachs of herpes simples,
require recosery of the herpes simplex virus
In attempts to isolate a virus, tecovery of 3 agent represents a sigruficant find-
mg but negative reswlts do not necessarilv exclude an agent suspected to be etio-
lagically responsible for the fllness 1n queshon Conversely, the mere recovery of
an agent does nat necessarily establish that it 13 responsible for the patient’s current
illness, the sgmficance of a positive finciog wmust be evaluated in ferms of the
patient’s chnical picture and shat 15 known of the natural hustory of the recovered
agent Some agents may persst i the body for weebs, months, 0 esen years after
they have produced mfectson, exther frank of inapparent Thus, recovery of herpes
siraples virus fram the mouth or throat of an individual with an ebscure or mde-
Bnable Wloess does mot Prove that this varus 35 the cousal agent Sueilanly, mere
recovery of poliomyehitss Virus from the stools of an indradual with a vague siness
daes not establish & duagnosis of paliomgehtss, the diness may be totally unrelated,
20d the mdwidual s expenencng an mapparent wlection with the sirus The ssme
may be trae af the Coxsachte viruses
Simlar need for evaluation easts, for exaraple, 1n those areas where two diseases
are present endemically and oceur at the same time In Cabforma, by way of illus-
tration, Western equine b and St Lows hins occur duning
the same time of the year that pohosy elitis 15 Mughly prevalent Jt 15 thus possible
for an mdindual to have a chmcal mfection wath one of these varuses and a sub-
clinical or inapparent snfection with anotber IS only serologic tests were gone for
the arthropod-botne encephalitides, a tisng titex of antibody to the Western equine
virus mught be found and the infection considered to be due to this agent Recovery
of a poliomyeltis virus from the stool would contribute Ltdle to tesolution of the
diagnasis, and an evaluation of this findwg would be required o terms of @ hether a
tise 1n speafic antibody te the type of pohomy ehitis virus isolated had occuzred, the
nature of the symptoms, ete
A sumilar situstion obtains nsofar as the polomyeliths ard Covsackie graup
of viruses 15 concerned ‘The Coxsachue viruses are uhiquitous, sad ther role i the
causation of human fllness, except for herpangwa and epidemic plenrodynia
{Coxssckie Group A and B virases, respectively), 1 not fully known “There are in-
stances of chmeally typical poliomyzhtss :n whnch only a Coxsackie virus has heen
recovered and 3 mise in sntbody fiter to this virus demonstrated 1 the patient
With the development of sipler 10 vivo and o vitro techaxs for iolation of
poliomy ehitis virus and for assay of pollomyelitis antsbody, snd their appheation to
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such cases, there will be greater opportumity to determene whether the pohorayelitis
viruses or the Coxsackie viruses are the incating agents in such nstances There 13 no
good evidence at the present time 10 inciminate the Cowsackie viruses generally as
ncitants of CNS disease, and thus sllustration 15 provided as an example that even
the recovery of an agent and the demonstration of a rise in antibody titer to it
are nat necessarily adequate to establsh 1ts causal relationship to a chmcal case
The laboratory findings must be compatible with the clmcal and epidemiologic
features which experience over many years has shown to be associated with a given
agent

If what is apparently a new type of virus is isolated, the findings
st be accepted with reservations until it 15 proved that the agent was
actually isolated from the patient and does not represent a latent or wild
virus of the test ammal host, laboratory animals are not infrequently
imnfected with viruses common to their species, and these latent agents
may be activated by mere passage of the virus-containing tissues of the
test animals This 1s a possible pitfall which should always be kept 1n
mind

If, on the other hand, attempts at virus isolation are negative, it is
possible that one or another of the criteria for successful recovery of
2n agent has not been met These critena are
Collection of the climeal or post-mertem matenal most likely to
contain the virus (see Table 2)

2. Collection of the appropriate matenal at the proper stage of the
1llness (see Table 4)
3 Proper handhng of the matenal immediately after collection

and during shipment to the laboratory (see section on collec-
tion and handling of matenals, above)

4 Selection of appropriate, that is, susceptible, laboratory test hosts

1 Collection of matertal As to the first requisite for successful isolation of an
agent, namely, collection of the material most Likely to harbor the agent, Table 2
ists the sources found mast frequently to contain the causal agent of some of the
more commonly encountered viral and rickettsia] diseases The type of material
to be collected is determined by the nature of the diness, chmcal suspicion as to
the nature of the agent 1mvolued, and at lcast some knowledge of the pathogeness
of specafic viral and nckettsial diseases In addition to selecting the approprate
miterul for examination, 1t 15 also necessary that it be taken at the optmal time
dunng the early acute phase of the illness, the sooner after onset, the better, since
the opportumities for successful wsolation dimunush rapidly with tme, when the
rallying defense mechanisms and antibody formation begin to exert an Increasingly
Reeater influence on the course of the disease This relationship 15 iMustrated in
Table 4, which has been modified after Horsfall 15
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2 Selection of laboratory host Assuming that the proper material has been
taken at the proper time, one must then handle 1t as outlined previously to ensure
the viability of any agent present In the laboratory, moculation of the matenal
mto a suscepible host constitutes an 1mportant requirement

TABLE 4
Rrzamio¥ or STAGE OF ILLNESS 70 PREssnCE OF VIRUS ¢ TesT MATERIAL ASD
TO APREARANCE OF ANTIEODY

Virus Demonstrable
in

Appropnate Specific Antibody

Stage of 1ltness Test Matenal Present 1n Serum
Incubation penod Rarely
Prodromal period Rarely
Onset Frequently
Acute pbase Frequently Frequently or generally*
Recavery phase Rarely Generally
Convalescence l Very rately Usually

Adapted from Horsfall 15

*In certain widespread, endemic diseases, antibody representing prior expenence
with the agent 15 geoerally encountered in acutephase blood (¢ g, influenza, betpes sim-
plex) In other instances (eg, Western equine encephalitis, poliomyelitis) antilody 1s
frequently present n acute-phase serum, antibody formation spparently is well under
way by the time the acute-phace specimen is taken

The question of suitable laboratory hosts, of the methods and technics
for viral isolation, requires discussion from the standpoint of whether
the laboratory doing the diagnostic work is concerned pnmanly wxlh

diagnosis in the everyday to chinical medicine or p:
wnh “diagnosis” as apphed to research problems or epidemiologic in~
i In the routine gi b 'y, the use of a laboratory

host is governed by its availability and its cost, the latter item mncluding
the amount of personnel time nvolved in carrying out the procedure
In view of the fact that routine diagnostic laberatories have a very
limited budget, usually a very small staff, and also must be in a position
to undertake examinations for a large variety of diseases, unusual or
costly host systems as well as cumbersome, time-consuming, intricate,
or capricious methodologies are not feasible.

Thus, while monkeys, until the recent advent of tissue culture
methods, were wirtually the only susceptible laboratory host used for
the isolation and identification of poliomyelitis viruses in investigative
work, the cost precluded their use in applied diagnosis Similarly, the
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ferret, once widely used for the isolation of influenza viruses and some
years ngu rcplaced by the embryonalcd egg, would have found a relatively

ion in the d; Taboratory because of its cost as
well as of the need for stnct isolation of each inoculated animal

Guinea pigs, rabbuts, hamsters, and occasionally other species bave
a vole in specific examinations but are not so widely used as the mouse
and the chick embryo, which are susceptible to a wide variety of agents,

Susceptibility to an agent depends not only upon the species but
alsa upon the age of the test ammal.* It is now well established that
immature mice may be highly susceptible to infection with an agent to
which the adult mouse may be completely resistant, and 1t will be
remembered that the use of new-born mice has served to uncover the
Cowsackle group of viruses, a whole new group of agents pathogenic
with few exceptions only for very immature ammals. Yet, it is possible
that an agent may grow better in the mature than in the young animal
as, for example, is true of the Lansing stran of poliomyelitis virus,
although this strain admittedly has had a long period of adaptation to
the adult mouse. Because of such considerations, 1t is advisable to em-
ploy both new-born and adult mice for virus isolation purposes, This
also takes into account the fact that newly isolated viruses do not always
behate accarding to the description af pathogenic propemes given in

books,}? which are iy based on exp 1\ wark employd
bighly adapted laboratory strains.?

The value of the developing chuck embryo in virology has recently
been reviewed in an excellent article by Cox.!® As is indicated in Table 2,
the embryonated egg and the mouse comprise the two most useiul Jabo-
ratory test animals While various routes of inoculation are used for
special purposes, the amniotic and the yolk sac routes probably are
those most commonly employed for isolation work. There is a varisty
of techmics for mnoculation, harvesting, and passaging, but those sho
engage in large-scale diagnostic work will find that the simplest pro-
cedures are the most useful The window technic for exposure of the
chorioallantoic membrane or similar exposure of the allantoic or amni-
olic cavities requires time Consequently, our standard operating pro-
cedute conusts of direct inoculation of the chosen site without any
preliminary exposure Direct exposure is done only oceasionally and
then for special purposes, as plague counts. Similarly, time is not taken
1o harvest and process the whole embryo, or part of an embryo, when
the fluids alone will suffice
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Like other laboratory animals, the chick embryo may contain endoge-
nous agents of its own According to Cottral,?® there js evidence that
certain viral and bacterial agents affecting poultry are transmitted
through the egg In addition to these poultry pathogens, bacteria of
many other types have been 1solated from eggs While 1t §s theoretically
possible that endogenous viruses might be carned along in serial passage,
either alone or in combimnation with a human or animal wirus one is
trying to isolate, there ts na good evidence that such occurs; in all
probability these pathogens kill the embryos very early. As to the bac-
terial agents, most of these are detected by routine bactenologic cultures
made on passage material, and they are important chiefly as the cause
of embryo mortalty.

3. Euwidence of infectzon I the material under examination contains
a viral or rickettsial agent, evidence of wfection in the test animal is
recognrized in one of several ways, depending upon the test species and
the pathogenic properties of the agent (see Table 5),

Whese overt signs are produced as, for example, 1n the mouse inoculated with
a neurotropic agent, it is sometimes possibie to tdentify the virus presumptively on
that basis {ruffled fur, bunched back, tremors, atasia, pastic or faceid paralysis,
convulsions, ete ) and knowledge of the patient’s chnscal and epidermologic hustory
Since the symptomatology is not disinctive far each type of agent, it serves more
commonly only to give an imndscation as to the group of agents with wiuch one
1s dealing Sowetimes the wfectrvity of the test matenal 1s 50 low that only munmal
signs of infection are produced, the tramed observer will note that one or more
of the test animals 1n the group does not apprar quite normal, Such suspected ammals
should be kilied and further passages made In other cases, the animals may sppear
definstely D1 but not to the extent that death may be expected to ensue, such ammals
should be killed, the organs evamsned for the presence of lestons (for esample, in the
tungs after masal installatian of throat washings fromt suspected wflweara}, or
for the presence of the agent (for example, smears of the enfarged spleen 1 mice
moculated with suspected puttacotic matenal), and additiomal passages made In
stiil other mstances, 1o sigos of infecton may appear, and mfection 15 detectable
only through examination of the serum of the test ammals for antibodues (for ex-
ample, bamsters inoculated with matenal contmnwng Coxells burnetn)

Stmlarly, 1n the chick embryo, virus multiplication may or may not cause the
death of the embryo, on the whole, fatal wfections of the embryo are less comman
than they are (n a species such as the mouse Where survival occurs, the presence
of virus is detectable only by supplemental tests (Table 5) In the case of the
nckemue and the farger vmnm, lrmroscoplt :xammalmn of the yolh sac mem-

B - +fabn oo oo <{ nfluenza,
. igglutinins
. . the Ruds
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Failure to isolate a virus may be due to the fact that no agent was present
in the original matenal or that the requirements mentioned elsewhere above were
not properly fulffled Even when these requirements have been fully comphed wath,
however, failure to recover an agent may be due to its presence in the test material
1m concentrations too low for detection, or 1t may be “rasked,” that is, rendered
naninfectious by antbodies present in the specimen.

4. Tissue culture, The recent development by Enders and his asso~
ciates®** of a ussue culture technic of the “i‘ued cell” type for the
ion of p hitis virus rep an i and an out-
standing conmbuuon Tissue culture technics are descnbed elsewhere
in this book and represent, i large part, simplifications of the original
procedutes Those undertaking the use of this techme for routine diag-
nosis should recognize that, although not intricate, the method is in-
fluenced by so many mtangible and indefinable factors that its mastery
10 the pomnt where 1t can be conducted smoothly and without difficulties
requires time Nevertheless the technic is such an important addition to
the diagnostic armamentarium that its inclusion in the operational pro-
cedures of a diagnostic labaratory 1s to be encouraged

While buman embryonic tssue bas been almost entirely replaced by monkey
Uissue (testicalar and renal) as the cellular companent for the cultivation of polio-
mychtis and other viruses, buran tissue s stll haghly useful where 1t 1s readily
available and the cost of monkeys 1s a factor The newer techme, howeser, employing
the HelLa stran of human carnomatous eells22 possesses the virtue that these cells
are readily cultivable by transplant and thuy permit mamntenance of a tissue source
{rotn which cultures can be prepared as tequired The full capabibities of the new
Ussue culture techmes have yet to be ascesced, and the hmitations delineated, hence,
Little tan be said on the subject of critena which provide evidence that multiplica.
tion of an sgent 1s occurnng When a cytopathic effect 15 produced, as in the polio-
myclitis viruses, direct evidence of varal multipheation 18 at hand, it 15 necessary,
however, to rule out nonspecific degeneration such as that due to taxic substances in
the nutrient flwid or i the inoculum or bactenal contamnation 1t appears Likely
that under some conditions, that iy, where an agent exerts no cytapathic action,
evidence of wntection may test upon of the of
fixing antigens or hemagglutining

€ Sewrorocic MerHoDs

By far the greatest p of it ds in a dag-
nostic laboratory conslsls of serologic ltsls The<e comprise the comple-
ment fixation, bi ard I itro

ion technes The fixation method finds the great.

st application, with hemagglutination and neutrahization tests next, and
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the agglutination test the least commonly used Table 6 presents a Hst
of common diseases in which serologic tests are applicable and the types
of tests used
1 Complement fixation tests, The complement fixation test repre—
sents a simple and highly satisfactory method for the examination of
large volumes of matenal There 15 a varety of techcs, the differences
Iying in the concentration of reagents used, the volumes of each em-
ployed, the time and temperature of the prumary incubation petied, and
the length of the secondary incubation period before readings are made.
The vatiations which have ansen over the past years are denved in part
from efforts to avoid difficulties engendered by impure and insensitive
antigens and in part to personal preferences devefoped through indi-
vidual experience. There is to real need for many of these differences
today since very good, and even excellent. antigens are available for
many of the diseases for which tests are conducted The differences in
many cases are minor, yet the reader, in gowng through the literature,
may well come to the conclusion that there is a different method for each
vital disease, The development af a single standard test acceptable to
all investigators 15 an 1deal yet 1o be achieved, In the interim, however,
those undertakung diagnostic work are advised to select one complement
fication method and, with the objective of applying 1t to as many viral
and rickettsial diseases as possible, modify it accordingly to provide a
single, basic test This suggestion 1s based on at Jeast two practical
consideratians, ficst, that if the volume of material 1o be handled is
large, 15 greatly lified and dited by a single
“standard” method, and second, the possibility of errors is greatly
reduced when examinations are conducted by a single procedure, that
15, the greater the number of vanatians of a technic employed, the
greater the apportunity for error,
In selecting a complement ﬁmunn method or in adapting xt to
specific purposes, itivity and ity are p
tions These two factors are to some extent mversely telated so that a
gam in une property leads to a concomstant lass fn the other. This is
din a recent ion of several ﬁxa\\on technies
for the L y di of the ri = a
Jifferent technics sbowed that the most sensitive method of the § was
the Jeast specific and that the least semsitive methad was the most
specific, with the other 3 procedures falling in betneen A higbly sensi-
tive test may be desiratile for certain purposes such as serologic surveys
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to determine the extent to which immunity to a particular agent is
present in a population, however, the degree of nonspecificity associated
with an oversensitive test may well give rise to misleading findings if
appropriate and adequate measures are not taken to detect these spurious
positives In diagnostic work, tests with the highest degree of sensitivity,
compatible with a high degree of specificity, are a desideratum if the
number of false positive reactions is to be kept at a mimmum and
the number of mussed diagnoses 1s also to be mifiimal

For those desiring to apply a single method to the diagnosis of a
variety of varal and rickettsial diseases, the modified Kolmer technic
may be recommended on two counts (1) 1t “occupies 2 happy middle
position of balance between sensitivity and specificity,”*3 and (2) it
15 already famihiar to most workers in public health laboratories, Another
procedure which is essentially a modified Kolmer technic is the standard
test promulgated by the World Health Organization for Q fever studies 2*
The test used in our laboratory differs in same respects from the Kolmer
techmic but primanly tn the use of smaller volumes of reagents tn order
to conserve serum for the battery of tests that 1s frequently required
for diagnosis

Sensitivity and specificity are affected by the accuracy with which
reagents are standardized in relatton to each other Precision in measure-
ment 1s especially important when small volumes are employed. The
need for the utmost accuracy becomes obvious if it is recalled that the
Cl)mp]emem fixation test consists, 1n essence, of 5 variables, 3 of which

and assayed for use in the test
on the basns of a 4th vanable, sheep erythrocytes, which are used di-
rectly in the test The final step is titration of the Sth varable—the
serum under exarnation Consequently, the test is open, as is any
system of variables, to an over-all error greater than the expected error
due to each of the vanables *3 Failure to recognize this leads to results
which cannot be replicated Wide variation 1n the results on replicate
testing is not permissible since the minimal rise in antibody titer con-
sldcred diagnostically sigmficant 1s a 4-fold rise, a change which is
but s d ble and vahd only when every

strp of the complement fixation techme has been carefully performed

for titrating and are so well known
as to merit Little comment here Aside from stressing the need for ac-
curacy in alt we would ize the desirability, if not

the necessity, of always titrating complement in the presence of antigen
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in the concentration in which the antigen s to be used in the test, Viral
antigens have a tendency ta combine with greater or lesset amotnts of
complement, and unless this 1s taken into account and compensated for,
nadequate amounts of complement may be used in the test itself with
all the d d 1 This is especially true where the fixation
method employs two exact units of complement
The antigen represents one of the variables m the test, and its titra-
tiom constitutes an important step. Two procedures ate in common use,
the so-called “strarght-lme™ method and the “bax” (ar “checkerhoard”)
titration. In the “straight-line” p fure, falling dilutions of antigen
are tested agamst a single, atbutrarily chosen dilution of Emmune serum
The unit is represented by the maximum dilution of antiges that will
fix with the dilution of serum chosen In the test praper, the amount of
antigen vsed 15 some such multiple of this unit as 2, &, 6, et cetera, The
number of umts employed vary from method to method, there being no
uriformity except that the upper limits are set by such properties of the
antigen as its hemolytic, ant 3¢ Y, of oecific activity.
The “hox"" method of titration trsts fathng dilutions of antigen against
falling dulutions of the immune serum, and since the unit represents the
highest dilution of antigen that will give complete, or nearly complete,
fization with the highest dilutron of serum, it thus represents shat is
essenual)y the optimal proportion between antigen and antibody.?® The
of antigen by 1 unit therefore is adequate
1o give fitaton with very low concentratians of antibody, whereas the
straight-hine method gives a unitage which may be inadequate to obtain
the same result, hence the necessity of relatively high multiples of
the “straight-line” unit In 2 test as compared to the usual 1% to 2 units
required on the basss of the “bov” titration method
Sheep erythrocyte suspensions comprise a variable to which com-
paratively little attention has been paxd, although it 15 an important
one Preparation of the suspension requires care to prevent alterations
in the cells that may affect the test Suspended cells can be made ac-
curately to the desired concentration by packing to 2 mimmal volume,
2 coramon procedure that, nevertheless, may produce either obvious de-
struction of eells asisind: d by visible bemo}, , mare |
may result in physicochemical changes which render the cells morc
susceptible to lysis A paper by Colhier ef ¢f** descnbes a method by
which maximal packing 15 not necessary In bried, the true hematocrit
value of an aliquot of washed erythrocyte suspension 1s determined by
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centrifuging it in a Bourke-Ernstene hematocrit tube, and from this
value and that of the volume of the initial suspension, the dilution of
the original suspension required to produce the desired concentration
is computed. Suspensions prepared by this method are said to be re-
producible both as to accuracy of ion and as to
to lysis.

Tn regard to the test proper, a few pownts merit mention, Overnight
incubation in the cold mcreases sensitivity as compared with brief incu-
bationat 37° C. and is employed for this reason as well as for convemence
Tests with a primary incubation persod of 1 hour in the water bath,
although less sensitive, can be used for diagnostic purposes provided
their use conforms with the established principle that a diagnosis can be
achieved only through the demonstration of a rise in antibody titer, 2
procedure which necessitates the use of serial blood specimens. The use
of such tests for so-called “rapid diagnosis” or “emergencies” is based
on the widespread but erroneous belief that an unequivocal diagnosis
can be made on the basis of a “diagnostic titer” obtained through ex-
amination of a single specimen of serum and 1s to be discouraged. Because
of the tendency of viral antigens, especially the cruder preparations, to
fix complement to some extent, there should be included among the
several usual controls a control on the amount of complement being
bound by the antigen In general, a 4-tube complement control system
15 used, the tubes containing, before the addition of the hemolytic sys-
tem, anugen, saline, and 20 units, 15 units, 10 unit, and 0§ umt

of 3! 1In sysiems empl g exact umts, complete
hemolysis 1n the 3 tubes contaming 10 or more units of complement
mdicates that the test system employed proper amounts of complement,
any h in the tube ¢ ing 0.5 umt of ! ndicates
that an excess was used in the test and partial fivation 1n the tubes con-
taining 10 or more units of complement indicates that inadequate
amounts were used, the degree of wsufficiency being indicated by the
extent to which these tubes fail to show clearing

Nonspecific reactions, while more likely to occur when compnmuvely
crude antigens ate used, may be d at any time C
each serum should have a control not enly for anticomplementary ac-
ity but also for nonspecific reactivity The nonspecific control con-
sists in testing the lowest dilution of serum used in the test proper
against an antigen prepared from normal tissue processed by the same
procedures as the test antigen of by using a heterologous (and anti-
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genically unrelated) viral antigen prepared by the same method. Until
relatively recently, the antigens used in many cases, primanly those
prepared from mouse brain tissue, were rather crude and prone to give
nonspecific reactions, in addition, they were also so weak antigenically
that specific fixation could be obtained only with very low serum dilu-
trons. The potency in some cases has been increased through the use of
starting material with a high virus content, and specificity has heen
sharpened by purification of the antigens through such means as extrac-
tion with benzene or acetone or removal of nonspecific protein through
precipitants or by high-speed centrifugation. The sources from which
antigens are derived are illustrated in Table 6; details of preparation
are given m the chapters dealing with specific diseases Application of
the 50 per cent end point method to diagnostic work is an unnecessary
refinement since a simple 4-fold nse m titer is sufficient on which to
base a diagnosis Potent antigens, however, should be sought, since 4-
fold nses may be of doubtful validity when the titers fall in the very
low ranges, for example, a rise from 12 to 1.8. Because of the high
proportion of nonspecific reactions that may occur with very low serum
dilutions, we have adopted 18 as the initial serum dilution employed
in lhe test
oL ions may be b on occasion and
can be divided 1nto two groups according to the basis for the trouble **
The so-called “Intrinsic” group comprises those sera in which the anti-
complementary activity is an inherent property of the serum of the mdi-
vidual and is not due to faulty technic In some patients, repeated
bleedings will consistently yreld sera which are anticomplementary,
whereas in others the serum may be anticomplementary on some occa-
sions, but not all A high proportion of persons yielding repeatedly
anticomplementary sera has been found to have syphilis 2?7 The “ex-
trinsic” group comprises those sera m which the anticomplementary
action is caused by extraneous factors, namely, bacterial or chemical
A i alcohol, (such as atrate,
oxalate, and heparin), preservatives, and other substances may give
rise to anticomplementary properties in the serum The predominant
cause of anticomplementary activity is, 1 our experience, bacterial
contamination of the spectmen.
2. Hemagglutination-inhibition tests The basis for the hemagglu-
tination test lies in the fact that certamn viruses possess the capacity to
agglutinate red blood cells and that specific antibody prevents or inhibits
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hemagglutination, this reaction, therefore, can be utilized as a means
oi antlbody assay After the dlscu\ery that influenza virus possesses
i revealed that hemagglu-
tination is a property of a large number of other viruses. The list now
includes—in addition to the well-known examples of mumps, Newcastle
disease, and agents of the vaccinia-variola group—the viruses of dengue,
yellow fever, West Nile disease, and Japanese B, Russian Far East,
Western equine, St Lous, and Murray Valley encephalms
Since the actual meck of the il It test
are so simple, consisting metely of adding a standardized amount of
virus to dilutions of the serum under test, mcubating and subsequently
adding erythrocytes of the appropnate ammal species as a reaction
1ndicator, 1t might seem, a priori, that so simple a test should supersede
other methods However, even so widely used a test as the hemagglutina-
tion-inhibition method for influenza has its drawbacks, unless the tech-
nics described for the 4 hibttion test with some of the
agents mentioned above can be shown to have decided advantages m
detecting antibody sconer or in detecting significant rises in antibody
earlier, angd so on, their cumbersomeness or intricacy will favor use of
the complement fixation test. If, however, future work shows that the
bemagglutimation-inhibiting antibody parallels neutraltzing antibody 1n
and the fon test may supplant the neu-
tralization test
Since the greatest amount of work on the hemagglutination phenome-
non has been done with the influenza virus, this vires will serve to
illustrate some of the with the
intubition test One difficulty 1s that the test is relatively strain speclﬁc,
a property which 1s utilized in detecting or demonstrating differences in
antigenic constitution of strains of infiuenza virus From a diagnostic
d such 15 an und characteristic, since, 1f the
antigen used for antibody determmnation of a patient’s serum is markedly
different from contemporary strains involved 1n current outbreaks, de-
tection of antibody nises may be missed In practical application, this
means that the antigen used in the test must be broad and also that in
each outbreak, or duting each season, prevalent strains should be isolated
and compared with the strains being currently used so that, if necessary,
the inadequate test strains may be replaced, Usnally, diagnostie hemag-
glutination-inhibition tests call for the use of seseral strains of both the
Type A and Type B viruses, whick 1s time-consuming, and the work foad
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Yinatelo & 1

is i as pared to the pl fixation test.
Since the complement fixation test is group specific, that is, it discloses
similarities between strams, it is simpler to do a single complement fixa-
tion test utilizing a Type A and a Type B antigen. For typing of the
outbreak, hemagglutination-inhibition tests may be done with randomly
selected sera found positive by the complement fixation method.

Other difficulties Lie 1n the existence of nonspecific inhibitors in
human sera Again using influenza viruses as an example since the most
detailed studies of inhibitors have been done with this agent, it may be
pomted out that several inhibitors active against this virus are present
in human sera. Some of these mhibitors are heat labile, and as they are
destroyed by heating at 56° C for 30 minutes, they are of no conse-
quence i the test (This provides another example of the advisability
of inactivating sera before use in serologic tests.) At least 2 nonspecific
inhubitors, however, which are heat stable are known and are of concern
since they may profoundly affect the rehability of the test® One of
these, the alpha inhibitor, presumably identical with the so-called “Fran-
ais mhibitor,” 15 rendered inert by a substance present in filtrates of
Vibrio cholcrae, designated as receptor-destroying enzyme (RDE). The
other, or beta inhibitor, 1s not affected and is encountered to some extent
in human sera, although the inhibitory action of such sera is due pri-
marily to the alpha inhibitor.

‘The effect of nonspeaific mhibitors n the test is important {rom
several aspects, The sera of children may be high in nonspecific inhibitor
content but essentially devoid of antibody for certain virus strains®®
Also, mhibitors may prevent agglutination at much higher diltutions than
does the specific antibody so that a true diagnostic nse in antibody titer
may be masked and not detectable until the sera are treated with re-
ceptor-destroying enzyme Removal of nonspecific inhibitors from serum

15 thus important in determining the basic antibody levels in groups or
populations for the various influenza strains It is obvious, therefore,
that caution must be d 1 the results of
tination-inhibition tests. Although the relability and the sensitivity of
the method for demonstrating specific antibody can be greatly increased
by preteeatment of sera with RDE, such manipulations add appreciably
te the time involved in conducting the tests, This objection may perhaps
be by the use of 'y virus strains msensitive to the
alpha inhibitor, such as the FW-1 (Cuppett) A-prime strain; no strains
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insensitive to alpha inhibitor have as yet been found among the Type B
viruses 2%

Problems with ific inhib are by no means
restricted to nfluenza On the basis of data denved from the hemagglu-
tination-inhibition technic, the viruses of mumps and Newcastle dis-
ease were considered to be antigenically related until recent work showed
that this apparent relationship 15 spurious 23 Tt thus appears that a
nonspecific inhibitor is present 1n many sera obtained from apparently
healthy persons, and that in addition sera containing specific antibodies
agawst mumps virus also contain a heat-stable, heterotypic inhibitor
substance for Newcastle disease virus®® The considerable frequency
with which cross reactions between mumps and Newcastle disease viruses
are observed i hemagglutination-inbibition tests must be kept in mind,
the problem of cross reactions ¢an be largely bypassed through use of
the complement fixation 1n which cross reactions are enly occasionally
encountered 3

The hemagglutination-inhibition tests for such diseases as dengue,
yellow fever, and certain neurotropic virus infections are still so new
that i ding their value and usefs in diag-
nostic work cannot be made until current information 15 considerably
amplified by mote extensive experience. The vanous methods as they
stand at the present time, however, are unsatisfactory for applied diag-
nostic work because of their cumbersomeness or intricacy, or both Thus,
inthe St Louis virus hemagglutmation-inhibition test, tapidity of manyp-
ulation 15 requited to avoid loss of the hemagglutinin, which is highly
unstable, and rigid and evacting control of the pH range and other
conditions under which various steps of the test are conducted must be
taintained

In the group of tests under d
tion here, the hemagglutinig is derived from mouse brain infected with
virus In addition to the presence of spectfic hemagglutinm, such infected
braing contain, just as do normal mouse brains, a nonspecific hemagglu-
fimn for erythrocytes from a variety of animal species 3132 Mareover,
there may be present concomitantly with these nonspecific hemagglu-

tinins, a ile inkibstor of 233 1t becomes neces-
sary, as a consequence, to control thoroughly the variables in each test
in crder to averd musi: arising from ific, nonviral
hemagglutination. The need for care, accuracy, and precision is exempli.
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fied by the techuics described for the dengue and St. Louis encephalitis
hemagglutination-inhibition tests.

Unlike the pecil hibitors of infl virus, which are muco-
Pprotein, the inhib with viruses p d in mouse brain
apparently are lipoidal. Recent work indicates 33 that with some viruses
the nonspecific nhibitors can be removed by extraction of the mouse
brai tissue with acetone and ether, Because of the high hemagglutinin
content of such extracted tissue, the use of these relatively inhibitor-free
antigens would appear feasible. However, a practical difficulty lies in
the fact that thermostable inhibitors are present in serum, both human
and ammal23* The inhibitor, which is a lipid or lipo-protein, can be
removed from serum by repeated extraction with acetone 3433 Extraction
of each serum to be tested is hardly a practicable procedure in large-scale,
applied diagnostic work, and unless hemagglutination-inhibition tests
utilizing mouse brain antigens can be shown to have decided immuno-
logic advantages over the simpler complement fixation technic, they are
not likely to completely replace them at the present time.

3 Agglutination fests. Agglutination tests may be divided into two
categoties as to whether they are “bologically specific” or “b
nonspecific.”

While biologically specific agglutination tests are feasible with the
larger viruses, such as those of psittacosis and vaccinia, and with the
nickettsiae, they are but little employed in diagnostic work. Compara-
tively pure suspensions of some of these agents are difficult to prepare,
but even where this is feasible, rather large and hence expensive amounts
of antigen are utilized Microscopic agglutination tests of one type or
another have been described, but in general ﬁnd little favor because of
the large error with Aggluti
tion tests do, however, have a place as, for example, under operating
conditions where complement fixation methods are not feasnblc but,
even so, macroscopic methods are Also, in the rick

agglutination tests provide an alternate procedure when the serum to
* be evamined 15 anticomplementary.

Of the biol Iy i tests, the Wel-Felix
method for the \:\mgnosxs of nckensml diseases of the spotted fever and
typhus groups is probably the best known and is stll widely used.

Nlowing the P of speaific it fixation methods for
u,e T i this procedure in many ies replaced the Weil-

Felix method, entirely or in part, Care and caution were, and are, re-
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quired in interpreting the findings of the Weil-Felix test since a positive
finding may be due not Lmly to fau!ty technic or lmprvperly prepared
antigen, but also is not i fons other
than rickettsial infectsons, for example, Proteus m!eclmns, prostatitis,
and pregnancy.

Tt has been reported recently that the complement fixation test may
fail to demonstrate the appearance ot nise in titer of antibodies in what
clinically is undoubtedly a rickettsial disease, whereas the Weil-Felix
reaction is posmve. The discrepancy in the results of the two tests
appears Lk to i with antibody fon in those
patients who receive early and intensive antibiotic therapy; complete
suppression, or almost complete suppression, of complement-fixing anti-
body formation may occur, whereas the formation of the N-agglutinins
on which the Weil-Felix reaction is based is little, 1f at all, affected.
Just as the findings of the Weil-Felix test should be interp d in the
Tight of the patient’s clinical and epidemiologic background to rule out
false positives, so should the negative results of the complement fixation
test be cheched by the Weil-Felix method when clinical and epidemiologic
findings point strongly to the existence of a rickettsial infection.

The cold test and the MG i
test are biologically nonspecific methods used in the diagnosis of primary
atypical pneumonia Agglutimns to group O human erythrocytes or to
the Streptococcus MG appear in the blood of many patients during the
course of this disease Cold agglutining, as their name implies, possess
the capanity to agglutinate erythrocytes i the cold (icebov tempera.
ture); hence, serum to be used for this test should be removed from
clotted Llood which has not been refrigerated or, Il it has been refriger-
ated, 1t should be allawed to come to room temperature before removal
of the serum in order to permit elution of adsorbed agglutinins With
the Sueplococtus MG agglutination test, stock cultures must be prop-
erly ined and test i prepared to avoid
spontaneous agglutination On the whole, :\p})mmm:\(:ly only 50 per
cent!® of the patients develop agglutinins for either group O human
erythrocytes or the Streptococcus MG, and hence a positive test consti-
tutes supportive evidence for the climcal diagnosis, whereas a negative
test does not rule out the disease In addition, it has also been observed
that antibiotic therapy may intexfere with the development of cold ag-

glutining 3®

Tt should be remembered that the cold agglutination test is positive
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1m a number of diseases other than primary atypical pneumonia and
that this test, as well as the Streptococcus MG test, has recently been
found to give pesitive resulls in gastroenteritis of children3?

4 Neutralization tests. The neutralization test is based on the prins
ciple that when 2 specific immune serum is added to its corresponding
virus, the virus 1s rendered noninfective or “ lized " Since demon-
stration of infectivity vequires the use of living tissues, the host systems
employed are embryonated eggs, various animal species, and tissue enl-
tures,

Tt ovo neutralization tests have been used primarily in investigative
work, they are used to only a limited extent in diagnostic Iaboratories

Theee types of end point are employed m in ovo neutralization tests to determine
the neutrahzing capacity of sera The first of these end pomts rests on the ability
of the virus to produce plaques or pocklike lesions on the chomoallantoic mem=
brane, The degtee of neutralization which octurs is based on the quantitative reduc-
tion 1n number of virus particles capable of producing lesions, which 1 indieated
by the number of plagues produced The procedure 33 ime-consymng and open 16
anumber of errors,3$ and reading and interpretation of the findings require consider~
able experience Determination of the mfective Giter of the virus afone i3 apt to
yield variable results, estimation of infectwvity in the presence of serum gives Tise
to an addibional ertor ansing from the lack of proporhionality between virus dila-
tions and plague counts 89

A more accurate end pownt for the quantitative measarement of antibody i
that based on the lethal action of serum-wirus mixtures. However, infechions with
virtually all the varuses which produce fethal effect in the chick embryo are also
amenable to disgnosis by b vitro serologic methods, which are ampler

The third end pomnt, feamble only with thase wruses which prndu:: bemagglu-
tintns. depends upon the or of in fndi-
vidual eggs moculated with the serum-virns mixture The tieed for examming each
g, or group of egss, for the presence of hemagglutming adds consderably to the
worh load, and the same dhagnostic information can be obtained rore veadily snd
quckly by in witro tests

neutralization tests, their use is reserved for certain situations and cir-
cumstances in which khe mouse cannot be employed. Since most of the
d viruses are ic for the Swiss mouse, this
species is employed m diagnostic work almost to the excluswon of all
others Selectively inbred strams of a high and uniform susceptibility
should be used.
The age of ibe test animal ds of importance under some conditions Both
sucklng and aduly wice are about equally susceptible to cerebiral infection with

While amimals other than the albino Swiss mouse are used fcrl
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many neurotropic agents, the very immature animals beng on the whole perhaps
slightly more suscepuble. There are some agents, however, such as the dengue virus
and the Coxsackie viruses, which are pathogenc by the cerebral route cnly for the
very immature mouse and nat for the mature ammal; consequently, neutralization
tests with these agents require suckling ammals of a susceptible age Other agents,
pathogenic for both adult and 1mmature mice on cerebral inoculation, are lethal by
the penpheral route only for the very young anjmal This charactenstic is utiized
m the extrancural neutralization test, which in many cases is a far more sensitne
method for detection and quantitation of antibody than 1s the usual intracerebral
method 40.41 There are also indications that age tmay play a role in the susceptibility
of the chick embryo to infection by different routes of moculation 42

There exists a wide diverg in the methodol fated with
the conduct of tests Certain vari; might be expected,
such as differences 1n hosts because of their differences in susceptibiity
and diff in thé route of because of duff in the
pathogenic properties between agents On the other hand, there exist
such differences between tests as the ratio of virus to serum volumes
employed, whether or not incubation 1s used, if incubation is used,
there are differences in the time and the temperature emplayed; and
between the use of varying virus-constant serum or constant virus-vary-
ing serum dilutions Some of these differences are based on empinical
observations, others have been the subject of limited investigation
Because of the differences of opinion and in findings recorded in the
literature and lack of information as to the need or validity for some
of the & ns i e to d one or another method
as being supenor to all others and feasible in all instances The only
adwvice which ¢an be given at the present tume 1s to follow those technics
recommended for each speaific viral infection.

Whether Incubation of serum-virus mistures 1y necessary 1s a matter on which
Investigators difier Some workers report finding no difference \n neutrahuaing capacity
of a serum, whether or not incubation 1s used, others believe that Incubstion
produces only varying degrees of secondary inactivation of the virus, and stll
others maintain that incubation enhances the peutraliing elfect In some instances,
1 would appear that incubation 13 mandatory, or virtually so, 1n order to reveal
a neutraluation effect (see, for example, Sabin 43)

Under the section on the collection and handling of blood specimens, there was
mentioned the widely accepted practice that sera for neutrahzation tests {and for
other serologic tests, or that matter) should be remaved from the elot promptly
and stored 1n the frozen state This procedure is based on oheervations that the
neutralinng capacity falls off if the serum s stored at tbe usual icebox temperature
614* t0 6 C, the end rewult being that the neutralwng capaaty of & tored acute
phate serum may be lower than that of a relathely fresh convalescent phase serum
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in a number of diseases othet than primary atypical pneumonia and
that this test, as well as the Streptococcus MG test, has recently been
found to give positive results in gastroenteritis of children?

4, Neutralizotson tests. The nevtralization test is based on the prin-
ciple that when a specific immune serum s added to its corresponding
virus, the virus is rendered noninfective or “neutralized.” Since demon-
stration of infectivity requires the use of living tissues, the host systems
employed are embryonated eggs, various animal species, and tissue cnl-
tures,

It ove neutralization tests have been used primartly in investigative
work; they are used to only a limited extent in diagnostic faboratories.

‘Three types of end point are employed 1n 1 ovo neutrahzation tests to defermine
the neutralizing capacity of sera The first of these end points rests on the abuity
of the virus to produce plagues or pocklike lesions on 1be chorioallantole mem-
brane. The degree of nevtralization which occurs s based on the quantitative yedue-
1on 10 Bumber of virus particles tapable of producing lesions, which is indicated
by the number of pleques produced The procedure 55 tune-consuming and open to
a nanber of errors 3 and reading and mterpretation of the fincungs requite consider-
able experience, Determination of the infective titer of the virus alone is apt to
yield vasable results; estimation of infectivity in the presence of serum gives rise
to an additional error arising from the lack of proportionality between virus dilu-
tioms and plaque rounts 39

A more accurate end point for the quantitative measurement of antibody 55
that based on the lethal action of serum-virus mistares However, infections with
virgwally all the viruses whith produce Jetba) effect in the thick embryo are also
amenable to diagnosis by in vitro serologic methods, which are simpler

“The third end point, feasible only with those viruses wh)dz produce bem:gg!ll-
tinins, depends upon the 3 ot in indi-
vadual epgs inoculated with the serura-virus rxture The need for uammmg eath
egg, Of group of eggs, for the presence of hemagglutining adds conmderably to the
work 10ad, and the same dsagnostic nformation can be obtamed more readily and
quickly by 1 wtro tests

neutralization tests, their use is reserved for certamn situations and cir-
curnstances m which the mouse cannot be employed. Since most of the
commonly d viruses are path ic for the Swiss mouse, this
species s employed in diagnostic work almost to the exclusion of all
otbers. Selectively ubred strams of 2 lugh and uniform susceptibality
should be used

The age of the test ammal is of importance under some conditiors Both
suckling and adult muce are about equally susceptible to cerebral infection with

Whie animals other than the albino Swiss mouse are used fur}
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phase serum specimens may h:we hlgh and essenhal]y the same antibody
titers, that is, di: in antibody titer
between the two specimens are not demonstrable. The constant virus-
varying serum method, on the other hand, appears to be superior in
several respects 4 Measurement of antibody levels is more accurate
because even Jarge variations in amount of virus used produce only small
changes in the titer of the serum ** Moreaver, a wide range of serum
dilutions can be examined, and the method permits the use of viruses
with Jow titers, The constant virus-varying serum method probably will
find increasingly greater acceptance.

VI. COMPUTATION OF 50 PER CENT END POINTS
A. GeENERAL CoMMENTS

Tn biological quantitation, the end point is usually, taken as the dilu-
tion at which a certain proportion of the test animals rencts or dies
While a 100 per cent end point still is not infrequently used, its accuracy
is s0 grossly affected by small chance variations as to make it the worst
type of end point, The most desirable 15 one representing a situation in
which one-half of the animals react, the other one-hall do not 47 The
best method of determining such an end point is to use large numbers
of test animals at closely spaced dilutions near the value for SO per cent
veaction, and then nterpolate a correct value A number of practical
factors, however, militate against such an approach- (a) the cost of
using large numbers of ammals on every didution pomnt; (b) the wide
variations in titer between any given tests, and {¢) in most instances,
the unjustified application of highly accurate statistical methods to pro-
cedures replete with uncontrolled vatiables.

In utrating viruses or, for example, sera for antibody content, a
series of ditutions of the test materials 1s made, and each dilution is
inoculated into a small group of antmals, ordinatily & to 8 animals are
used on each “point,” 14 tolo, therefore, employing a large number of
animals, Reed and Muench** have devised a simple method for estimat-
g 50 per cent end points based on the large, fotal number of animals,
which gives the effect “of using, at the 2 enitical dilutions between which
the endpoint lies, larger groups of ammals than were actually included
at these dilutions, By inchining to equalize chance varfations, the method
tends to define the point more nearly than would be possible if it were
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and may thus indicate that a rise 1n antibody titer apparently occurred in the in-
terval between the two bleedings The work of Ginsherg and Horsfall T points to the
existence 1 such sera of a nonspeaific varal mhibitor since they found that normal
human and amimal sera possess the capacity in varable degree to neutralize the
viruses of influenza, Newcastle diusease, and mumps and that this capaaty dis-
appears when the sera are heated (56° C. for 30 minutes) These authors state that
113 hazardous to use unheated sera 1n neutralzation tests Stul, in same eircumstances
1t may appear desirable or even necessary to use only frozen sera or to add Iush,
unheated sera to test sera which have been inactivated For example, i

of the mouse-adapted dengue virus by intracerebral tests in mice bas been found by
Sabin? to depend on two factors, hamely, a speaific antibody which is heat stable
(56° C. for 30 munutes) and a nonspecific, heat-labile aceessory substance, The neu-
tralizing capacity of heated dengue- somune serum 15 fully restored by fresh ammal
serum, which 1n itself has no neutraliming actity This accessory factor thus has a
potentiating and not an inhibitory action, A similar potentiating efect has been
desenibed for vacama virus by McCarthy and Germer 8 (According to Sabin,3 not
only must the accessory factor be present but incubation of the serum-virus mixtures
1s mandatory) Smuthburnd also states that heating senously diminushes the neu-
tralizing capaaity of St Lows immune sera and that the addition of fresh serum to
such wnactivated test sera will restore much of the onginal peutralizing activity,

Obviously, additional research is desirable to determine definitively
whether or not incubation 1s necessary for any one particular neutraliza-
tion test, and on the subject of nonspecific nhibitors and accessory or
potentiating factors in sera Using fresh, unheated sera n neutralization
tests may give misl results if ibi are present,
Similarly, if test sera are heated to destroy nonspecific inhibitots, and
unheated normal serum is added to enhance the neutralizing activity,
one must be sure that the added serum contains a potentiating factor
and not a nonspecific mhbitor,

Thete is, finally, one very wide difference between neutralization
tests, which 15 so fundamental that further studies on the subject are
most desirable. This difference lies in whether undiluted serum is tested
against serial dilutions of virus or whether difutions of serum are
tested against a constant dose of virus. Since space does not permit de-
tailed discussion here, the reader is referred to the recent publications of
Tyrrell and Horsfall*S and Tyrrell*® on this subject. The most commonly
employed technics use the constant serum-varying virus method. By
ﬂus pmcedure, a large change 1n virus titer is required to reveal small

in antibody ion, and this probably explains the
many instances in which 1t is difficult or 1mpossible to make a diagnosis
by this neutrahization method, since both the acute and the recovery
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TABLE 7
Arraxceyrst or Data Usen 1v CoMpuTATION OF LDw Tirer
®Y Rerp-Muescn Forstuza

Accumulated Values

Mortabty
Virus
Dition] Rato | Dhed | Survived | Died [Surived] Ratio | Per Cent
2 b < d B f 3 | Y
101 6/6 6 ° | 17 0 i 100
102 6/6 To a 1" 0 wn 100
102 476 s 1 | s 2 517 7
104 1/6 [t Vs 1o 7 | v
10+ 0/6 LA O I o on ; OB e
!

50 per cent, that in the next lower dilution, 1074, 1s considerably below
The necessaty proportonate distance of the 50 per cent mortahty
end point, which obviously fies between these two ditutions, 1s obtained
as follows

(Per cent mortality at dilution next above 5075) ~ (3055}
(Percent mortality at dulution next above 505) — (per cent
71-50 21 bt AN below)
Tt lren
Since loganithmically the distance between any 2 dilutions is a fune-
tion of the incremental steps used in preparing the senes, for example,
2-fold, 4-fold, 5-fold, 10-fold, etc, it 1s necessary to correct {multiply)
the proportionate distance by the dilution factor, which is the loganthm
of the dilution steps employed In the case of serial 10-fold dilutions,
the factor is 1 (log 10 = 1) and so is disregarded, 1 a 2-fold dilution
seties, the factor 15 03 (log of 20), 1m a 5-fold senes, 07 (log of 5.0),
and so on In the procedure which follows, the factor is understood to
be negative Therefare,

d

s 5 L

2 nganthm of above
the 50 per cent mortabity plus the pro-
Yorlm"lle distance factor (corrected

or dilution senes
or
Negative Ioganthm of the lower dilution (next above 5055 mortality) m -3 0
TProportinnate distance (0 4)Xddution factor (Jog 10) - 04

LD titer - 34
LDy titer - 104
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simply interpolated between the 2 bracketing results,” 48 Karber #* also
has reported a simple method for computing 50 pet cent end points; this
will be described below, along with the Reed-Muench method.*

“The 50 per cent end point can be based on several types of reactions.
The most widely used 15 based on mortality and is written LD, (50
per cent lethal dose) 1Dy, indicates the dose which infects 50 per cent
of the test animals, PDy, the dose which paralyzes 50 per cent of the
animals, et cetera. The terminclogy can also be applied to other host
systems, for example, tissue cultures, in which TCD,, represents the
dose that gives tise to cytopathic changes in 50 per cent of the inoculated
cultures,

Both the Reed-Muench and the Katber methods are applicable pri-
marily to a complete titration series, that is, the whole reaction range,
from O per cent te 100 per cent mortality (or infectivity or cytopathic
effect, etc ), should be represented 1n the expenimental data. However,
the methods can be utilized even 1f these conditions are not fulfilled,
provided the reactions occur in a umform manner over the range of
dilutions employed. If, however, these are erratic (for example, deaths
irregularly scattered over a number of dilutions), the end point will be
inaccurate There are, of course, a number of other statistical methods
which can be employed (Bross®®), but they are not so commonly used in
the virus hiterature,

B Forry Prr CenNT Exd Points IN VIRUs TITRATIONS

1. Calculation of the LDso titer by the Reed-Muench method. It
the laboratory work sheets or cards are provided with an appropriate
coluran at one side, the accumulated values (Table 7, columns e-h} can
be quickly calculated and the end point determined as outlined belas.
Table 7 gives an esample of data dersved from observation of inoculated
animals and il the p of

Accumulated values for the total number of animals that died or
survived are obtained by adding in the directions indicated by the
arrows The accumulated mortality ratio (column g) represents the
accumulated number of dead animals (column e) over the accumulated
total number inoculated (column e plus column f}; for example, in the
10~ dilution, there were 5 deaths out of a total of 7 animals.

1n the example in Table 7, the mortality in the 10 dilution is above

e

« Y sre tndebted to Dr_Joserh Melock and Dr Jabn Puyl for bhnging the Karber
methed to our atiention for ynclysion here,
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TABLE 7
Anraxcraest or Dara Useo 1x Comruratiow of LDw Trrex
®y Rero-duesen Forstuia

Accumufated Vatues
Mortahity
Varus
Diluton| Ratio | Died | Suruved | Died [Sarvised)  Ratio | PerCent
a b ¢ 4 e t [3 h
10t 6/6 A6 [ 17 0 1717 100
107 6/6 6 o 11 0 nwn 100
104 /6 4 2 N 2 7 n
104 1/6 1 s ] 1 ? 18 13
104 0/6 |0 Y6 ] © 1" 013 o
i

50 per cent, that in the next lower dilution, 104, is considerably below
The necessary proportionate distance of the SO per cent mortality

end point, which obviously hes between these two dilutions, is obtained
as follaws

{Pe dilution next above 50%) ~{5095) distan
e
ercent mortabty st lution next above 507}~ Gt cent - N
;: s‘o_:___036 rod) R Eian nest betow)

Since logarithmically the distance between any 2 dilutions is 2 fune-
tion of the i steps used in ing the series, for example,
2-fold, 4-fold, $-fold, 10-fold, etc, 1t 15 necessary to correct (multiply)
the proportionate distance by the dilution factor, which 15 the logarithm
of the dilution steps employed In the case of serial 10-fold dilutions,
the factor is 1 {log 10 = 1) and s0 1s disregarded, in a 2-fold dilution
senies, the factor 150 3 (log of 20}, 1n a $-fold senies, 07 (log of 50),
and so on In the procedure which follows, the factor is understood to
he negative Therefore,

Negatnve loganthm of LD end point L\l:r-nrgllne Toganthm of the dilution above
the 50 per cent mortality plus the pro-
roluonnl: dustance factor {corrected
or dilution seres wsed)

or

Negative Ioganthm of the fower dilution {next above S07% mummy) - -30
Proportinnate distance (0 4) X dilunon factor (g 10) 47

1D titer - v!.t
LD titer - 1044
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2. Calewlation of the LDy titer by the Karber method. This method
Rives end points which are essentially as accurate as those obtained by
the Reed and Muench methmi, 3t is not necessary to nse accumulaled
mortality ratlos (although these can be used), as the observed mortality
ratios suffice,

The Kitrber formula 43 as follows:

Negative bigarithmaol the LD end point titerw [ negatis e fogarithmof the highest
siruy concentratinn used

_[ (nm\ of per cent mortality at cach dilution
100

Using the data in Table 7, this becomes:

0 s) M (ogarithm of .muu.m)]

Negative Ioganthny
T the 10w end point thterm —1 o—I; ‘_‘ML‘;‘_’ FOOEN g §) (o 10)]
~ =10-H{23-085%1}
- =10-21
- -3
1.Dy titer - jU

C. TFrery I'rr Crnt Lan Potnrs v Nruteatization Trsrs

L. Determination of antibody end point in systems using varying doses
of virus and constant anounts of scrum (varying virns-constand scrum
method)

"This fs the mast commonly employed method and consists of adding
a constant amount of the serem under test to decreasing amounts of
vieus, Generally, seeum is added to virus fn cqual proportions, and the
mitares, with or without incubation, are then inoculated into the test
host, The results are expressed i the form of a neutralization index,
which indicates the capacity of the sceum to neutralize the action of
the virus on the host system emplayed, The neuteatization Index repre-
sents the difference (without tegard to sign) in the titer of the virus
in the presence of normal control serum and in the presence of the test
(immune) scrum, Tt Is obtained by subtracting thelogarithmof the LT
titer of the immune (or test) serum from the logarittin of the LDaa titer
of normal control serum, The index can be vsed efther as a logarithm
expressing the number of LIk neatralized by the particular serum, or
can he converted to the antilogarithm {1 it is desired Lo express the degree
of neutralization in arithmetic terms,

Calculation of the neutralization index by the Reed-Muench method
Is illustrated by the data in Table 8,
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TABLE 8
Coxprranio? of NiuTeatintios Isnrx sy Rero-Mernen Forstrra

Dilutson} Accumulated Values
Virus 1n
Virue- Mortality
Serum
Muxture] Ratio Died Survived | Died [Survived] Rato | Per Cent

Normal

Serum
s 6/6 Ao 0 ", 0 14/14 100
104 6/6 6 ° 8 [ 8/8 100
108 2/6 2 4 2 4 2/6 »
104 0/6 [} Y6 0 10 o/10 0

Immune

Serum
104 6/6 A6 0 1 0 wn 100
101 5/6 5 1 5 1 5/6 a3
104 0/6 0 6 ° 7 o/7 0
104 0/6 o 6 0 13 o/13 0
104 0/8 o 6 o 9 0/19 L]

a Reed-Muench method

Kormal control serum

Proportionate distance= o

Negative loganthm of LDy uter=negaine toganthm of dslution above 50 per cent
0rtality +(proportionate distanceXlog di-

Pr

Tation farter]
= —404(08Xlog 10)
- —40+(08X~1)

- ~40+(-08)
LDatter = 10743
Tmune serum . wos0 u_
tanee B"-0 @
Negative loganthm of LDa titerse —204(0 4Xlog 10}
- —204(04%-1)
- —204(~04)
LDatter = 10°M
Neutralzation index - 4824

24 Joganthms of virus neutralzel
230 LD of wirus neutrihized
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b. Karber method
Normal control serum

Negative loganthm of LDy titer~ —s—[ (%?i’—’—o $) o 10)]

= —3—{(233-05)x1]
= —3-18
= —48
LDy titer = 10713
Immune serum
o 100483
Negative loganthm of LD titgg= —1 [( 5 0 5) X (log 10)]
—1-[{18-035)X1]
—1-13
-23
1623
48-23
2 5 Joganthms of virus neutrabzed
320 LDy, of virus neutralized

LDy titer
Neutralization mndex

LU 2

2 Determination of antibody end pomt in systems using constant doses
of virus and varying diutsons of serum (constant virus-varying serum
method)

A suitable test dose of virus is selected, for example, 300 LDy, and
falling dilutions of serum are added 1 equal amounts to the appropriate
virus dilution The mortahty in the moculated animals 1s recorded, and
the neutrahizing end pont 1s expressed as that dilution of serum which
“‘protects” SO per cent of the animals against the test dose of virus used.

TABLE ¢
CalcuLaTioN of 50 Per CExT SERUM NEUTRAL1ZATION END PorNT BY
Reep-MreNch Foratura

Accumulated Values
Mor Mortabty
Dilution of Serum | tabty Sur Sur- |[———————
(VirusDose Constant)| Ratio | Died | vived | Died |vived | Ratio |Per Cent
14 (1005 0/6 0 6 o 17 0/17 0
116 (1017 0/6 o 6 o | 1n 0/11 0
16t (1018) 2/6 2 4 2 5 2/1 29
1256 (1034) 5/6 5 1 7 1 /8 88
11024 (1039 6/6 6 i} 13 o | 13/13 | 100
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a. Reed-Muench method ~
From Table 9,
Proportionate distance =

5095~ (mortalty at dilution next below) 502021
{mortabty neat above) ~ (mortality next below) 5829 59

Loganthm 50 per cent neutrahzing end point= —1 84 (proportionate distanceX
“oganthm diluton hctar)

- —18+{08X(—06)]

£

- —18+(-2)
. - —20 -
50 per cent neutrakzing end pownt =antiloganthm of ~2 ¢= 01

Dilution= 1100
b. Karber method

neutrabzing end pornte=

Logantbm 50 per cent 334834100
-3 o—[(—u & ( 0 s)]

—30-[(—06) 22~05)]
—30-[(-06)} (1 7))
—30+10

~20

0 per c
neulnlumg end powntmantiloganthra of 20= 01
dution= 1100
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1 IntrRopUCTION
A Clnical and Epidemialogic Considerations
1 Inapparent infection
2 Abortive, monparalytic, and spinal paralytic polomyelitis Bulbar
paralytic
Toeubatian geviad
Changes 1n the cerebrospimal fuid
Differential diagnosts
Pathogenesis
Dussermunation of the virus
B Characteristics of the Virus
1. Types of wirus.
2 Physical and chemical properties
2 Size and morphology
b Resustance to physical and chemical agents
3 Hostrange
11 Isotatrox ano IDENTIFICATION of PouioMvrritis Virus
A Precautions
B Sources of Matenal
1 Human autopsy mneml
2 Chimcal cases and cai
€ Callection of Matenial llem Pahmu and Carriers
1 Feces
2 Rectal swabs
3 Tharyngeal (or nasophary ngeal) washings
4 Throatswabs
D S\ongc of Material
1 Freezing
2. Glycerol
3 Lyophlluation
E. Shipping of Specimens
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attack, the so-called “minor” illness These asymptomatic infections and
minor illnesses are of importance in the understanding of the epidemi-
ology and immunalogy of poliomyelitis.

The mamn features of the vanious mamfestations of poliomyelitis mfection are
s follows,

1 Inapparent infection Associates of cases of pohamyelitis are frequently in-
fected without showng any chinical evidence of this process, and to a lesser degree
this Is true of other juvenile members of the community, Such infections are known
23 “mapparent,” “asymptomatic,” or “slent” and can be recogmized only in the
laboratory by the recovery of virus or the demonstration of an increase in serum
antibody.

2. Chnical forms of pakiomyelitis—a Abortive poliomyelitis The clmcal mani-
festations of abortive infections or punor illesses include {ever, headache, sore
throat, bstlessness, anorexa, and vomitng These illnesses usually fast for only 24
to 48 bours and are commener i children than in adults Abortive polomyehtis
cannot be diagnosed with certanty by clmcal methods A tentative diagnosis can,
bowever, be made on those patients who have been 1 close assoclation with a more
severe case of pohomyelitis For a positive diagnasis, laboratory methads are almost
esscotial

b Nonparalyic poliomyelitss This term refers to & more severe illness In
which definite manafestations of central nervous system Involvement are added to
those of the munor 1flness The symptoms indicate that the virus has produced fesions
within the central nervous system to a degree that they are clmcally detectable
Clinica) features nclude fever, headache, vomiting, pains In the back, neck, trunk, or
limbs, paresthesias, and stiffness of the meck or back. There is usually an increase
of cells and protew wn the cerebrospinal fuid The clinical features are simular to
those of benign aseptic memngitis, which may be due to a vanety of causes, among
which {s the poliomyehitis virus

These are the manifestations of what 1s now usually called the “major” {liness
of poliamyelitis, a term also used for the paralytic cases In some cases, especially In
children, iliness may occut in two phases, the minor follawed by the major Mlness,
this s the socalled “dromedary” type of polomyeltss, in which a few days of
well-being separate two bouts of fever, of about 1 ta 2 and § to 10 days, respectively,

The fambar puncture is of supplementary dsgnostic value in cases of pon-
paralytic poliomyehitis, but it may not be possible to make an accurate dugnosls
without resart to virologic or immunclogic tests

¢ Spimal paralytic poliomyeletis The major illness of pollamyelitis ks one which

may clear up completely within 4 to 7 days without paralysis, or it may becorne
more severe and develop into the classical form of paralytic poliomyehtis, Paralysis
usually develops after 1 to 4 days of the symptoms just described. The muscles
commonly paralyzed, in order of frequency, are those of the legs, arms, back,
thoray, intercostal region, and dupbragm Paralyns of the muscles of resprratian
may occur

d Bulder paralytic poliomyeting In this varlety of polomyehtls, there Is

pacalysis of one or more muscle groups fonervated by the cranlal nerves, especially
those of the soft palate and pharyns, and thus gives rise to dysphagis, dyspnea,
natal apeech, panalysls of the muscles of the face, tongue, jaw, and eye. Paralysty
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F Preparation of Materials for Inoculation
1. Nervous tissue
2, Feces and rectal swabs
3 Pharyngeal washings and throat swabs
G Monkey Inoculation
1. Species N
2 Care of monkeys
3 Routes of inoculation
a Intracerebral inoculation
b Intea-abdonunat inoculation
<. Intranasal moculation
4 Observation of inoculated monkeys
a Signsof expenmeptal poliomyelitis
b Autapsy of monkeys
¢ Crtena for a positwve result
H Tissue Culture Methods
1 Serorotic Discxosric ProcEbvREs
A Collection of Blood Specimens
B The Neutralization Test
1 General principles.
2. The intracerebral Lansing (Type 2) test in mice
3 Theintraspinal test in mce for Types 1,2, and 3 antibodies
4 The neutralization test in tissue culture
C The Complement Fication Test
1. Macro (tube) C-F technic
2 Plate C-F technic
IV IxTEPPRETATION OF Dracvostic Trsts CARRIED 0UT 0% Parments
A Diagnostic Value of Virus Isolation and Serologic Tests
B. Interpretation When Only C-F Results Are Avalable
V REFeRExcEs

1 INTRODUCTION

OLIOMYELITIS (infantile paralysis) 1s a common acute infectious

disease more often seen in children than in adults, which offers
serious problems to the public health officer. It is likely to appear in
epidemic form, particularly 1n the summettime Clinically, 1t is charac-
terized by sudden onset, with a short period of fever, headache, and
vomiting, and this is the extent of the clinical picture in the great ma-
jority of cases. On the other hand, in an appreciable fraction of the
cases, clinical evidence of myelitis occurs, often resulting in flaccid
paralysis of various groups of muscles,

A. Cimvicar anp Epmemiorocic CONSIDERATIONS

Tt must be strongly emphasized that peralysts is an infrequent com-
pheation of poliomyehtis infection 1 man and that most persons who
become infected either show no symptoms or develop a transient abortive
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week of the disease In the intestinal tract sts detection during the first 2 or 3 weeks
of convalescence 18 commonplace, and 1t may remain there until the 12th week
from onset or longer Nevertheless, 1t is suspected that the amount of virus excreted
per day by the patient is much greater in the early stages (Ist week) than later.
The extent of the chnical symptoms, or the degree of paralysis which & given
patient shows, has hitle beanng on the amount of virus which may be present 1n
the throat or the mtestinal tract, for muld, abortive cases harbor the virus in these
Sites as readuly as do the paralytic cases In fact, since the symptoms may be insig-
mificant, many so-called “healthy” carriers may actually be convalescent carriers
As a rule, within the same epidemic arez, mild cases and “bealthy” carrers repre-
sent the same age group as that which one sees among paralytic patieats, namely,
chuldren varymg 1n age from 3 to 18 and particularly children from age 6 to 12+
The patt which mild cases or carners, both convalescent and apparently healthy,
may play 1 the general spread of the disease 1s unknown, but 1t is probably con-
siderable

7. Dissemnation of the virus Poliomyelitis viruses are agents bighly nfections
for young children, which can probably be transmutted by a vanety of methods
All the evidence pomts to the fact that the most important means of spread 1s by
means of pharyngeal and fecal excretions of infected buman mdividuals As a re-
sult, pohiomy ehtss can probably be acquired by association with an nfected person
of such an intimate nature that direct transfer of virus to the almentary tract of
the susceptible person s made possible Under such circumstances, the importance of
virus 1n pharyngeal excretions is evident

Feces provide a nch and persistent source of virus As much s 1 million in-
fectious doses for monkeys can be detected in a gram, although smaller concen-
trations of virus are more often found It seems probable that poliomyelitss virus
can be as readily dissemmated by fecal contamnation as is bacillary dysentery
Since opportunties for the direct transfer of fecal contamunation to the mouth are
very {requent, it 1s readily understood that infection with polomyelitis virus is
eastly acquired

Sewage contains large amounts of virus when mfection occurs within the com-
munity served Polluted water used for drinking, bathing, and washing is therefore
ansk Milk, drinking water, or foodstuffs which are contamunated with virus con-
stitute potential vehicles of transfer, but here agan actual demanstrations that the
disease is spread in this way have been few Nevertheless, the fact that infection 15
acquired early 1 hle, and 1 so umiform m crowded sreas and communities with
poor sanitation and much fecal pollution of the environment, supports the likeh-
hood that these matenals are important and major sources of distnbution of virus
Conversely, In areas with less crowding and better samtation, exposure and mfec-
tion are reduced so that the dissemination of varus Is more sharpty Limuted

The role of flies ;n the dussemunation of poliomyelitis fs not clear, but they are
certamly not essentia), and there 15 no evidence that virus multiphes within faes
That flies can became readily contaminated with virus from infected feces and may

Age groups vary in different parts of the world, and the figures given above apply lo
tbe porthera half of the United States and to most of Europe In New England, as of 1953,
aleost 30 pee cent of the cases ure older than 15 years, whereas 1 Cairo, Exypt, 95 per
cent of the eases In the local fahabitants occur in infants belaw the uxe of § years,
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of the clrculstory and respiratory centers may develop with great rapidity and are
of serious proguosis. Practically all the deaths from paliomyelitis are attmibutable
to bulbar invelvement.

€ Encepholitic manifestations These may appear in association with any of
the other forms of the disease. Symptoms include mental clouding, ¢coma, and
tremors.

3. Incubation period This s usvally said to be about 20 days, but 1t Is prob-
ably shorter, 4 to 6 days, particularly when the earliest signs of illness are chosen to
mark the onset of the cisease. The range extends from 4 to 35 days

4. Changes in the cerebrospinal fand The cerebrospimal flud does not yield
the virus in the acute or other stages, but its examination for other properties affords
valuable confirmation of the chnical diagnosis, that is, by the detection of an in-
creased number of cells and of protein, In the gbortive type or in the minor illnesy
the spinal fluid is apt to be negative, but in the early stages of the major fllness,
whether it be nonparalytic or paralytic, there is likely to be au increase i the cell
count, which may range from 10 cells to over 500 per cmm, In the early stages, up
to BS per cent of these cells may be neutrophils, With the progress of the allness,
the cell count falls and lymphocytes predominate, The protein content fs often
elevated in early stages of the illness (that is, ahove 40 mg 56}, and may contlave
to rise (ta 500 mg. S or higher) for 2 to 3 weeks, even in the face of & normal cell
count, It is well to recall that some 10 per cent of the paralytic cases have a nega-
tive spinal fluid

5. Differentsal dragnosis The nonparalytic illness may be diagnosed tentatively
on the results of chimeal examunation, suitable tests on the cerebrospal flud (see

above), and a hustory of assomation with a paralytic case of poliomyelitis It must
be realized, however, that many other agents cause an aseptic meningitls that can-
not be jated from nonp: ic pol Jitis, except by special laboratory
tests that are only available in & bmited number of varus laboratories The com-
‘monest viruses causing aseptic menngitis simulating poliomyehis are the following

mumps, LCA, echo, herpes simples, herpes goster, and epidemic encephabitrs.
Certan Group B Coxsackie viruses have been Incriminated by various workers,
A considerable number of cases of aseptic menmngitis caused by Irptospira have been
reported In addition, in the initial stages of iliness it may be dufficult to differentiate
tuberculous or pyogemc memngatis from aseptic meningitis caused by viruses

6 Pathogenesis. Theoretically, the virus of poliomyehitis usually enters the
human body through a number of possible portals, including the mucesa of the oral
cavity, the upper or lower gastrointestinal tract, or conceivably the shin, It seldom
gains access to the central nervous system solely and directly by way of the nasal
mucosa and olfactory bulbs Once in the body, the virus shows affinity for three
areas In particulat (a) the intestmal tract (patticularly the lower ileum), where
it may survive for weeks, (b) the mouth or pharynx, where it survives for a shorter
peniod; and (¢) certain areas of the central nervous system, where 3t does the
greatest harm, The virus has been demonstrated in the bloed dunng the incubation
period and during the minor illness, but whether the blood stream is actually one
of the paths of transmussion from the alimentary tract to the central nervous sys-
tem Is not known, The varus, however, seldom remans 1n the blood for langer than
a few days Ta the buceal cavity or phasynx it seldom persists longer than the Ist




POLIOMYLLITIS 59

the viruses. In the electron microscope the virus appears as spherical
~particles of 30 mp diameter In purified preparations from tissue culture
fluids they tend to form crystal-like arrays.

b Resistance to phystcal and chenucal agents In contrast to many
bacteria, potiomyelitis virus is quite stable if kept moist and cold. It
remains viable at icebox in agqueous fons of feces
for months, and similarly in pieces of infected spinal cord stored in 50
per cent glycerol for years On the other hand, poliomyelitis virus seems
to be highly sensitive to complete desiccation even in the presence of
protein, glucose, or other similar preservatives, and even when dried
from the frozen state Resistance to heat is influenced by the nature of
the suspending medmum Thus, mitk and cream exert a marked protece
tive infiuence Even under conditions of optimal stability, however,
temperatures above 60° C cause rapid inactivation

Application of heat 1s probably the most practicable means of dis-
infection. Ultraviolet Light cannot be rehied upon to disinfect material
contaminated with poliomyelitis virus

Resistance to chemucal agents on the other band is remarkable
Optimal stability 1s about pH 8, but rapid inactivation is not cbserved
until below pH 2 or above pH 10 Of organic solvents, ether is without
destructive effect, alcobol and acetone nactivate the virus slowly, but
more rapidly at higher temperatures Such disinfectants as phencl and
formalin activate but slowly, and comparatively high concentrations
are needed However, stershzation of such delicate instruments as
bronchoscopes and catheters in formaldehyde vapor at S0° C. seems to
be practicable Owuidizing agents such as hydrogen peroxide and potas-
sium permanganate seem to be active chemical disinfectants. 0.05 pp.m.
of free chlorine 13 sufficient for complete mactivation of relatively pure
virus in 15 minutes, 10dine acts even faster, It must be pointed out,
however, that the critical concentration of all chemical agents is largely
dependent upon the medum 1n which they have to exert their action
Presence of organic matenal, in pamcular protemn or rlegmdauon prod-
ucts thereof, provides a fon aganst i
and, for this reason, no standard concentrations can be mentioned. Virus
present in the slowls of patients has been found to resist treatment with
chlanide of lime as recommended for disinfection of stools from carriers
of typhoid bacilli,

3. Iost range A chatacteristic property of {reshly isolated strains
of poliomyelitis viruses is their narrow host range. With Types I and
11, primates nre the only animals which ean be readily infected, whereas
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act for 1 to 2 weeks as mechanical carrlers has, however, been adequately demon-
strated. It has been suggested that 1n many areas, especially the more temperate
zones, the housefly is not commonly fnvolved, but rather the sarcophagids and
blowilies, On the other hand, where fresh excreta are a sigmficant source of mois-
ture, flies of the genus Afusca will also feed They can ingest virus or can be con-
taminated with virus and theoreti transfer 1t for by a
subject, Varus can also be recovered from cockroaches but, up to the present, biting
insects have not been implicated,

The p y may be that infected ti into
wounds, or introduced by injections made through contaminated skln, can be a
mode of infection

B. CHARACTERISTICS OF THE VIRUS

1. Types of virus. Three immunologic types of human poliomyelitis
virus have been identified, the prototype strains of which are: Brunkilde
(Type 1); Lansing (Type 2); and Leon (Type 3) Strains are identi-
fied as of a certain type by appropriate neutralization tests with known
antisera and by their abilty to induce the formation of type-specific
antibodies, The types seem quite distinct, and overlapping is usually
not observed This is true with hyperimmune monkey sera used in neu-
tralizing and complement fixation tests. When convalescent human sera
have been allowed to react with concentrated antigens, however, the
complement fixation test has revealed the existence of certain group
antigens

The majority of observations have indicated that outbreaks of epi-
demic proportions have been attributable primarily to Type 1 strains
Epidemies caused by Type 3 virus, however, have recently been de-
scribed. Type 2, alth 1 found in epidemics, has usually
been associated with sporadic cases.

2 Physical and chemical properties None of the characterstics
here to be described is strictly specific. Therefore, it is at present not
possible to identify a poliomyehtis virus by physical and chemical exam-
jnation alone, If, on the other hand, an unknown agent differs signifi-
cantly from the typscal pattern, its classification as a poliomyelitis virus
must be considered as doubtful.

a. Size and morphology. Information concerning these properties
can be obtained by electron mlcmgraphy, filtration end pont, and sedi-

diffusion rate d For practical purposes, with
new strains whlch have not been concemrated and purified, the filtra-
S 3o201 meamhensor caome

L. Masnany
dn::n:ter) of about 35 mp or less This marks 1t as one of the smallest of
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b Intestinal contents and intestinal wall,

In removing central nervous system tissue at autopsy, it is well to
have an assistant ready with stenile gloves and several sets of sterile
instruments or at least with facilities for reboiling the same instruments
frequently.* Favored sites for virus are* the medulla and cervical and
lumbar sections of the spinal cord, matersal from these areas can be
Placed in a sterile petri dish A convenient size for these pieces is 2 cc.
The cauda equina 1s not recommended as a source of virus Other ap-
propriate sections of the cord may be placed simultaneously in fixing
solution for subsequent histologic study

2 Chnical cases and carriers, Poliomyehtis virus has been isolated
frequently from-

a, Feces

b. Rectal swabs; some fecal matenal should be obtained on the
swab, 1f possible

¢ Pharyngeal (oro- or nasopharyngeal) washings

d. Throat swabs

A common, reltable source for virus is human fecal matenal because
poliemyelitis virus seems to remam longer 1n the mtestinal tract than
elsewhere within the body Thus, poliomyelitis virus has been isolated
from feces during the incubation pertod, the active disease, and con-
valescence Nevertheless, the optimal time for collecting specimens is
early in the course of the infection. This apples to paralytic, non-
paralytic, and abortive cases Virus may also be recovered from persons
suffering from inapparent infections Such persons are often present in
assoctation (an both time and place) with known cases of poliomyelitis

The virus 1s usually not found 1n spinal fluid but has been detected
in the blood during the 1ncubation period and during the “mmor ill-
ness” or first phase Blood 1s not a favored material for isolation, however,

C. CorrectioN oF MaTERIAL FROM PATIENTS AND CARRIERS

1 Feces A 15-to 25-gm specimen s desirable Small wide-mouthed
jars or heavy paper cartons are useful as containers The specimens
should be hept frozen or at least kept cold until tested.

2 Rectal swabs Tf a stool specimen cannot be obtained, a rectal
swab is often a useful substitute However, the chances of isolating virus
{rom a swab are less than they are from a fecal specimen, To obtain the

* The main reasons for mamtaining sterlle tochnic fs that If the central nervous sys-
fom tissue [5 10 be used 1mmeduately Cor If it s to be kept in the frozen state) for totra.
€ercbral monkey inoculation or for tissue culture woculation, the chances of bacterial
contamination are minimized
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with certain Type 11 strains, rodents (cotton rats, hamsters, and adult
and suckling mice) can be infected as well. The adaptation of special
strains of Types I and III to mice has, however, been recently accom-
plished althovgh this procedure has not been easily done,

The growth of poliomyelitis viruses in tissue cultures is considered
in a separate chapter.

If. ISOLATION AND IDENTIFICATION OF
POLIOMYELITIS VIRUS
The directions covered in the following sections (11, A to F} can
be applied to material to be used either for the inaculation of animals
or tissue cultures, Section G is concerned Jargely with the technics of
animal fnoculation and Section H with those of tissue culture,

A, PrecauTioNs
Isolatson of poliomyelitis virus from human and other sources usually
requires a team of 2 or more workers, and their work is not without
danger, for lhe percentage of laboratory workers who have accidentally

acquired pi yelitis within the lat v is iable, For obvious
reasons, theretore, the use of sterile techrics in handhng infective mate-
tials is datary. Gawns are ded, and, for certain procedures,

gloves as well. Persistent vigilance is necessaty on the part of the direc-
tor of the team engaged in this work if the individual members are to
follow consistently the recommended sterile technics,

B Souwrces or Materny

Poliomyelitis virus can be isolated by monkey inoculation and by
tirsue culture inoculation, using materials from man and such extras
huwnan sources as sewage and flies, Human fecal matenial provides the
tichest and muost available source. Even if the most careful technic is
followed, however, it is a common experiente to encounter negative
results, If human material is being tested, the chances of a successful
isalation are greater if the matenal is obtained early in the disease
(within !he ﬁrst 7 to 8 days), datmg the onset of the disease from the

focma AT L — s af Gimalane

infection.
1. Human auiopsy matenat {rom which the virus has been frequently
isolated includess
. Spinal cord, medulla, and pons, provided death of the patient
has occurred swithin 7 to 10 days from the onset.
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5) Do not allow the tissue to remain untested any fonger than is

necessary.

‘This last statement might be qualified with the camment that, as
50 per cent glycerol acts as a slow bactericidal agent, there is some
virtue in allowing b i h i to remain
in it for a few days before they are inoculated. Although poliomyelitis
virus kas been known to survive 1n 50 per cent glycerol for many years,
it has also died aut in this medium after a few months or even weeks,

3. Lyophdization, Poliomyelitis virus is usually destroyed by dry-
ing, even from the frozen state. Although lyophilization as a method of
preserving p yelits has been ac i 1n the presence of cer-
tain stabilizers, (g) 10 per cent monkey sera and () mucin, the results
are irregular, and the method is not recommended for this purpose

E. SIIPPING OF SPECIMENS

1f frozen matenal is to be shipped short distances, it should be sent
in a proper container, this may be an insufated box contaning dry ice
or within 2 well-packed thermos flask contamning dry ice Special care
in packing thermas bottles is essential, or breakage may easily occur.
The necessity of keeping ail specimens cool probably varies with the
circumstances.*

More practical for shipping is the use of 50 per cent glycerol. Autopsy
specimens, stool specimens (when small in amount), and the sediment
Irom rectal swabs, oropharyngeal washings, and throat swabs may all
be sent at room temperature in 50 per cent glycerol For these it i3 con-
venient to use small, wide-mouthed bottles with tightly stoppered or
capped otifices and, for safety’s sake, the top of each bottle may be
wrapped with several layers of waterproof tape Before prepanng such
material for inoculation the fragments of tissue or particulate matter
should be washed several times in saline solution to remove some of the
glycerol

F PREPARATION O¥ MATERIALS FOR INOCULATION

1. Nervous tissue Weighed fragments of medulla or spinal cord
(1 to 2 gm. are usually sufficient) are placed in a sterile mortar con-
taining a small amount of sterile abrasive (alundum or sand), and this
material {s then ground with enough sterile water, not more than 1 or
2 ml. at first, to make it mto a fairly thick paste, Grinding is usually

# Aetually, the survival time of poliomyetitls virus fo buman stools &t room Lempers-
ture ts unknown, bat the vims doey remaia viable [n this medium for several weeks at
relrigerator temperature {0~4°)
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best results a moist, sterile swab is inserted well into the rectum and
rubbed about until fecal material is shown to be adhering to it. The swab
is then replaced in a test tube containing 1 ml, of sterile water or broth
Tt 15 important that the specimen be tested promptly, or kept frozen or
m glycerol,

3. Pharyngeal (or nasopharyngeal ) washings. Various types of irri-
gating flnd such as sterile distilled water or broth may be used to
obtain nasopharyngeal washings from patients or suspected carriers of
the virus, The irrigating fluid is introduced into the patient’s mouth,
either from a drinking glass or through a large glass syringe without a
needle attached. The patient is then encouraged to gargle the material,
which can be collected in a sterile drinking glass or small basin The
procedure is carrted on over a period of at least 3 minutes, using the
same fluid repeatedly. The amount of washings is kept under 30 ml.

4. Throat swabs. Matenal is obtamed by rubbing the oropharynx
vigorously with 2 stenle cotton swabs, which are immediately trans-
ferred to a test tube containing 1 to 2 ml of sterile water or broth. The
specimens should be tested promptly or kept frozen or m glycerol.

D. STORAGE OF MATERIAL

Material awaiting testing or shipment may be held for short periods
at refrigerator temperature: 0—4° C. For longer storage, it should be
frozen or kept in 50 per cent glycerol

1. Freezing, Ordinary glass test tubes that contain more than 1 ml
of fluid are liable to crack when frozen, so, if fluid material is to be
frozen, 1t should be placed 1n a special container, that is, either in nitro-
cellulose tubes or thick-walled glass Freezing is accomplished
by placing the tubes in the freezing compartment of an electrically
driven refrigerator, or in a specially constructed insulated box contain-
ing dry ice (carbon dioxide snow), which may maintain a temperature
of from —20° to —70° C. For the preservation of poliomyehtis virus,
unlike certain other viruses, temperatures below —20° C are not re-
quired

2. Glycerol. This is a time-honored, simple, and quite practical
method of storing tissues or material containing poliomyehtis virus.
Only the purest brands of glycerol available are desirable for the preser-
vation of poliomyeltis virus, The glycerol should be mized with an
equal volume of physiologic saline solution before being used.

Some points with regard to the use of glycerol are.

) Do not put more than 4 or § smalf pieces of tissue in 50 ml




POLIOMYELITIS 65

2dded as » bactericidal agent* together with pemcillin and streptomycin
solution to make a final dilution of 500 units and 500 gg per m}, re.
spectively. The etherized suspension is kept in a stoppered contamer
in the refrigerator.

A sample of Part II (5 to 10 ml) is placed in a small centrifuge
tube within the centnfuge cup in the icebox to chill the specimen. In
order to remove bacteria, it 15 again centnifuged at 4,500 rpm., or at
speeds up to 18,000 r p m. (forces about 20,000 times grawvity), if such
are gvailable, for 34 to 1 hour. From the supernate of this specimen, 3
ml. are drawn off and, of this, 0 1 ml. is cultured on a blood agar plate
This specimen, Part II1, is employed for inoculation of tissue cultures,
the dose being 0.1 to 2 0 ml. per culture. If 1t is to be used for intra-
cerebral (i ¢} inoculation of monkeys, it 1s set aside 1n the refngerator
If the growth of bacteria (after 24 hours) m Part IIT is mimmal or
absent, the fluid below the layer of ether is removed and 1s then 1nocy-
lated intracerebrally, in an amount not exceeding 1 ml, or intraspinally
with not more than 0.2 ml

The same monkey may be noculated intra-abdominally with the
residuum of Part II--using an inoculum of not more than 10 to 12 m]
The concentration of ether (15 per cent) and antibiotics used in Part 11
is usually but not always sufficient to destroy or diminish the number
of bacteria tn the suspension to permit the intra-abdermunal injection of
10 to 12 ml without fear of inducing fatal perstomtis. ’

Rectal swabs If only the washings from a rectal swab are available,
the volume of material will be small, but can be diluted up to 3 to § ml
The cotton swab should be transferred aseptically to the barrel of a
stenile 1 ml. syringe, and 2 or 3 ml of diluent added (buffer at pH 8)
The piston of the syringe is now inserted into the barrel and the virus
eluted from the cotton by pressing the piston firmly imto the barrel.
Elution can be made complete by taking the diluent into the syringe
and expressing 1t agamn in several cycles Antibrotics are added, and the
suspension is otherwise treated as in Parts II and III and used for
inoculation of tissue cultures or intracerebral ioculation of monkeys.

C of virus by The virus contuned i feesl
suspensions can be concentrated and separated from much extranecus materal by
the use of the ultracentnfuge A larger amount of fecal suspension is prepared as
for Past 111 above, and 10 10 100 ml., dependiog upon the avadability and degree
©of concentration desired, are spun 1n the ltracentniuge for 60 minutes at 39,000
Fpm. (106,000 bimes gravity) The supernate 1s discarded and the virus-containing

0
cotted! 1B materlal s 10 be Inocolated Into Lssue caleure the addiuon of ethec can te




64 DIAGNOSTIC PROCEDURES

done for at least 5 minutes. Sufficient cold, sterile, distilled water is
then added to make a 10 per cent ion, and to the sup t
fluid antibiotics are added to yield a final concentration of 500 units of
penicillin per ml. and 500 pg. of streptomycin per ml. The suspension
is then transferred to a cold centrifuge tube, where it is spun at low
speed (2,000 r.pm } for S minutes The supernatant fluid will be opal-
escent but should contain no particles large enough to plug the lumen
of a small needle. It is advisable to make up from 10 to 15 ml of sus-
pension so that some of the material may be kept frozen for possible
future use,

2, Feces and rectal swabs. Relatively large (25 to 50 gm) speci-
mens are sometimes desirable but not essential, In preparing this ma-
terial for inoculation, various procedures may be used, none of them
is foolproof, and any lab y that 1s begi: to do work in this
field may expect to encounter difficulties which may be overcome
through a process of trial and error.

Primarily, it may be desirable to divide the origmal specimen of
feces (or fuid from the rectal swab) in half, the 2d half being kept
frozen or in the icebox for future use, m case the test is unsatisfactory
or in case there are other reasons to retest the specimen

The procedures are designed to kill or remove bacteria from the
material containing the virus The extent of treatment is determined by
whether the matenal 1s to be inoculated into tissue culture or into mon-
keys and, i the latter, by what routes Another factor to consider is
whether the virus-containing fraction should be concentrated prior to
wmoculation so as to increase the chances for 1solation.

A method which has given satisfactory results 1s as follows. a 10 or
20 per cent suspension 1s made from the stool specrmen in cold, sterile,
distilled water 1n a tightly stoppered 250 ml. flask contamng glass
beads, * after frequent shaking, the specimen is allowed to settle i the
cold, The supernatant fluid 1s then poured off nto another stoppered
flask, and 1t is agamn well shaken and allowed to settle From the super-
nate of the second flask, the material ts divided nto two parts, I and I,
generally amounting to between 20 and 25 ml each

Part I (20 ml, untreated with ether) is kept in reserve at icebox
temperature,

Part IT (25 ml) 1s immedately centrifuged at relatively low speed

(15 minutes, 2,000 rpm ) and, to the supernate, 15 per cent ether is

T The sddition of 20 mg of phenol red per | of water is recommended The andicator
desigaates those specimens which may be cylotonic for tissue cultures because of exteaor-

dmary pH values
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Fuy 1), When &ept in small cages, howexts, they thould be let out and exerised
daily. Monkeys confined, within small rages for 2oy lingth of time wathout ade-
quate estrcise often develop suffftess and atrophy of the lmbs—so-cafied cage
paralysis Mare than once this cage paralyss has been mastaken by inexperienced
warkers and others for experiments! pohiomy ehtas

‘VUnderstandable obsections have been ratsed to the practice ol allowing taocu-
lated monkeys to exerase 0 a common 3t briwten 5nall cages, brawse of the
possible chances of crossunfection betnern antmals This objection may be Justsfied
In the case of monkeys and ch: for wnth the m
pasticular, tnfection can be easdy mduced by oral admunistration of the virus, and
1t can be scquired actidentally t the Jaboratory But over ¢ peniod of 40 some
years of poliomyehtis reseanh 1 which it has beea fommon practice ta aliow
more than owe shesus monhey Per cage, spontantous mizttions o} this species wath
pobomyelitis virus seern to have occurged with ranty

On arenal sn the faboratory, new monkeys, frosh frome the dralers, ahoutd be
placed m spectal cages for obsersation Those 1 paor condstion should be lsolated
or eluunated, espeviatly those with diarthes, skun diseases, malnutsitson, and cough.
It &3 always advisable to observe monkeys Jor a perad of mbout 10 days pras 1o
their fpoculation Duning this period a certain smovnt of condsoning of the shunal
<an be practiced, and those whiell are 100 2t gone c2n be wersford Weak and slck
anmaals suflering from malovinuon, dirrlies, etc, sometises make & yemarkable
(bt slow) rtcovery of properdy wolsted and Dren antbitics and a good diet

b Tubercuhn tesung If the animals Bave not been tuberculinfested before
thesr arnval in the laboratory, st s go0d prattics 10 carry out Uns tast This ts
done accordiog to Schrocder’s test, Witk 1 mg DT {eld whereahin), vang the
upper or fowsr evehd as the ste of the wnocvlation Mankeys with positive evl-
dences of tuberculasss should be shmnated immediately for at feast three seasory
{a) they mav die wathun 5 weeks, (¢ they may spread the dusase to piher mem-
bers of the monkey colony, and (c) they are a patenual source of danger to fabora-
tory personnt] mnce they are often wmiected with buman tpes of tubercle bactic

& et The dict used 1 our laboratortes fansisty maimdy of crackers specially
drugned for feeding samals We have used Pusssn chow, bt these amaft peliets
Gl through the lalse bottom of the cage whare they afe muther Jost ac became
contamunated wwwh excrets The “chimerackee” of “Lafespan ' dog biscwsts, because
ot thelr larger mze (approamately 3 by 2 by 1 utches}, have proved more satis-
factors Same af the satusfactory monkey Aucts wre lited brlow

Sasisractory Diets ror Monxers

1 Supplicd by The hennel Food Supply Ca, Faufictd, Connecticut

The chimeracker formula contauns cwelve gredients and conugts of 3d elesr
wheat flour, 408 per <ot soybean meal, 15§ ped cent, cornmes, £7 ar zent,
Eround wheat, 4 4§ per cent, powdered skimmed mutk, 435 per cent, ground rans,
455 per xent, banc meal, 488 ptr ml salad o, us Pef ernl, molasses (black
Atrapy, 3§ per cent, salt, 6 per o whest germ, Pet cent, brradisted yzu‘.,
YO her ret  simple seatisg vichded e ta"omng srotemns, 213 per ceot; nu.
B per cemh, Carvens drates, 33 } pe vemt, b, B per cent Fhosphorus, 09
cent <ot 3.6 ger cent, and lrom, 0075 08 2ent

* Sapned by Lilegan Nanons) Canine Products, 1133 McDosald Ave.

Trookdsn 30, ew York,
The compantion af ¢he biscut is woutar 0 Vohucraches
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sediment is taken up in 1 to 3 m] of sterile water. This suspension is prepared for
inoculation by centnifugation for 30 minutes at 4,500 rpm, (or 20 minutes at
18,000 rpm) to remove extrancous debris in the sediment, and antbiotic added
as above, While this method is more delicate and valuable for special studes, its
use is not mandatory, and therefore an ultracentnfuge is not considered an essen-
t1al part of the usual poliomy elitis laboratory's equipment

3. Pharyngeal washings and throat swabs. The washings are trans-
ferred to a sterile flask containing glass beads, the flask is tightly stop-
pered and shaken for 10 minutes If tissue cultures are to be inoculated,
the suspension is subjected to centrifugation at 4,500 to 18,000 rp.m.

for % to 1 hour and i added as indicated above, The inocul
is 01 to 2 0 ml. per culture.
It ) are to be i , the onginal jon alter a pre-

liminary shaking is subjected to light centrifugation, 2,000 r p m. for 10
minutes, 10 per cent ether and antibiatics are added ta the supernate,
and the suspension is allowed to stand in the refrigerator overnight. On
the following day, the treated matenal is inoculated mtracerebrally
in 1 ml amounts. The intracerebral i may be suppl d
by an intra-abdominal injection of 10 m! of the etherized suspension.

Throat swabs are treated in the same way as outlined for rectal swabs.

G MoNkEY INOCULATION

1 Species The following species of monkeys have been most often
used in poliomyelitis work:

Bfacaca mulatts the rhesus mookey, usually from India

Macaca cynomolgus and/or 1rus or mordax the cynomolgus (or Java) monkey
from the East Indhes, Phulippine Islands, or Malaya

Cereopithecus aethiops sabaeus and griseatwridis: the green Alfrican and grivet
monkeys from West and East Aftica.

Ceveoprthecus aethiops centralis the vervet monkey from West, Central, and
South Afriea

Cebus eapucina the ringtall or capuchin monkey from South America

Of this senes the thesus monkey has been most widely used One, 2, or 3 mon-
keys may be used for testing each specimen Tt 13 considered conservative practice
to use a single amunal
2 Core of monkeys In the proper care of animals the selection of the care-

wu:dov\s are protected and proper measures have been taken to prevent access to
tuding places or the ready escape of the ammals into other parts of the laboratory.

2, Caging The placing of many ammals (that 1s, 5 or more) in a farge cage
is not recommended Opporturities for the spread of disease can be reduced con-
<iderably #f ammals are Lept m small numbers (not more than 2, if possible) in
emaller cages—a useful size being about 36 inches by 36 Inches by 30 inches (see
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depends upon cf and obgectives The intracerebral
route is the most rehable, but 1f the snoenlum contains an excess of
bacteria, the tacculated monke) wmay succumb with a brain abscess be-
fore 13 acquires experd 1 fitis The pinal route is deli-
cate and sometimes yelds a quxcker answer, but the size of the inceulum
Is pecessanly small. The rmtranesal route ss Sess seliable and not das-
gerous to the antmal but 1s cumbersome and tume-consuming The intre-
abdominat route is also less rehable but 1 simple and sale and is often
used as an adfunct (o the other two rovtes

a Intracerebral mnocmiotion The monkey should be anesthetized,
the bair may be chipped away trom the top of the head, and this area can
then be shaved The site of inoculation 18 the central area over the
frontal Iobe on the right or left sude The skun over this arey should be
subbed well with todime and aleohol Trephiming of the stull can be
accomplished by using a sharp wistrument (half of a pair of scissors is
sausfactosy), which will bore a hole 1 to 2 mm in diameter, through
which 1 m! of the suspension to be tested can be injected intracerebrally
it is common practsce to mject 1 ml or Jess, 1o a depth of about | cm.

Tor fecal matenal, the wtracerebral route of inoculation {alene or
1n combination with other routes) has been mote successful 1n some
bands than 1 others The danger of the intracerebral method is the
ease with which eertan fecal suspensions may give vise to a brain
abseess in the moculated mankey

1 1t 1s tmpurtant to try to demonstrate vieus by 2ll posoble means,
the ammal may be ressoculated mtragerebeally with the same matersal
atintervals of 1, 2, or 3 weehs Cortisone injections have also been used
1o tender the ammal more susceptible

b Intraspinal wnoculatien The monkey 15 anesthetized, and inocu-
lated 1n the lumbar region of the spinal cord, using 3 Ko 20 gauge needle,
“The ineculum should not be larger than 01 10 02 mt, thus minmizng
the chance of damage to the cord, whsch might grve vise to 3 traumatic
paralysis The weubition period 15 sharter than by other routes—the
median fength being about ¢ days

¢ Intrg-abdominel socutation This 15 carred out sn conventional
{ashien The usual dose 1s S to 12 mi

d. Intrgnesal yatdlation In carrying out intranasal instflation, it
is of value, but not essential, to have the monkey partly anesthetized
with ether. The 2 ml of inoculum 15 allowed to drop directly into sach
nastnl from either 2 ppette or $rom 3 Saisly Jarge syxinge with a blunt
needie attached. During thus process it 1s advisable to hane the monkey
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Each monkey 1s fed as many biscuits as it will eat per day (generally 2 ar 3).
Since they do not contain adequate vitamin C, it is important to supplement the dist
by tbe addition an alternate days of 25 mg of ascorbic acid to the drinkmg water,
to which a small amount of sugar 15 also added As an extra precaution, about
once per week each anumal teceives some fresh fruit, generally an orange Raw
peanuts are gnen several times per week also They may be mven as a reward to
1he monkey for jumping out of its cage, around the runway, and back fnto its cage;
monkeys are traned more quickly this way The use of peanuts ix alio an aid in
the ciagnosis of experimental pohomyehtis In contrast to monkeys with bran
abscesses, those with pohomyelitis, regardiess of seventy, slmost never lose thelr
avdity for peanuts

Swk and malnourshed ammals may be given supplementary diets: bread
with muk and bamanas, oranges, and carrots If necessary, Buid intake can be

d by the of saline i

d Marking of ammals Tattooing numbers on either the shaved head, fore-
head, ot chest (or other aveas) is & useful way of labelng monkeys One also per-
forms & service to fellow research workers by using this method, for, 10 spite of all
efforts, used laboratory animals may find their way back to the dealers and wall be
resold presumably as unused animals unless they are marked with a characteristic
fatt00 nutber,

Another cormon method of labeling a monkey, which is far less satufactory,
is to place around the neck of the amimal a collar and ¢bain to which a metal tag is
sttached Care should be exercised to see that the tag does not becotme detached
and that the chan or collar does not injure the skin of the neck

3. Routes of inoculation of test monkey The choice of route of
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Even in the absence of signs, it may be wise to sacrifice the animal
routinely at the end of the 30-day period of ehservation, It js not good
practice to use the animal over again for polhomyelitis inyestigation

b. Autopsy of monkeys An animal to be sacrificed can be killed by
the injection of ether into the heart, The large blood vessels of the neck
are cut, and the blood sllowed to drain from the mankey. Before incising
the skin, the far of the back and head of the animal should be swabbed
down with fysol solution. The brain and cord are removed first, using 2
or 3 changes of sterie mstruments It is useful to remose the cord with
the dura intact and then to open the dura with sterle scissors and
forceps Seseral sections are taken from 3 levils of thas cord (cervical,
thoracie, and lumbar) and from the medulla. One of each 15 placed in
fixing solution fec evential histalogie study, aed several of each ate
kept {or passage or storage, either frozen ot m SO per cent glycerol,

¢ Criteria for a posstive sesull. The most impertant evidence of
the experimental disease 1n the monkey hies in the histologie examina.
tion of the sections taken from the spinal cord Some ammals may bave
failed to develop signs of evperimental mfection during hfe, but lestons
of the discase are found in the central nervous system, ustally less ex-
tensive than in paralyzed monkeys The lesions should be unequivocal
before a posstive duagnosis of miection with polumyelitis virus 15 ac-
cepted. Such lesions ave generally mamfest i the gray matter of the
smnal cord, wvelving 1 parucular the ganglion cells 1 the antenor
borns, The lesions pass through several stages, but at their height, and
later, are characterszed by destruction of neurons and nevronophagia
and, preminently, by pernascular and interststial round-cel} anfiltration

In the bran, lestans are not Likely to be extensive and may be scat-
tered, often 1n the base of the brain and with some selecty ity for the
motar cortex Such cercbral lesions are not comvincing evidence of polie-
myehus unless more lestens are also found n the wedulla and other

levels of the cord By adherence to thus rule, ane will less readily con-
fuse expersmental palomyelitis with other types of encephalomyelitss
o axeas of nflammation surrounding a bran abseess or brain infury
should be recalled that occasronally viruses other than pohum)elms
nay gie nse to a myeltis when i
1t may be wise 10 pass the stramn of virus m tissue culture :md test its
specificsty by subjecting # 1o neutrahzation with the three types of
poliomyeliis antsseta, of 1o pass the stran (o another monkey for con-
frmatory evidence Under certain carcumstandes, it may also be wise to
test the strasn intracercbrally in adult and suckling mice, hamsters, cot-
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beld underneath a fixed glass plate by an assistant, so that splattering
of the infectious materal can be somewhat controlled, 1f the glass
plate is nat available, the operators should wear goggles and cellophane
masks, Instillation of material is advised to be carried out daily over a
period of 3 to 6 days

4. Obscrvation of snoculeted monkeys.

a. Signs of experimental poliomyelitis. Mopkeys inoculated with
material suspected of poli litis virus should be observed
for at least 4 weeks from the time of the last inoculation, and daily
records made of the observations (see Fig. 2). It 15 good practice to
examine and exercise the animals daily during this period. By this
method, such early signs of poliomyelitis as tremors, ataxia, and weak-
ness of the limbs can be detected, and the animal can promptly be sacri-
ficed at an appropriate time if a strain of virus is desired. The further
value of daily examunations is bzsed on the fact that soon after an intra-
cerebral or intraspinal inoculation, the animal may get a spastic paralysis,
often manifest as 2 hemuplegia caused by an upper motor lesion, or a
flactid paralysts, resulting from the local trauma or necrosis of the brain,
or the cord, respectis ely. It 1s 1mportant not to confuse these Jésions with
flacrd paralysis resulting from a poliomyelitis virus infection.

It is desirable to bave temperature readings taken daily, preferably
at the same tme each day, using individual rectal thermometers which
are sterilized in a strong disinS (10% formalin), between use.,
This precaution is recommended since thermometers may become corn-
taminated with poliomyelitis virus, The use of a common unsterilized
thermometer in a monkey colony has also led to the transmission of
tubercufosis via the rectum. The usual rectal temperature of rhesus
monkeys varies from 102.2° to 103.5°, but temperatures up to 104°
are not particularly abnormal. The onset of the experimental disease
{induced with human strains of virus) may follow an incubation period
of from 3 to 25 days. This 1s usually, but by no means always, heralded
by a rise of temperature to 104° to 106°. Fever 1s maintained from 1 ta
6 days, during which the development of other signs may appear quickly
ar stowly, These consist of ruffied fur, nervousness, tremors {often first
noticeable as a fine tremor of the ears), ataxia, and finally weakuess, to
be followed by definite paralysis most easily detectable in the extremi-

ties, but it may involve the face, neck, or back, With the development
of considerable paralysis there is usually a precipitaus fall in tempeca-

ture,



POLIOMYELITIS 73

Blood specimens should be-drawn with sterile precautions as for a
blood culture, It is desirable to obtam 15 to 25 mt of fasting blood for
each determination * The serum should be drawn off about 2 hours after
clotting. If it is not possible to separate the serum at this time, the bloed
should be placed in the refrigerator at 4° C as soon after collection as
possible, and the serum removed within the next 24 hours. The serum
should be centrifuged, 1f necessary, to remove traces of erythrocytes,
and should be kept in the refrigerator The addition of a preservative to
the serum 1s not recommended If there is to be a delay of more than
a few days before the tests can be performed, the sera should be
frozen, A commercial freezer set at —20° C. is adequate, or a solid car-
bon dioxide freezer may be used. The last-named 1s particularly con-
venient (or use 1n the field and for transportation of frozen specimens If
there is to be a constderable delay before testing the sera, or if they must
be held or shipped at room temperatures, lyophilization may be used.

B Tue NeuTrALIZATION TEST

‘This test as carned out with poliomyelitis virus in mice has been
supplanted i many laboratories by the use of tissue cultures for the
purpose (see Chapter III), but the directions for the mouse test have
been included for those to whom tissue culture facilities are not avail-
able, The use of monkeys 1n the performance of neutralization tests with
poliomyelitis virus is no longer recommended A broad experience has
accumulated over the past 15 years with the intracerebral test in mice
for Lansing (Type 2) antibodies (section I11, B, 2). Recently, with the
adaptation of Type 1 and 3 strains to ruce, an intraspinal test for Type
1 and 3 antibodres has become available (section III, B, 3).

1 General principles, The prnciples of the neutralzation test sre that specific
protective, or virus-neutralzing, antibodics can be measured by adding serum con-
talning them to virus and then injecting the mixture fnto a susceptible experimenta)
animal, or preferably ito a group of such animals The faflure of the animals to
develop the disease which s acquired by the control anunals receiving virus alone,
or virus plus a serum free of the antibody in question, 13 proof of the presence of

antibodies In work, the vz mixture may also
be inoculated into tissue culture, and failure of virus to grow is indicatlve of neu-
trahzing antibodies The level of such antibodies can be determined by using 3
constant amount of virus and faling dilutions of serum or by employing a con-
slant amount of serum and senal dilutians of vires For chnical diagnosis, one must
be able to show a sigmficant nse in antibody titer dunng the course of the infec-

o crrtaln purposes 04 o] saenples may de necessery Thus amount cea be taken
by puncture of the fingertips, heel, or eat Jbe The 0 1 mI of whole blood s asplrated It
2 calibrated pipette and transferred 1o & vis} cootaloiog 0 1 m! of an anticoagulent
(beparin) or J mt of Latanced saltsolutron 3
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ton rats, rabbits, and guinea pigs If these animals develop encephalo-
myelitis it can be anticipated that one is either not dealing with
poliomyelitis virus or, if adult mice alone are infected, that one is deal-
ing with one of the Type 2 (Lansing) strains of poliomyelitis vitus. This
possibility can be quickly determined by further tests, including attempts
to type the virus.

A megative result should be recorded if the animal fails to show
lesions in the spimal cord of the type requusite for a positive diagnosis
In general, the failure of the inoculated animal to develop any appropri-
ate signs during the period of observation is a fair indication of a nega-

tive result, but nonparalytic and app Iy p ic experi-
mental poliomyelitis may occur in a small percentage of inoculated
monkeys

An incomplete or unsatisfuctory result is recorded if the inoculated
monkey dies from some cause other than poliomyelitis before the 30-day
period of observation is lete. An agent ind to monkeys pro-
duces at times cettain histologic changes, but these are ordmarily not
confused with the lesions of poliomyelitis

H. Tissue CuLTUre MEeTHODS

Advances in this field have been so extensive in recent years that 2
separate chapter in this book has been devoted to a description of tissue
culture methods and uses. While these are based essentrally on work
with poliomyelitis, they have been applied to other viruses as well

IIf SEROLOGIC DIAGNOSTIC PROCEDURES

Antibodies may be determined for a number of reasons, including
their use mn epidemiol and chmeeal d is In acute cases, neu-
tralizing and complement-fixing antibodies may already be present at the
time the patient is admitted to the hospital (2 or 3 days after the onset
of the major illness) The relationship of antibodies to infection is indi-
cated by their quantitative increase during the stucceeding few weeks.
Presumably the responses to types other than the one causing the current
infection are due to broad antigenic groupings.

A CoLLECTION o¥ Broop SpECIMENS FOR NEUTRALIZATION

#xp Comprement Frxaron Tests

For epidemiologic surveys, a smgle blood sample from each person
in the study suffices, for clinjcal dragnostic purposes 2 or more serial
samples of serum are d ble if antibod:es are to be ad Iy tested
and evaluated. These should be collected as follows: (g} as soon as pos-
sible after the onset of iliness; () 3 to 4 wecks after onset, and
(c) later, 1f mecessary for special study
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is multiplied by 0 5 and the product added to that nearest dilution which
gave over 50 per cent mortahity

e. The ion sndet 15 the of the ratio of the virus
control LD, titer over the LD, titer of the serum-virus mixtures in
which virus has been added to undiluted serum. The Joganthm of the
LD, titer of the virus control minus the logarithm of the LD,, titer
of the serum-virus mixture equals the loganthm of the neutralization
index, The hm of this equals the i} m-
dex A neutralization index of less than 10 1s considered to indicate the
absence of antibodies

f Screening fests for poliomyehtis antibodies employ a constant
dose of virus and 1 concentration of serum (either undiluted or prefer-
ably a 1.5 dilution)

g Q it tests for pob usually employ a
constant dose of virus (32 to 100 LD,,) and varying dilutions of serum
(for example 1°4, 1316, 1 64,1 256, and 1 1,024) An example is given
1n Table 9, on page 48

h. Interpretation. As neutrahzing antibodies for many viruses per-
sist for long periods, 1t 1s essential to demeonstrate a rise 1n titer n
paired sera, 1n order to estabhish a causal relationship betmeen the virus
and a given illness Such a positive test 1n a single specimen may be the
result of an earher and perhaps subclinical wfection and 1s useful for
epidemiologic purposes, but not for climcal diagnosis of the acute dis-
ease. For diagnostic s:igmificance, the increase 1n neutralization 1ndex
during convalescente should be at least 100 Because poliomyeltis
antibodies are usually already present mn acute phase sera, their increase
duning the course of the disease 1s more readily demonstrated by using a
constant amount of virus and varying dilutions of serum

2. The intracerebral Lansing (Type 2) test en puce An example of
a simple method which has been used by severa) workers for antibodies
to Lansing (Type 2} poliomyehtis virus may be cited This test 1s run
to see whether the individual from whom the serum has been taken has
or has not been previously exposed to and infected by an agent which
gives rise to Lansing antibodies It is in essence a screenmng test, which
18 adequate for certain epidermologic purposes

a. Virus The stock virus pool, obtained from the brains and spinal
cords (CNS) of infected mice, should have an LD, titer of not less than
1073 by the intracerebral route in mice (at least 3 weeks old) from the
stock to be used 1n carrying out the neutralization tests A control titra-
tion s carried out with each neutralization test.
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tion A positive test in 2 single sample of serum fs not of disgnostic value insofar
&s seute recent wfectons are convermed, for neatrahizing antibodses can persist for
years and their mere presence may ndicate a past smfecton i & gwen indiadus
In view of the latter fact, neutralzation tests ave useful 1n the feld of serologic
eidemiology where one is mterested i knowing with whick viral agents 8 gtven
populatson has had previous Theref far iologic work, a mose
simple “screening” test s advised than that used for clinwal diagnous

Although simple 1 principle, neutraluation tests by thar very nature are
expensive uwt tume and matenals, and at their conclusions may be dificult to inter-
pret, ewefly because of the vanabiity m the Gitzation end pamnt aad the posnble
nonspecsficity of the neutralzation For each viral agent, the techc of performing
the fest for bodies must be Among vanables which
must be considered are the selectson of the expenmental ammal or tissue colture,
route of moculation of the Vixws-serum mixture, age of the test animals; stabidity
of the test virus and repraducibility of the end pomt, relative heat stablty of the
specifie entibody and of possible wnterferany substances w sexuny; we of vaz con-
centration of vires and vaeying dilutions of serurt or vice versa {and the relation-
ship hetween varying coneentrations of each), temperature at wiich the neutrsl
izing musture of vatus and seram is held and the time of mcubstion of the mixture

‘The following points deserve emphasis 1 carrying ont neutralization
tests for poliomyelitis antibodes:

a. Although it is useful to have wirus suspensions of known titer
available i the frozen state, it is nevertheless necessary to litrate the
virus each time a test is performed

b. A standasd reference serum of known antibedy titer is desirable.

c. For the mouse test & stock of nuce of known uniform suscepti-
bikty should be selected, and mice 3 to 4 weeks of age should be used
rontinely They are i tated in Ny (or i inally) with
003 mi of the virus (oF virus-serum mixture) They are observed dally
for signs of weakness o paralysis, especially of the forelegs, to establish
specaficity of the deaths All sllnesses and deaths are recorded dally for
a period of 21 days All deaths within 24 hours after inoculation are
regarded as due to traumatic or nonviral causes

d. "The 50per cent end points (1D, LDy, or TCD,) axe caleulated
according o the method of Reed and Mueneh® or of Karber,! the tit_cr
being expressed in terms of the concentration of infected mouse brain
and spunal cord or of tissue culture fluid, see pages 44 (o 49.

In the tissue culture calculations, the mortality ratie {po of mice
dead/no. of mice inoculated) is replaced by the cytopathogenic ratio
{no. of cultures showing cytopathic changes/no of cultures inoculated}.

1f the successive dilutions of vires are ¢arried ont In 0.5 log steps,
rather than in the full log steps in the example, the proportionate distance
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is multiplied by 0 § and the product added to that nearest dalution which
gave over 5O per cent mortaldy

& The 2 sndev 15 the ion of the ratio of the virus
control LD, titer aver the LD, titer of the serum-virus mixtures 1
which virus has been added to undiluted serum The logauthm of the
LDy, titer of the virus control munus the loganthm of the LDy, titer
of the serum-viras mixture equals the loganthm of the neutralization
ndex The antilogarithm of this d: equals the i 0.
dev A nevtralization mdex of less than 10 1 considered to wdicate the
absence of antibodies.

tests for p bodies employ a constant
dose of virus and 1 concentratian o! serum {esther undsuted or prefer-
ably a § § dulution)

g 0 tests for I bodses usually employ a
constant dose of virus (32 to 100 LD,,) and varying dilutions of serum
(for example 1 4, 1216, 1 64,1 256 and 1 1,024} An evample {s given
n Table 9, an page 48

b Interpretation As b bedies for many viruses per-
sist for lomg peneds, W 12 essentiaf so demonstrate a Tise wm ber in
paired sera, n order to establish a causal relationship between the virus
and a given tllness Such a positive test 1 a single specimen may be the
result of an easler and perhaps subchmeal miection and 18 useful for
eprdemiclogsc pusposes, but not for chimeat dhagnosts of the acute dise
eace For diagnostic sigmficance, the mcrease m neutralization index
during convalestence should be at Jeast 100 Becanse poliomyehtis
antibodses are usually already present wn acute phase sera, therr increase
during the course of the diseuse is more readily demonstrated by using 2.
constant amount of virus and varyng dilutions of serum

2 The tatracerebral Lonsing (Type 2) test i muce An esample of
2 simple method which has been used by several workers for anttbodies
to Lansing (Type 23 pohomyehus vieus may be ated This test 1s run
to see whether the wndvidua] from swhom the serum has been taken has
or has not been previously exposed to and nfected by an apent which
gives nse to Lansiog antbodies It 15 10 essence a screemng test, whach
1s adequate for certam epidemologic purposes 50

a Virus The stock virus pool, ebtamned from the brams and spinal
cords {CNSY of miected mice, shouid have as LD, titer 0f not less than
107 % by the wtracesebral route i mice {at Jeast 3 weeks old) from the
stock to be used tn carrying out the neutsalization tests A control titra.
tion 15 caned out with each newiralization test.
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The pool of infected mouse CNS, in the form of a 20 per cent sus-
pension in distilled water, should be distributed in ampules or in tightly
stoppered tubes, frozen and kept at -~20° C. or below. Samples are
thawed as needed or centrifuged at Jow speeds and the supernatant fluid
diluted to the proper amount (see below)

b. Sera For survey purposes samples of blood should be collected
from normal individuals covering as wide an age group as is feasible. If
the series is to span all age groups there should be adequate representa-
tion of the youngest age groups 1f possible, that is, 1 month to 5 years,
and the whole series should include upwards of 200 samples.

Sera should be handled aseptically and ideally should be stored
frozen from the time of collection and thawed just before use. (Sera
may be heated at 56° C for 30 minutes, the antibody being stable under
these conditions, in order to obviate the possibility that thermolabile
nonspecific factors might give false positive tests for antibody.) A stand-
ard reference serum is desirable.

¢. Procedure From the accumulated values of 4 titrations of the
virus pool, using 8 muce per dilution, the extent to which the 20 per cent
suspenston must be diluted 1s calculated so that the final virus-serum
mixture contains 100 LD,, per 0.03 ml, the actual volume inoculated
into the brain For example, if the virus pool has an average titer of 10-2%
hased on the wet weight of the CNS used to prepare the suspension,
then the concentration of infected CNS desired in the final mixture is
10-1 %, The wirus suspenston which is added to the serum must e twice
as concentrated for 1t will be diluted 2-fold by the serum Therefore, in
the present example, virus-infected CNS 1n a concentration of 10712 is
required

209 suspension = 1077 concentration of CNS
Desired concentration = 107 *

Dulution necessary = 1073

Antilog 0f 0 § = 3.2

Therefore, the virus suspension to be used in the test is prepared by
adding 2 2 ml of distilled water to each m! of 20 per cent suspension

With each senes of neutrahization tests, control titrations of wirus

are done 1n the presence of sahne. If the control titration is unsatisfac-
tory, only certan sera must be retested For example, if the control
titration should show that only 10 LD,, were added to the sera under
test, then those sera negative in the test need not be run again, for they
will not neutralize larger doses of virus. On the other hand, if the con-
trol titration should show that 1,000 LD, were used in tlzc test, the
positive sera need not be run again for they will neutralize smaller
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doses of virus In deciding whether or not a test should be repeated, a
variation of 04 log is permissible, that 1s, control titrations ranging
from 1021 to 10739 are allowable for a virus which has given an aver-
age titer of 1025 and if the test in question was based on this latter
value Thus, although the calculated dose is 100 LD,,, tests in which
the control titrations show that 40 to 250 LD;, were used need not be
repeated

To02ml of serum m a I0 by 75 mm test tube 0 2 ml of the virus
suspension are added The muxture 15 allowed to stand at room tempera-
ture {about 20° to 25° C) for ! hour For each serum to be tested, 8
mice are inoculated intracerebrally with 0 02 ml of serum-virus mixture

Mice are examined once (or twice) daily for 3 weeks, with paralyzed
and dead ammals being recorded In a small percentage of the tests 1
or 2 of the 8 mice may die durmng the first 24 hours, and such deaths
are not tabulated Under the latter circumstances the results are based
on 7 or 6 rather than on 8 mice

d Cntical level of antibody The crteria for the “presence” of
neutralizing antibody depend upon the number of surviving mice 1 day
after the injection and the number surviving 21 days later These criteria
are histed n Table 1

TABLE 1
Tre EVALUATION oF NEUTRALIZATION Test Resvits
Number of mice that succumb dunng observation
No of mce penod of 3 meeks
surviving 1
day after Positive test, Negative test, Questionable

noculation antibody present. antibody absent test*

3 0,1,2 67,8 3,4,5

7 0,1,2 5,67 3,4

6 0,1 56 2,34

* Should be repeated, if possible

e. If quantitative serum titers are desired, the serum should be
diluted to appropriate levels, suchas 1 §, 1:25, 1 125,and 1 625
To 02 ml of each serum mixture, there ts added 02 ml of the test
virus After incubation as above, 8 mice are inoculated with each
" serum-virus mixture. Fifty per cent serum end points are calculated
according to Reed and Muench or Karber methods
3. The intraspinal test i mice for Types 1, 2, and 3 antibodics *

*We are grateful to Dr Morns Schaeffer and Dr C P Lu for these directions.
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Regently Li and Schaeffer? have devised a method of performing nea-
tralization tests in mice against the three virus types with mouse-adapted
strains. The technic is still new and bas not had thorough evaluation,
Further experience may suggest additional modifications; however, the
general principles are the same as for the Lansing neutralization test in
mice, described in the above sections The intraspinal method is de-
scribed by them as follows:

Viruses, 2 Type I Mahoney strain, sdapted to mice. This virus after the
45th intraspiaal passage 1 mice has an 1D titer of 10 ¥ fo 1074 0, A Jarge number
of smice (100100} are fnotulated with the sevd “arws, aud these sice showing the
first signs of paralysis are sacrificed and their cords barvested Ten per cent suv-
pensions of those tords are made in buffered saline by grindivg first in 8 mortat,
then & tissue grinder (TenBroeck type) The suspensions are centnfuged at 1,500
rpm {or 5 to 10 minutes, and the supernate transfesred to a flask smmersed in an
1ce bath, The virus suspension is then disttiduted to 2 mi ampules with a syringe
One mi. is debvered to exch ampule while the flask is shalen periodically duriog the
process of distribution in order to have an tven svspension i eack ampule The
ampules are sealed and vapidly frozen with CO, 1ce and alcchal 2nd stored in a dry-
1ce refeigerator at ~S0” to <70 C The ampules are removed and used as beeded
Random ampules are firated from time to time to check on the stabality of the
VATUS tater

b Type IT Any Type Il mouse-adapted strain of high Gter, such as MEF-1,
may be used After a few ntraspinal passages 10 adult mice, stork cord suspensions
diluted to 150 and 1 500 are made as described above. This virus has a tter of
about 10~35 by the intraspunal route »o adult mice

c. Type III. Leon stram, adspted to mice The titer of this virus even after
100 prssages in mice 15 only 10-2 5 1p 10~3 ¢ Cord suspensions are prepared as de-
seribed for Type 1, except that 2 beavy tiose of the seed virus 1 still necessary for
mocutation of mre in the preparation of the stock vieus A dose of 003 ml of 26
et cent suspension of the seed virus 1s moculated into eack mouse Wath this heavy
suspension some of the muce die ymmediately after wioculation, but these which
survive and become paralyzed will yield cord suspensions of magmum titer.

d. Seed virus and worling varus For accurate beutrslzation tests a large
quantity of standard stock virus is desirable, once prepared, it can be stored frozen
for a Jong time, To ebtaia comparable results m later tests, the virus, when ex-
hausted, should be replaced from the same seed virus 3f possible. Therefore, suficient
quantzty af seed virus should be kept oa hand

e Sera. Same #s for Lanang nestralization test i mice

. Mice Mice 4 to § weeks old, welghing 12 ta 16 grams ate recommended,
sithough older mice may be used

g Procedure. The lowest dose of virus to give repreducible results
is ded for the lization test, With mice of uniform sus-
ceptibility, a dose of 10 1D,, has been found 1o give reliable results
without false positives. Doses above 30 ID;,, under these circumstances,
may be 100 large, for weakly pasitite sera may be missed,
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Stock wirus 1s diluted appropriately with buffered saline so that
when mixed with an equal amount of serum, the mixture will be equiva-
lent to 10 ID,, per 002 ml, of inoculum The calculated dilutron of the
virus, m 02 ml amounts, 15 mixed with undiluted inactivated serum,
for qualitative screeming tests, and with serial dilutions of serum for
quantitative antibody tests, 2s described in the above sections The
mixture 1s mcubated at 37° C for 1 hour and then 002 m! is moculated
mto mice ntraspmally. Eight mice are used for each dilution, Immed:-
ately after inoculation the mice are examined, and if any deaths occur
because of anesthesia or trauta, additional mice are inoculated to make
up the stated number

b, Intraspinal technic Under ether anesthesia the mddle of the
back of the mouse 1s wetted down with alcohol and a transverse incision
through the skin 1s made with small iris scissors (Fig 3) The mouse is
then held 1n one hand 1n such a way that the vertebral column 1s shghtly
flexed With a ¥4-inch 27-gauge, short-beveled needle and a 025 ml
tuberculin synnge, the needle pomnt 1s mtroduced between the vertebrae
at the level of the lumbar enlargement of the cord, shightly to the right
of the midline (Fig 4) The direction of the pathway of the needle as
shight pressure 15 applied 15 at about a 45° angle toward the head and at
a very shight angle toward the mudhne As the point of the needle enters
the spmal canal a definite “giving” sensation 1s felt by the hand hold:ng
the syringe A volume of 002 ml 15 then njected and the needle re-
moved along the same pathway by which it was mtroduced No appl
cations or dressings are applied to the skin wound, which heals without
aifficulty

Once mastered, this techaic goes rather rapidly With one assistant

the mice, one can readily moculate 100 mice
1 hour’s ime The age of mice affects the ease with which intraspinal
moculation may be accomphshed Best results have been obtained with
4-week-old mice, but difficulty of introducing the needle between the
vertebrae ts not encountered unless mice over 6 weeks of age are used
Although this 15 a relatively greater traumatizing procedure compared
with the intracerebral technic, the loss of mce should be weighed
against the advantages of reduction i incubatiorr perred for Type II,
and the making of possible determimnations of Types I and III anti-
bodies 1n mice,

1 Observation The test mice are exanuned 24 hours after wmocula-
tion, and deaths or traumatic paralysis noted The dead mice are dis-
carded and those affected with traumatic paralysis (about 7¢%) are
marked with dye to differentiate them from the virus-paralyzed mice,
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Traumatized mice frequently recover or at least will not become worse
unless virus paralysis is superimposed. Traumatic paralysis can be dif-
ferentrated readily from virus paralysis since virus paralysis does not
occur durng the first 24 hours, Traumatic paralysis always appears
during this period.,

The incubation period for Type I and Type II with the dosage
indicated (10 IDy,) is usually 3 or 4 days and that for Type III is 4 or
5 days An observation period of 7 days s sufficient to complete the test.
Posttive results are those in which of 8, 7, or 6 muce (alive 24 hours
after the inoculation) half or more survive a 7-day observation period;
negative tests are those in which fewer than half of the mice survive
Tf half of the animals survive, the test should be repeated.

Occasionally, mice affected with poliomyelitis virus via the intra-
spinal route die of infection on or after the 3d day of inoculation with-
out observed paralysis This occurs mere frequently with Type IT virus
than with Types I and IIIL

4. The neutralization test in tissue culture. All of the tissue culture
methods outhned in Chapter III lend themselves readily to the meas-
urement of poliomyelitis neutralizing antibody, since antibody specifi-
cally neutralizes the cytopathogenic action of the virus If a constant
dose of virus is used, the SO per cent neutralizing end pomt of the serum
can be calculated 1n accordance with the methods outlined ahove for
the mouse neutralization tests. Details of a number of tissue culture
procedures may be found in Chapter 111

Poliomyelitis lak 165 71% differ hat in the details of per-
forming this test, but the same principle underlies them all. For purposes
of Wllustration, the test which has seen considerable use in this laboratory
will be described. In this test, cultures of monkey kidney epithelial
cells grown on glass in a 16 by 150 mm  test tube are used.11% Cultures
are maintatned in a stationary position as outlined mn Chapter IIL
1 ml, of fluid medium is present in each culture.

a Virus It is essential that representative strains producing sharp, rapid
cytopathogenic effects be used, such as Brunkilde for Type 1, Y-SK for Type 2,
and Leon for Type 3 Virus 1s propagated 11 tissue culture, and a pool of high tater
1s prepared and centrifuged at low speed to remove cells and debns The virus is

distribated 1 small shquots (DS m} amounts) and Srozen 2t —20° or below A fresh
- soeomste e eenethogenic
. v leulated,

b, Virus titration Senal 10-fold dlutions are prepared In balanced salt solu-
tion (BSS) to which antibiotics have been added One-tenth ml. of each dilution
is Introduced 1mto 4 tissue rulture tubes, and microscopic readings at 100 X magnl-
fication are made 3 days later to determine the SO per cent cytopathogenic end
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pont This 15 calculated by the method of Kirber or that of Reed and Muench,
as outlined. With each semes of tubes at Jeast 2 cultures are left uniocu-
lated to serve as tissue controls These should show no degeneration durng the
period of observation, 1f the test 1s satisfactory If the virus has a titer of 1099,
then 2 concentration of 2 X 10~% will contain 200 TCD,, per 01 m), and this may
be made 25 follows

05 ml. of undiluted virus plus 20 ml, BSS = 2 X 10-1 concentration

03 ml of 2 X 10°? yirus plus 297 ml BSS = 2 X 10-3 concentration, *

¢ Seruw Specymens are collected avd stored as descibed above Before use
they are heated at $6° C for 30 mnutes, poliomyelitis antibodies are stable under
these conditions. Complement or other heat-labule accessory factars which may be
present in serum are not required in the neutralizatton test 11

d. Procedure Senal dilutions of the beated sera (2-fold or 4-fold
ncrements may be used) are made in BSS containing antibiotics, and
02 ml, amounts distbuted i 10 by 75 mm  test tubes. Two-tenths ml,
amounts of virus are added 5o that the final mrxture contains 100 TCD,
of virus per 01 ml (For special purposes where smaller amounts of
antibody are suspected, the final mixture may contain only 10 TCDg,
of virus. However the test 1s more reproducible and reliable with
the higher dose of virus ) The serum-virus tubes are covered with a
piece of sterile aluminum foil. After an incubation penod of 1 hour at
room temperature, ¢ 1 m! amounts are inoculated into each of 3 tissue
culture tubes

With each series of neutralization tests, control titrauons of virus
are made, the starting concentration bemng the highest dose (100 TCD,,)

TABLE 2
Tissur CuLTure NEUTRALIZATION TEST WITR PAED Sima o Patment INvreres
wrra Tyre 1 PorioMyrLns Virvs

Serum| Cellular dcgenmnon (cylﬁpz!hugemc effcct) | 50% serum
("ia nal titer
o

Virus* onstk) 12 110 150 1250 {11250 | Log |Antdog

Typet | 1000 [4dd bt lattleastorn | s

2 {000]000]000]00+|+++] 25 | a0
Type2 | 1 000 [ 444 [+++ ]t |+++] 07 | 5
10001000 {04+ [ 4tt{stt] 15| 2
b I N e E P e )
20 [ 44+ |t bt frer vt ] 0 0

None 11000
220 Joon

* 100 TCDy, of each varus tised In test.
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Traumatized mice frequently recover or at least will not become worse
unless virus paralysts is superimposed. Traumatic paralysis can be dif-
ferentiated readily from virus paralysis since virus paralysis does not
occur during the first 24 hours Traumatic paralysis always appears
during this period,,

The mcubation period for Type [ and Type II with the dosage
indicated (10 ID,,) is usually 3 or 4 days and that for Type III is 4 or
5 days An observation period of 7 days is sufficient to complete the test.
Positive results are those in which of 8, 7, or 6 mice (alive 24 hours
after the inoculation) half or more survive a 7-day observation period;
negative tests are those in which fewer than half of the mice survive
If half of the animals survive, the test should be repeated

Occasionally, mice affected with poliomyelitis virus via the intra-
spnal route die of infection on or after the 3d day of inoculation with-
out observed paralysis. This occurs more frequently with Type II virus
than with Types I and III.

4 The neutralization test 1 tissue culture, All of the tissue culture
methods outlined m Chapter IIT lend themselves readily to the meas-
urement of poliomyehtis neutralizing antibody, since antibody specifi-
cally neutralizes the cytopathogenic action of the virus. If 2 constant
dose of virus 15 used, the 50 per cent neutrahizing end point of the serum
can be calculated in accordance with the methods outhned ahove for
the mouse neutralization tests, Details of a number of tissue culture
procedures may be found in Chapter ITL

Poliomyelitis lab ies 713 differ hat in the details of per-
forming ths test, but the same principle underhes them all, For purposes
of 1llustration, the test which has seen considerable use in this laboratory
will be described In this test, cultures of monkey kidney epithelial
cells grown on glass in a 16 by 150 mm, test tube are used.1*13 Cultures
are mamntamned in a stationary posttion as outlined in Chapter III.
1 ml. of fluid medium is present in each culture.

a Virus It 13 essential that representative strams producng sharp, rapid
cytopathogeme effects be used, such as Brunbilde for Type 1, Y-SK for Type 2,
and Leon for Type 3 Virus 1s propagated in tissue cultute, and a pool of high titer
15 prepared and centrifuged at low speed to remave cells and debris The virus is
distributed m small ahquots (0 S ml amounts) and frozen at -20° or below. A fresh
sample is thawed for each test From previous titrations, using the cytopathogenic
end pont, the dilution necessary to contan 200 TCD,, per 01 ml s ealculated,
however, each sample 15 titrated simultaneously wath the neutralization test,

b Virus titration Senial 10-fold cilutions are prepared in balanced salt solu-
tion (BSS) to which antibiotics have been added One-tenth ml of each dilution
is miroduced into 4 tissue culture tubes, and microscope readigs at 100 X magui-

ade 3 days later to determune the 50 per cent cytopathogemc end

fication are T
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factory for Type 1; Y-SK or MEF-1 for Type 2; and Leon or Saukett
e P U S S

R

and need not generally he treated for anticomplementary actwity nor
concentrated
Heating the antigens at 56° for 30 mmnutes destroys all but occa-
sional trace amounts of infectivity and usually any anticomplementary
factors As is pointed out under the section on interpretation, the resuits
obtamed with heated antigen are not identical to those obtaned with
unheated antigens Where the laboratory 1s equipped to handle live virus
and a thorough study is desired, serum coliected in the acute and conva-
lescent phases should be tested with both heated and unheated antigens
At the time of wnting o exact substitute for the live virus antigen has
been jully tested, but 1t seems probable that either attenuated strains
or formalin-killed virus will prove satisfactory for use in laborataries
that are not prepared to handle active, virulent polovirus
¢ Control entigens Tissue culture fluid from uninfected autolyzed
or disintegrated cultures may be used as a control antigen to test for
nonspecific reactions with the sera Such reactions are rare
d  Reference scra Hypenmmune monkey sera prepared against each
pohovirus type may be used in the titration of antigens and as positive
controls in each test Comparison with standard sera 15 desirable
1 Macro (tube) technsc taken from Schmudt and Lennette
a  Diuent Kolmer sahne 15 used, which contams 0 1 gm of MgSO,
and 85 gm of NaCl per Iiter
b Complement titration The complement s titrated in the pres-
ence of the specific antigen, and 2 exact units 1n a volume of 02 ml are
used i the tests, The incubation period for the titration is 1 hour at
3”°C
¢ Antigen trration A box titranon of anugen and reference serum
dilutions s carried out, using 02 ml of antigen undiluted, ¥ and ¥4
The optimal antigen concentration 1s that giving a 3 + or 4 + reaction
with the highest serum dilution 1t 1s desirable to use this concentration
of antigens when testing sera for antibodies In practice, it has been
found that undyuted fluids may be close to, but slightly below, the
optimal level However, these fluids have been used unconcentrated with
only shght loss of sensitivity
4 Hemolysn. 2 umts of hemolysin 1 0.25 ml, as determined by
titration at 37° C for 30 minutes with 1.30 complement (0.2 ml ) and a
20 per cent sheep cell suspension (0 25 ml ) are used
¢ Sensitized cells, Sensitized cells are prepared by mixing equal vol-
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used in the serum-virus mixtures. It 15 also advisable to test the highest
concentration of each serum in a tissue culture tube for passible non-
specific degeneration. A few tubes are left uninoculated to serve as tissue
controls,

The cultures are incubated at 36° C for 3 days ang then examined
microscopically, At the end of that ume the virus titration should show
that 100 TCD;, had been added to each serum A typical protocol with
matched sera of a patient infected with Type 1 virus is shown in Table 2.
A pH color test for neutralizing antibodies which makes use of cell
suspensions and which may be carned out in test tubes or disposable
plastic panels is Qescribed in Chapter 111,

€ Tue CompreMeNT FIsatiox Trst *

Infection with poliovirus usually gives rise to complement-fining
{C-F) antibodies which may be detected with antigens from a variety of
sources, The first antigens to be used were prepared from infant mouse
bramns.® 17 More recently tissue culture fluids have generafly been used
as an antigen source. 318,192

The principle of this reaction 1s no different from that in any other
direct C-F test but many different technics have been used to demon-
strate it. Two of these methods will be described here. Tne macro (tube)
method proposed by Schmidt and Lennette?® can be used in laboratocies
where vatious other C-F tests are carried out in test tubes, and under
these ci the test for poliomyelitis can be added with minjmat
innovations The method of Black and Melnick?® makes use of the
Fulton and Dumbell plate techme ** and hence requires smaller quantibes
of reagents. In this second method, several different concentrations of
complement are used with each didution of antigen or serum in order ta
determine the amounts of complement fixed and to give added sensi-
twity by a i i of, and ion for, anti le-
mentary factors in the reagents The use of the plate technic does not,
however, necessitate the use of multiple levels of complement, and other
workers %29 have used it for one-dimensional serum titrations similar to
those described heve for the tube methad.

The following reagents are used for both methods:

a. Compit C i ilized k may be used.

b. Antigens. Virus is grown 10 high titer (10°3to 10°TCDy, per 01
ml) in bottles of tissue culture (moukey kidney or HelLa cultures are
most commonly used at present) as described in Chapter T Any of
several strains of poliovirus may be used- Brunhilde or Mahaney is satis-

« Dr Francs L, Black and Dr. Grorge L Le Touvier assisted in the prepsration of
thiy section
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of complement The following control titratrons are made with 1, 2, 3,
and 4 minimal umts of complement:

(1} One and 2 drops of antigen with hy| sera
against the 2 heterotypic poliomyehtis viruses and without sera

(2) The 3 sera at the concentration used n the test without antigen

(3) Complement without antigen or serum

One minimal unit of antigen 15 defined as the amount required to fix
1 minimal umt of complement tn excess of the greatest amount fixed by
any of the controls This 1s between %% and }4 of the umt based on fixa-
tion of 15, 100 per cent lytic umts of complement In serum titrations,
8 units of antigen are used 1n 1 or 2 drops Fluids of a titer lower than 4
untts per drop may be by 1on or i -
tion

d  Hemolytic system 04 per cent sheep cells are sensitized by in-
cubatron for 1 hour at 37° C by an equal amount of 1/200 hemolysin
Sensitization carried out 1n this particular way?!2? serves to enhance
the clumping of unhemolyzed cells, thereby aiding 1n reading the results

e Procedure for test The test ts carried out on lucite or perspex
sheets (12 by 12 by %4 inches), the center portions of which are marked
off 1n 100 squares, each measuring 1 inch on a side The squares contain
no depressions Materials are placed on the squares by means of dropping
pipettes® which deliver 20 cmm per drop These pipettes consist of
No 19 hypodermic needles (from which the beveled tips have been cut)
fitted onto glass tubes

One plate is set up at 2 time One drop of the appropriate serum
dilution is added to each square on the plate, then I or 2 drops of antigen
and 1 drop of the ion The pipette
1s held 2 to 3 ecm above the plate when applying the drops If held lower,
the drops may Ticochet off those already on the plate, 1f higher, they
spread on the plate and are more subject to evaporation The miting of
reagents which occurs when a new drop 1s added to one already on the
plate is sufficient, no shaking of the plates is required In the controls
when one or more reagents are omitted a corresponding number of drops
of diluent are added instead

Primary mcubation takes place at 4° C for 18 hours To avoid
evaporation from the drops during this tume, the plates are placed on 2
rack, which 1s put mn an air-tight box The box always remains in the
refrigerator and contams a layer of cotton soahed with water. At the end
of the primary ncubation, the rack is removed, and any water of con-
densation formng on the plates is allowed to evaporate before the hemo-

oM

ster Bicknell Co , Ine , New Haven, Conn
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umes of a 2 per cent suspension of sheep erythrocytes and a dilution of
hemolysin containing 2 hemolytic units m a volume of 0,25 ml. The

mixture is allowed to stand at room temperature for 10 minutes before use -

f. Procedure for test, Serial 2-fold dilutions of each serum are pre-
pared in Kolmer saline solution Each dilution 1s dispensed into 3 series
of tubes so that tests agamst each of the 3 varus types can be run con-
currently. In addition, the Ist 2 difutions of each serum are tested for
anticomplementary activity in the absence of antigen and for nonspecific
complement-fixing actwvity with the control antigen Antigen is then
added in a volume of 0 2 m} followed by 0 2 ml, of complement dilution
containing 2 exact units Fixation 1s allowed to proceed at 4° C over-
night (approximately 18 hours) The tubes are then warmed ina 37° C.
water bath for 10 minutes, 05 mI of sensitized cells is added to each
tube, and secondary mcubation at 37° C 1s then conducted for 15 to
30 minutes, depending upon the time required for the complement control
tubes to show clearing The complement controls consist of a series of
4 tubes contaming antigen, sensitized red cells, and 2 units, 155 units,
1umt, and %% unit of complement, respectively The tubes containing 1,
1%, and 2 umts should show clearing after 15 to 30 minutes of incuba-
tion, and as soon as this occurs the tests are read The titer of a serum
15 the highest dilution (inital, not final) showing 3 + or 4 + fixation
with the specific antigen

2. Plate C-F techmc,

a  Veronal-saline diluent. A veronal buffer with added Mg and
Ca™ is used for making dilutions of all materials in the test. The buffer
(pH 7.3) contains mn each 100 m! ; 0,85 gm, NaCl, 57.5 mg §,5-diethyl-
barbituric acid, 375 mg sodwum-5,5-diethylbarbiturate, 168 mg
MgCl,* 6H:0,and 2 8 mg of CaCls.

b Complement titration A senies of about 10 dilutions of comple-
ment are made up, ranging from 1/40 to 1/400. One drop of each of
these 15 placed on a plate with I drop of a 1/32 dilution of a serum which
has previously been found to be free of anticomplementary actwity and
1 drop of diluent The serum is necessary to promote clumping of the
unhemolyzed cells After the pumary incubation the hemolytic system
is added, the plate incubated at 37° C., and the degree of hemolysis read
One minimal unit of complement 1s the greatest amount that causes no
visible hemolysis This is approximately 1/3 of a 100 per cent lytic unit

. Antigen titrations, Two-fold dilutions of antigen, starting with 2
drops of undiluted TC flud, and continuing with 1 drop of undllut.ed,
Y4, %, %, and 1/16 dilutions are titrated with an optumal concentration
(%4 to 1/16) of homotypic, hyperimmune morkey serum. T{xe' titrations
are carried out in vertical columns against 2, 3, 4, and 5 minimal units
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a3 with 1/8 In this example the subtrahend based on the serum control
would be 13 for the Type I titration and 8 for Type IIL, both smalter
than these for the antigen controls Since the column with 1 unit of com-
plement appears only in the control, the “avidity” 15 positive only when
the fixation 1n the test titration 1s more than 1 complement umt 1n excess
of that fived in the control Thes gves the same base hne for a signifi-
cant degree of fixation as is used i deteroumng the serum titer, The
avidity appeats to be more reproducible and to show fewer erratic
vanatigns between serial serum samples than the sumple serum titer,

IV INTERPRETATION OF DIAGNOSTIC TESTS
CARRIED OUT ON PATIENTS
Acnte paralytic polomyehtss 15 a disease which can usually be diag-
nosed chimeally without too much difficulty But with the nonpaoralytic
form of pohomyehts the twersc 1 true, Iahoratory aids are needed
more, and actually a d of such d cases
may tum out not to be examples of polinirns wmiection Nonparalytic
poltomyelihis resembles chinweally 2 vanety of other mfections of the
central nervous system, all of which can gue nse fo such ronspecific
symptoms as fever, drowsiness, headache, and stiff neck and can produce
an mezease of lympbncytes or protesn or both in the spinal fluid. Some
of the tic p may be differen-
uated either by using appropnate serologic tests with other antigens
{such as mumps vieus ar lymphotytic chonomenmgitis virus) or less
comumonly by the rsolation from the patient of the etiologic agent {such
as one of the Caxsachie or ECHO viruses) In a cettain percentape of
cases of so-called aseptic mermungius or meningoencephalitis, 1t is not
possible, with any test presently avaidable, to say what type of aseptic
or memngoentephalis a partscular case may be
A Duacrostic VALUE o Viaus Isorarion axp
Sexotocic Tests
Of the various drrgnostic tests for pobomyehtis now avalable to the
clinician, the ssoleton of poliovirus from the patient is perhaps the
most valuable The sources of material from which such isclations can be
made tnctude stools and swabs taken from the rectum o throat, of which
the stools are most likely to yreld the virus ®* When the material is col-
fected promptly and sent to the laberatory promptly, the isclation of
i usually can be feted by tissue cufture tests  a matter
of days so that if an eorly diagnosis is songht, this method has special
ment. Vires can be isolated by tissue culture technse from approximately
90 per cent of properly cotlected stoal spectmens fsom early paralytic or
ks g vtk 228
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Iytic system is added It may be helpful to allow an electric fan to play
gently upon the plates for 1 or 2 minutes If the day s not humid 1t
may be possible to add the sensitized cells without delay.

Two drops of the sensitized cell mixture are added to each test square
The rack is then placed in 2 37° C. incubator (or in a box similar to that
described above for the prnmary incubation), which is kept at 75 to 80
per cent saturation by means of water pans, At the end of ¥4 hour the
rack is removed To bring about the clumping of the unlysed red blood
cells the plates are esther tapped gently on their edges or allowed to cool
in the refrigerator or both, After completion of the test, the plates may
be decontaminated by immersion for at least %4 hour m 2 normal hydro-
chloric acid or 10 per cent Wescodyne.*

f Serum titrations Sera are titrated over the desired range of dilu-
tions with 8 units of each type of poliomyelitis antigen Each titration is
carried out with 2, 3, 4, and 5 minimal units of complement. The follow-
ing control tests are set up, each with 1, 2, 3, and 4 units of complement:

(1) The two highest concentrations of serum used in the titrations
without antigen,

(2) The 3 antigens without serum.

(3) Complement without serum or antigen

A diagram of the appearance of a test plate (using only up to 4 units
of complement) and the readings that might be obtained from it are given
in Figures 5 and 6 This serum would have a Type I titer of 16,2 Type I1
titer less than 4, and a Type I1T titer of 8. As well as the dilution to which
a given system will fix 1 unit of complement, it is passible to obtain from
such a titration an expression for the amount of complement fixed at any
dilution This character of the serum, its avidity for complement, is
partially independent of the titer

An expression of the avidity, dependent both on the titer of the
serum and on the amount of complement fixed, may be calculated as

follows The score for the degree of fixation is summed for all serum
dilutions up to the end point of the titration; for example, in Figure 6
the sum for the Type I fixation is 22 and for Type II1, 20 From this is
subtracted the sum for the degree of fixation n the serum or antigen
control, whichever is greater, multiplied by the number of serum dilu-
tions tested up to the end point In this example the subtrahends based
on the antigen controls are 3 X 6 for Type T and 2 X 5 for Type 111,
and the fgures for the avidities are 4 and 10, respectively. When the
subtrzhend was based on the serum contral it was usually assumed that
there would be the same degree of fixation with 1/16 and 1/32 serum

« West Disinfecting Company, Long Island City , N.Y.
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gens are more reactive with early sera and make it more difficult to
demonstrate an increase in titer, Even with heated antigens, type-specific
reactions are often obtaned in young children, presumably those with
no prior experience with poliovirus, whereas antibodies to 2 or 3 types
of poliovirus commonly appear in older age groups !

A stngle strong positive reaction may be interpreted as evidence of
probable recent experence with poliovirus 26 The C-F antibody response
occurnng in individuals who have had prior experience with poliomyelitis
of any type is usually prompt and often group specific. It is, therefore,
often dfficult to demonstrate an increase or to identify the type of the
current infection in these individuals On the other hand, their early
response allows one to make a tentative diagnosis in these cases on the
basis of the first serum sample alone Thus 15 best achieved with heated
antigens

There appear to be two kinds of complement-fixing antibodies formed
after infection with poliovirus, particularly in older children and in
adults, who presumably have had earlier experience with one or more
types of poliovirus*

(1) Antibodies agamnst the group antigen are made rapidly and
generally have reached therr lnghest titer by the onset of illness, although
In some patients they make their appearance soon after onset and increase
in titer over the next few weeks Exposure of Type 1, 2, or 3 poliovirus
to heat (or ultraviolet irradiation or formalm) uncovers a previously
masked group reactive antigen, common to the three virus types, which
1s suitable for detecting this group antibody. By using heated antigens,
heterotypic fixation {against poliovirus types different from that isolated

from the patient) may occur in the absence of corresponding heterotypic
neutralizing antibodies

(2) Antibodies against the type-specific antigen associated with the
live virus are usually absent 1n the acute-phase serum and usually appear

only after the third week of disease Complement-fixing antibody against
the type-specific live antigen is generally not demonstrable m the absence
of neutralizing antthody agamst the same virus type

Norz —The foregog procedures have been evolved from expenence gamed 1

a number of laboratories including those of the Section of Preventive Medicine
Yale University School of Medicine Much of the work in our own laboratones has
been mided by grants from the National Foundation for Infantie Paralysis, Inc
IV. REFERENCES °
1 Melick, ] L The Ulteacentrifuge As an Ad in the Detection of Poliomyelitss Verns
7 Esper Med , 77 195-104, 1943
? Kokko, U P, Hollander, D I and Turner, T B A Mouse Neutrahzation Test for

Lansing Pohomyelitls Antibody Employing a Smalt Amount of Whole Blood
Am T Hye, 53 377-384,195),
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The antibody tests above described are also becoming of increasing
value. For their mterpretation in clinical diagnosis, the principle of dem-
onstrating a 4-fold or better rise in homotypic antibodies between the
patient’s acute and convalescent serum is one to be sought both in neu-
tralization and complement fixation tests. In many instances, however,
the patient already hasa maximum response in either or both neutralizing
and compl fixing antibodies by the time poli litis is suspected
or by the time he or she 15 admitted to the hospital. Furthermore, it is
recognized that infection with one type of poliovirus can induce a tran-
sient heterotypic response (most common with complement-fixing) to
the other types F il poliovirus ibod p are rarely
eliated by anything but nfection with poliovirus and are, therefore, not
amajor source of error 1n diagnosis of pohomyelitis per se. The clinician
15 not so much concerned with a type-specific response of significant tuter
(for in making a diagnosis of poli litis) as with an anti-
body response to any of the three types of poliovirus. In one series*
4-fold neutralizing titer increases were found in 72 per cent of the cases
and C-F increases mn 49 per cent There are obviously a number of dif-
ferent combinations of rising and falling titers which can be found in
the comparison of acute and conyalescent sera 3s tested with neutralizing
and complement-fixing antibodies, The percentage of increases demon-
strable will vary with the times of serum collection, It should be recalled
here that peutralizing antibody titers against poliovirus may decline
over a period of years, although seldom reaching insignificant lTevels,
whereas the 1 fixi bodies may disapp plete)
withina period of 4 to 20 months,

B. INTERPRETATION WHEN ONLY C-F RESULTS ARE
AVAILABLE

The C-F test may be carned out without test animals, elaborate
equipment, ot special safety precautions and hence certain laboratories
may find it possible to use this test when isolation and neutralization
tests are not feamble. Two different positive results may be obtained
with the C-F test, one, the demonstration of a 4-fold increase in titer
with paired sera, the other the detection of a strong reaction (eg total
avidity 15 or greater 2% or titer of 32 or greater in a line test *°) in 2

o ~ A bn {mateh

JOT RN SRR y

v
e

can be demounstrated. .

1In order to demonpstrate an increase in C-F antibody titer in a2 maxi-
mum number of cases, specimens (collected as described in section ITT,
A of this chapter) should be tested with unheated antigen. Heated anti-
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Fic 2 A series of temperature charts that indicate the course of 6 evamples of
expermmental pohomyelitis induced by various routes with 4 different strains
of virus in 4 species of monkeys The vertical arrows mdicate the time of
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ECHO VIRUSES*

1 INTRODUCTION

114 the increased application of tissue culture methods to the diag-
Wnos:s of poliomyelitis or polomyelitis-like illness, another group
of viruses of wide distnbution has been recognized They have been iso-
lated primanly from fecal specimens obtamed from patients presenting
the clinical synd; of aseptic i not i called non-
paralytic poliomyeliis They have been obtained also frem feces of
apparently healthy children in the course of epidemiologic studies of
poliomyelitis They have been recovered i sporadic fashion but alse in
association with eprdemc prevalences of significant size occurring dunng
the poliomyeltis season. This group of viruses is distinct from the
accepted pohomyehtis viruses and from the Coxsackie viruses ‘The desig-
nation of echo viruses, entensc cytopathogenic human orphan viruses,
has been generally adopted on the recommendation of & special Commit-
tee on the ECHO Viruses acting under the auspices of the National
Foundation for Infantile Paralysis?

1I CLINICAL AND EPIDEMIOLOGIC FEATURES

A promunent opportunity to obtam uniform informatton of the
clinical manifestations associated with infection by one type of echo
virus was presented during the Poliomyelitis Vaccine Evaluation Pro-
gram of 1954 2 During that season with the peak in August and early
September, 44 cases were reported as possible poliomyelitis from the
study areas of Massachusetts and 60 from study areas of central New
York state, From a minonity of cases poliomyelitis virus was recovered,
but from the great majority an “orphan” virus was reported It seems
certain from serologic studies that m some patients a double infection
occurred Clincally these 1llnesses presented fever, headache, stff neck
and back, and vomiting, without significant sensory or encephalitic dis-
turbances. Complaint of sore throat and muscle pains occurred in about
one-third of the cases Diarrhea was mnfrequent. There was pleocytosis,

* Editorial addion
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referred to in prevsous hterature as “orphan viruses”? and others as “human entersc
viruses”2—are now clasufied as the “entenc eytopathogemc human orphan (echo)
group "3 They share the following properties (1) They are cytopathogenic for mon-
key and human cells in culture -4 AIl 13 prototype straing were isolated 1n cultures of
‘monkey kudney cells, whih for the strams tested proved to be more susceptible than
HeLa cells () They are not neutralized by paols of the three types of polomyeltis
antiserum (1) They are not neutrahzed by antiserums for Coxsackie varuses that
are known to be cytopathogenic in tissue culture, and they fal to induce disease m
infant mice {Ammals less than 24 hours old should be used, for they have greater
susceptibility ) (iv) They are not related to other groups of yiruses recoverable

TABLE 1
List oF Axmicewicarry Distinet Ecmo Vimruses

Tiiness i
erson
Prototype Geographic Yielding
Type Stran Ongn* Virus Reference
1 Farouk Egypt None 1
2 Comelis Connecticut Aseptic mentngitis 1
3 Mornse Connecticut Ascptic memngitis 1
1 Pesascel Congecticut Aseptic meningitis 1
5 Noyce Maine Aspetic memngitis 1
6 D'Amon Rhode Islind  Aseptic menmgitis 1
7 Wallace Ohio Nonet 2
3 ryson Ohuo None 2
3 Hil Ohio Nonet 2
10 Lang Ohio None 2
1 regory Obio None 2
12 Travis 285 Philippine Islands None 3
13 Hamphill 2188 Philippine Istands None 3
13 {oewtype) Tov  Rhodelslnd  Aspetic memngitis 1

from the alimentary tract (throat or intestine) by immoculation of primate uissue
culture, such as herpes sumplex, wnfluenza, mumps, measles, varicella, and the ARD
(acute respiratory disease) o APC (adenoidal pharyngeakconpunctival) group
(v) They are neutralzed by human gamma globuln and by individnal human
serums, this indicates that they infect buman beings

Other studies of the echo viruses (more extensive for some than for others)
have provided additional information Complement-finng antigens have been de-
tected in the culture Buids of a number of viruses that have been tested 13 All the
viruses tested were eth (gradocol measure-
ments indicated sizes for types 1, 2, and 3 between 11 and 17 mis 3 The size of type
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comparable to that of poliomyelitis, in the spinal fluid, Two-thirds had
less than 150 cells and only 7 per cent more than 500 cells Of the total
about 85 per cent were reported nonparalytic, but physical therapists’
examinations recorded a mild degree of muscular impairment in the
early stages of nearly half the cases A few patients had distinct paralysis
and residual disability; there may well have been cases of poliomyelitis,
which was also prevalent, in which laboratory identification was not
established Tt was noted that secondary and multiple cases in families
were common,

‘The virus recovered from this epidemic was identified by Kibrick
and Enders® as type 6 (see below) In 1955 similar outbreaks in eastern
and western New Vork state have also been associated with type 6.4%4
In other areas type 6 has been the echo vitus most commonly recovered
from cases of this character, but in 1951 type 12 was recovered from a
summer outbreak in Massachusetts.® Virus has been occasionally recov-
ered from the spinal fluid of patients,®

IIT ISOLATION AND IDENTIFICATION OF ECHO
VIRUSES

The procedures employed for 1solation and identification of echo
viruses are essentially identical with those for poliomyelitis virus The
chapters on poliomyelitts and tissue culture present these details and
certain differential features It must be constantly remembered that
recovery of an echo virus even with positive serology does not of itself
establish the etiologic relation to a sickness, Mixed infections may be
common

‘The further summary of mformation for 1dentification and classifi-
cation is taken from the report, December, 1955, of the Committee on
the Echo Viruses 13

Prebmenary studies of these viruses indicated that multiple antigenic types
exist 1 4 Individua) prototype stramns and serums were exchanged among members
of the Committee on the ECHO Viruses for performance of cross-neutralization

o ms adamhed fon shpen tastn amntas Ing for the wocynlum

Cent neutralization of 100 TCD, of virus
bts cooperative study has resulted m the differentiation of the 13 ant:genically
distinet varuses that are listed 1n Table 1 * These viruses—some of which have been

* Another type has been added (20)
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“The sexa in Pool I3 are kept separate since they have low biers and must be used
in Tow dlution 1 the convertional techale 31 the plaque neatraliation test §s used,
bigh serum titers can be demonstrated

1t mentratizstion accury With any of the 4 pools, the +irts 1s tested against exh
Indwdual member of that pool, agan usng 100 TCD,, of virus against a diubien
of antiserym contaming 20 umls of antibedy Caulion must be exerdsed in these
procedures for certain ammal sera may contaln mhibgary substances, perhaps toe
antabodies agamst the echo virases Thus the pew virus might be neatralized, not by
antsbody produced as & rasult of the sy estigator’s wmotulaton of the anwoal, but by
pre-custing antibody maturally present but unknown to the javestigator This
&ificalty may be overcome by usng seram at dilutions sufficiently hugh to ehunate
monspertfic reactions or by testng a5 well as
serutn 1o demanstrate the lack of pre-exsting antsbody

The folloning table from Dr Melnrk diustrates the differentiating use of
neatralzation tests

TABLE §
Resvrss wrrn Neymaiizersos Tests Eszasusares Tow Sreay as Bono
Vimes Tare 4

Neutrstizatean sganet

Anusrm _Serum Difution 00 TCHyp of Taw \m‘,
I‘nhn 'I'chs 1, 2, 3 15 [
Cossackie l’ocl l' 13 ¢
] A ] 9
a8 bogwe I3
B, B2, B3, 84,85 | 10 ‘ a
Echo Typea t 13 } 1se | Q

(Tests with secs for each of i i
wndividunt Lebo Types 113y | t

Tow, sonkey, Rh 8076, pranoe | 1w t 9
Rb 806, postnoc | 10 +
& [ t 500 +
ol 1o o
Tow, patieat, 4|h day “after onset 11 o
33 day alter omset | 110 +
\m day afteronget | 110 +

* Caxsastue seeum Poal T anminers against Topes AL, A2, A3, AL AS A8, 410, B,
B2, 83
* Cavezckie serum Fool 1 anyisers axvinss Types As A7, A9, A1z, Al4
&8 (1 thesus 1 tyus) inoculsted acd atre-
seritoneally with Tom ssram sapmptomatse CNS histology pegane
Suckling mice inocutated subogtonenusy asymplomane

Complement firation tests versvs specific antigens of other viruses or grovps
199 b dove and addillonal dests 0 th the parent’s srvm, of M aiable, can be made

Tt is apparent that & serologtc test of group specificity wauld be of
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10 fs reported to be between 60 and 90 mu 2 Plaque morphology of the echo viruses
studied (types 1, 3, 4, 5, 6, 7, and 9) is sufficiently distinctive, except for type 7
(Garnett stramm), to permit differentiation from poho virus plaques ¢ The plagues
of the echo viruses mentioned had trregular diffuse boundaries, and healthy eells
could be found within the degenerated areas,

Kidney cells of different monkey species vary in ther susceptibility to the echo
viruses Rhesus (Macaca mudatta) and cynomolgus (Af srus) cells are susceptible to
all 13 types studied Cells from the South Amencan capuchin (Cebus capucna)
were found to be resistant to types 1, 2, 3, 7, 8, 9, and 11,28 However, they were
susceptible to type 102 Cells from the African red grass mihtary monkey (Erythro-
cebus patas), which were resistant to types 1, 2, 3, 4, 5, 6, and 9, were as susceptible
as those from the thesus monkey to the type 7 Garnett strain

i requested by other investigators, the commuttee 1 prepared to assign num-
bers to new prototype strains that satisfy the critena employed for dufferentiation
of the steains listed 1n Table 1 To avoid unnecessary confusion 1n the hterature, the
commuttee 1 wilhng to function as a cleaninghouse for characterization of new strams
by ison with types In this way the distinction of new
prototypes may be hastened

If and when any one of the established ty pes 1s dentified as the etlologic agent
of a chinically distinct disease, 1t will be removed from the echo group of viruses

The followtng details were provided by Dr J L Melmck.

‘The 50 per cent end point of the virus 1s calculated from the previous titration
and a dilution estimated to contam 100 TCD,, 15 tested in tube cultures against 4
pools of echo antisera prepared in monkeys A parallel vieus titration extending 3 to
4 logs beyond the moculating dose 1s also performed to estabhish the correct virus
dosage The pools contain antisera to the 14 known antigentcally distinct echo viruses
and the dilutions are adjusted so that the final concentrations used for neutralization
contain, if possible, at least 20 units of each antibody type The composition of the
antiseram pools cxrrently 1n use 1s shown m Table 2

TABLE 2
Ecro Avtiserum Tyrive Poors
Tool A Pool I Pool C Paol D*
e 2 Type 7 Type 1 Type 4
Typ H ype 1 ¥re 1 u
5 9 13
6 10
1n
[ Oripen Orign Orig
N. Eng Ohio India N Ing
Laoypt
Phii Is

+ Low titers by CPE method, hugh titers by plaque-reduction method
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The sera in Pool D are kept separate since they have low fiters and must be used
I fow dilution in the conventional techme If the plague peutrahzation test {s wsed,
agh serum fiters can be demonstrated

1 neutralization oteurs with 2ay of the 4 pacls, the virus 18 tested against exch
radwvidual member of that poal, agum using 100 TCD,, of arus agunst » dubon
of antiserum containing 20 units of antibady Cactien must be exerased in these
procadees for cectmn amurnal sera may centam nhibitory substances, perhaps true
antibodies against the echo viruses Thus the new virus sught be newtralized, not by
antibody produced g5 a result of the mestigator's imoculation of the anmal, but by
pre-exsting antibody natusally present but unknows to the investgator This
difficalty may be overcome by usig secum at dilations sufficently kigh 2o ehmmate
nonspenfic reactions o by testing as well as
serum to demanstrate the lack of pre-emstung antbady

The following table from Dr Mebmck Sustrates the differentiating we of
neutralization tests

TABLE 3
Resusre witn Neomatmzattox Tests Estastisave Tow Sreame as oo
Vs Tyez 14
Neutsalzation sganst

Antisera. Serum Dulutton | 100 TCD s of Ton Yiryg
Poho Types 1,2, 3 15 Py
Coxsackie Poo} 1* 135 o
e 243 a
A9 1110 o
BY, B2, B3, B4, B5 130 0
Echo Types 333 150 o

‘ests w1th sera for each of
tndwidua} Echo Types 1-13)

Taw, monkey, Rk 2076, prewor 110 °
Rb BO76, postsnce 1o +
Rh 8076, » ™ 1100 +
Rh i, " 14,000 o
Tow, patient, 4th day after onset 1130 ¢
93d day altes onset 1e +
93d day after onset T +

i S
* Coxsackie seruns Poat 1 anusers agawnst Types AL, AZ, A3 Ad, AS, AB, ASQ, B3,
Bz, B3 T

+ Coxmackie serum Pool If antisera apawst Types A6, A, A9, Al2, A

Sfonkeys (1 thesus 1 wocalated sad antra
perstoneatly with Tow strasn  assmptomatic CNS bistolony negative

Suckling mice fovufated subcutanecusds  asymplomatic

Complement Sxation tests versus specfic antigens of other VInuses or groups
may be donc and additionat tests with Lbe patient’s serum, 3 aailsble, can he made

1t 15 apparent that a serologic test of group specificity would be of
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10 s reported to be between 60 and 90 ma % Plague morphelogy of the echo viruses
studied {types 1, 3, 4, 5, 6, 7, and 9) 13 sufficiently distinctue, except for type ¥
(Gamett strain), to permut differentiation from pohio virus plagues S The plagues
of the ccho viruses mentioned had wregular difiuse boundares, and healthy cells
could be found within the degenerated areas

Kidney cells of dufferent monhey species vary mn their susceptibility to the echo
viruses Rhesus (Mecaca mulatfs) snd cynomolgus (A1 irus) cells are susceptible to
all 13 types studied Cells from the South American capuchin (Cebut capucina)
wete found to be resistant to types 1, 2, 3, 7, 5, 9, and 11.2 8 Howeyer, they were
susceptible to type 102 Cells from the Afncan red grass militazy monkey (Erythro-
cebur patasy, which were resistant to types 1, Z, 3, 4, §, 6, and 9, were as susceptitle
as thase {rom the thesus monkey o the type 7 Garnett stram $

If requested by otber mvestigatars, the commyttee 1s prepared to assign num-
bers to new prototype strains that sahisfy the cntena employed or differentiation
of the strains bsted m Table 1 To aveid unnecessary contusion an the bterature, the
committee is willing to (un:uun as 4 clearinghouse for characterszation of new strawms
by with b p! pes In this way the dutwction of mew
prototypes may be hastened

Tf and when any ane of the established types 15 1dentified as the etiologic agent
of a chnically distinct disease, 1t will be removed from the echo group of viruses

The following details were provided by Dr J. L. Melmek.

The 50 per cent end point of the virus 15 calculated from the previous titration
and a dilution estimated to contain 100 TCD,, 15 tested m tube cultures agamst &
pools of echo antisera prepared 1 monkeys A par:llcl wirus hitration extending 3 10
4 logs beyond the moculating dose 15 alsp performed 10 establish the correct virus
dosage ‘The pools contain antisera to the 14 known antigenieally distinct echo viruses
and the dilutions are adjusted so that the final concentrations used for neutralwation
contam, if possible, at feast 20 units of each antibody type The composition of the
antiserum pools eurrently in use is shown in Table 2

TABLE 2
Ecxo Astiserum Tyeove Poots
Pool X Pool B Pool C Tool P*
Type 2 Type 7| Type 1 Type 4
" 3 B 12 1
5 9 13
L] 10
1n
Ongin Orsgn Ongn Ongin
N Ing Ohio India N Eng
Erypt
Thi fs

» Low titers by CPE method, bigh titers by plaque-reduction method
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C Isclation of Virus from Clinical Specimens
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2 By the cytopathogensc effect
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1o, The methods described bave been developed in a number of laboratorses, chuely with
the s ey e Laar L b 2z = B
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great advantage in diagnostic work Studtes with complement-fixation
tests are not yet sufficiently developed to know whether 1n this group as
with the adenoviruses (RI-APC) a common identifying component can
be demonstrated serologically with patients’ sera.

A Conference on Viruses 1n Search of Disease was held by the Section
of Biology of the New York Academy of Sciences on May 24 to 25, 1956
Publication of the conference will provide additional information of the
distribution of the echo group.

1IV. REFERENCES

1 Cummuee on ECHO Varuses, National Foundation for Infantile I‘aral)sl!. Dalldott, G,
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88, 1935
2 Polomyeltis Vaccine Evatuation Center Franris, T, Jr, ef af “Evaluation of the 1954
Poliomyehtis Vaccine Trals™ Am J Pub Ilzalth 45 May Supplement, 1955
3 Kibnek,S and Enders, J F Inpress
42 Dalldorf, G Personal communication
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s Refertnces from ECHO Commttee Repe
Melnick, Am J Public Fodia 48, 570 (1956 dwm WY desd So 81,790
(1985). unpublished dats ebtained with & D Macrae, E. C Curnen, ] T Rinrdan,
J Emmons, § Meimck, D Banker.and P N Bha
3 3 RamoxAluarss and A'B Sovv, Pror Sov Espth "Bt Med 81 655 1958). Am
Pablc Healh, in pres
W DD Hammonand E 81 Ludws, unpublished data
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M 2 moment o conviito, ¥ Duran Reyoals, Yale Unvversty School of Medcine, st
ested that viruses in search of disease be ralled orphan viruses
6 6D Tivangand ] L Meeh, bwolory, m press; unpublhod data
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tories,! so that in the present stage of rapid progress and frequently
changing technics, a standard procedure cannot be recommended The
choice of methods 15 often dictated by the local availability of suitable
tissues and other materals, therefore, certam selected methods that
bhave given satisfactory results i different laboratories will be reviewed

All viruses 1solated i tissue culture from patients suspected of hav-
ng poliomyelitis do not belong in the poliomyelitis famuily.! Some Cox-
sackie viruses, especially those belonging to Type A-9 and all five B
types, are cytopathogenic in tissue cultures of human or monkey cells
Some of the fecal specimens that yield these agents may be negative in
muce, and it is only when wmfected tissue culture fluds are tested i
infant mice that the wvirus may be recogmzed A pumber of other
agents have been 1solated, chiefly from feces of patients with aseptic
(or lymphocytic) menngitis, and from normal children Some of the new
agents (“orphan” or “echo” viruses) are the same size as poliomyelitis
virus and have certam other properttes i common3* They are not
pathogenic for monkeys or mice and are antigenically distinct from the
poliomyelitis and Coxsackie viruses

Another group of agents that have been recovered from the naso-
pharynt and from feces must also be considered These have been 150~
lated 1n tissue culture from patients with acute respiratory disease,® and
related agents have also been isolated in tissue culture from 2 high per-
centage of adenoids of children 8

A GeNErar MeTiODS

Poliomyelitis virus has been cultivated by two main methods, (a)
suspended-cell cultures in flasks and (&) tube cultures either rolled or
held stationary and readily examuined for cytopathic changes under the
microscope Tube cultures are recommended for most work, m view of
the rapsdity and ease with which results are obtained The plague technic
of Dutbecco and Vegt® offers great advantages for precise measurements
of virus and antibody Cell suspensions are recommended for routine
neutralization tests 3t-41

Tohomyelitis virus has been cultivated n the following tissues?.
human embryomc skin, muscle, mtestine, kidney, and lung, Auman
postnatal kidney, testis, uterus, prepuce, tonsil, and subcutaneous tissue,
monkey testis, hidney, lung, and muscle In addition, eultured straing
of cells derived from human cancerous tissue have been used &7 Tt is
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E Cell Growth mn Synthetic Medum
F The pH Color Test for Neutralizing Antibodies
G Virus-nduced Plaques

VI HeLa Huptan Eprrrerian Crir CULTURES
A Medua for Growth and Maintenance of Cells
B Cellular Cultrvation
C Preparation of Cells for Transfer
D Preparation of Tube Cultures
E Isolation and Cultivation of Virus
0f C; Strains of Virus
G Neutralzing Antibody Determnations
H Other Human Cell Lines

VIT AppEnprx
A Preparation of Materals

1 Type-specific antsserum

2 Hanks' balanced salt solution

3 Earle’s balanced salt solution

4 Phenol red indicator
5 Bovine ammniotic flud
6
7
H

Beef embryo extract
Chick embryo extract
Chucken plasma and serum

9 Lactalbumin hydrolysate medium

10 Synthetic medim for monkey kudney cultures

11 Versene solution

12 Mamtenance solution for HeLa cultures

13 Eagle's medium

14 Medum No 199

B Stammng of Tissue Cultures

VIII REFERERCES

1 INTRODUCTION

ue discovery reported n 1949 by Enders, Weller, and Robbins®
that poliomyelitis viruses can multiply i vitro in cultures of human
tissue has led to a revolution in methods in the virus laboratory. The
rmethods of tissue culture have proved to be faster, more convenient, and
more accurate than methods necessitating the inoculation of monke}.'s
or mice Technics have been developed for the isolation and antigenic
- T ‘- ~~1 matenals, quantita-
+ made in tissue cul-
pared from infected
Diﬁerént technical methods are now used m different labora-

cultures
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stertle towel, and kept at 5° C until dissected, usually dissection 15 carned out 1
to 3 hours after hysterotomy The skin, muscle, and connective tissue, customanily
referred to as “shim-muscle,” 15 the matenal often used, mostly dusected from the
arms and legs The lung, too, 18 particularly useful, and other tissue may also be
taken

2 Human postnatel t1ssues Preputial hissues may be obtained from individuals
Tanging 1 age from 3 months to 11 years, in whom circumcision has been performed
by the dorsal shit method after preparation of the skin with tincture of green soap
and zephiran The prepuce 15 covered wath stenle moist gauze and kept at 5° C
unbl st 15 ready to be munced, a proceduse wsually carred out wathin 4 bours of
removal The ning of tissue 1s opened, washed 1n 3 changes of medium, each consist-
10g of about 15 ml, and then minced When tissues, including foreskin, are known
to be contammated with bacteria, the antibotic content of the medium used for
storage and that first added to the cultures should be at least 100 units of pemcilin
and 100 kg of streptomy e per mt

Normal kudney tissue from nfants ranging m age from 1 to 9 months 15 obtamed
as a by-product of the operation of ureteroanastomosis Portions of the ludney
cortex and medulla are minced within 2 few hours of removal Since the resulting
tissue suspension 15 usually very turbid, the minced tissue 1s washed 3 or 4 tumes
with several valumes of medum Occasionally, satisfactory Kidney bissue can be
obtamed at autopsy from infants aged from 1 week to 7 months Other types of
buman tissue obtained at operation may be used These include tonsis, thyroud,
testis, and uterus

3 Monkey issues A vanety of monkey tssues, parhicularly kidney and testicle,
have also been found to support the growth of pohiomyehtis virus

4 3Mincing of tisswes Missues are cut anto Jarge preces (about 1 g) and trans.
ferred in amounts not exceeding 10 g to a 50 ml round-bottom centrifuge tube for
mincing A small quantity of balanced salt solution 1s added to prevent desiccation of
the ussues during tunang This 15 accomplished by repeated cutting with long.
handled scissors until the preces are reduced to appromimately 1 to 2 mm n diameter
A volume of medium equivalent to that of the minced tissue 1s then added Cultures
are usually prepared as soon as muncing is completed The minced tissue can, how-
ever, be preserved for varying peniods as described later,

5 Storage of tissue After mincing With scissors (or passing through a Fuscher
Ppress), fragments are placed n 250 ml flasks contaming 20 m) medium Sufficient tis.
sue 13 added to cover the bottom of the flask with a single layer of fragments The
Bashs are tightly fitted with rubber stoppers and kept 2t about 5° C Virus may be
Propagated with tissues kept for periods as long as 19 days under these conditions

1t has also been found feasible to store tissues 1n the form of finished cultures
Suspended-cell cultures of embryonic skin. muscle prcparcd with medum contain.
ing 0.2 per cent human albumin and stored
Quently supported the multiplication of virus
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difficult to recommend one of these tissues in preference to another, and
final choice must depend upon their Jocal availability.

Several different media bave been used. Most contain a balanced
and buffered salt solution with the addition of such animal materials as
horse or bovine serum, bovine serum ultrafiltrate, bovine or chick em-
bryo extract, beef amniotic fluid, and hydrolysates of nutritionally com-
plete proteins such as lactalburvn {sce Appendix). Synthetic putsient
media®3® have been found desirable for many procedures, It is cus-
tomary to add antibiotics to all media to facilitate the maintenance of
bactenal stenlity Weller, Enders e al.’ recommend that alt manipula-
tions be performed in a chamber or “hood ” Before use, the hood is
wiped out, a towel wet with lysol is placed on the work surface, and
the intenor of the chamber 15 *steamed” for about 10 minutes with the
door closed Mycotic or bacterial 3 have been d
only rarely when this ssimple procedure has been followed, and antibiatics
included m the medum

1. SUSPENDED-CELL CULTURES

This method is an application of the Maitland-type tissue culture t0
pohomyelitis and is described 1n detail by Weller ef ol ® Cell growth
does not take place in this system, but, with appropriate changes of
nutrent flwd, cell metabolism continues for several weeks, These cul-
tures are not examined for cytopathic changes, therefore, when used
for virus wsolation from stools, the problem of nonspecific cytotosicity,
which may mterfere with the chservation of specific virus-induced cellu-
Jar changes in tube cultures, does not occur, Passage of the first sus-
pended-cel] culture fluid, however, is required before the presence of
virus can be estabhshed

Certayn procedures developed, used, and described in Enders’ labora-
tory? ate reported below Although they have been Iargely supplanted,
they are described hete because of their simphicity and because most of
the developments in the field have stemmed from them The preparation
of media is outhned in the Appendix

A PREPARATION AND STORAGE oF TISSUE

1. ITuman emdryomc trssues This materal 15 obtained under stenje precautions
at the time of { for pe Embryos of
between 12 and 18 wecks' gestation are usually obtaned Whenever possible the
embty 1s vemoved from the amnistic sac under stersle precautions, transfecred to &
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2, Maintenance of cultures Cultures are maintamed for periods
varying from 2 weeks to 1 month by changing the medsum at intervals
of 3,4, or § days Ths is accomplished by removing the med:um as com-
pletely as possible with a capillary pipette after the tissue has settled, A
new pipette 15 used for each culture On the average, the volume of
residual medium is somewhat less than 0.2 ml, Three ml of fresh nutrient
are then added to each flask, using a clean serclogic pipette for each set
of comparable cultures, for example, cultures moculated with the same
material or the same dilutton of virus

Between changes of the fluid phase, the metabolic activity of the tis-
sue is reflected by the rapidity with which the pH of the medium de-
clines Tmmediately after the cultures are prepared the pH is usually
about 74 In the presence of actively metabohzing tissue, the pH falls
to 6 8 or lower during the ensuing 3 or 4 days The pH of each culture is
recorded just before the stopper 1s removed prior to each change of
medium

C Is0LATION OF VIRUS FROM CLINICAL SPECIMENS

Suspended-cell cultures may be used on the day of preparation To
each of 2 to 4 cultures 15 added 01 ml of stool suspension (or throat
swab or spinal cord), treated as mdicated on pages 63 to 65 After § days
of incubation at 36° C , the fluids are harvested and tested in vitro for the
presence of virus A series of experiments with stools of patients and
with established strains of poliomyelitis virus showed that virus 15 ad-
sorbed 1n suspended-cell cultures (of monkey kidney) 1n about an hour
and then multiplies in them to reach peak titers usually in 5 days 34 1f
the amounts of virus in the angmal inoculum are minmal, then virus
may not be detected in the Sth day harvest Because of this possibdity,
the flmd should be replaced after the 1st harvest, and a 2d harvest made
5,10, and 15 days later

D DrrectioN of VIRus

1. By the pH-differentsal test. As mndicated above, infected tissues
usually fail to maintan a metabolic rate, as measured by acid produc-
tion, comparable to uninfected control tissues To follow changes in pH
colorimetrically a seties of KH;PO,—NaOH buffers are prepared, cover-
ing the range from 6 8 to 7 6, with an interval of 0.2 pH unit. The pH
of each buffer 1s checked with a pH meter and phenol red is added in 2
concentration of 20 pg per ml These standards are sealed 1 3 ml
amounts 1n 25 mt Erlenmeyer flasks by drawing out the necks in 2 gas-
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B PREPARATION AND MAINTENANCE OF CULTURES

1 Preparation of cultures.® As routine, suspended-cell cultures are
prepared n 25 ml. Erlenmeyer flasks Three ml of nutrient are added to
each of a series of flasks, which are then loosely closed with No 0 rubber
stoppers With a large bore capillary pipette (about 3 mm, wternal
diameter), 3 or 4 drops of the mnced tissue suspension are placed in
each flask, With practice, the number of fragments added can be hept
fairly uniform by inspection. The flasks are agitated to distribute the
tissue 1n the medium and are tightly stoppered § Unless the flasks are
tightly stoppered, the pH of the medium of individual cultures inoculated
with the same material may vary widely, Cultures are incubated in the
stationary position at 35° C After 1 to 4 days, the first change of medum
is made, and the virus moculum is added. In each test a minimum of 3,
and usually 4, cultures are inoculated Three or 4 cultures to which
virus is not added are always included as controls.

Ordinary 16 by 150 mm test tubes may also be used for suspended-
cell cultures, with 1 to 2 ml of medium, the tubes are kept on their sides
at an angle of about 5° so that the tissue fragments are bathed by a thin
fayer of fluid Tubes are held stationary (or may be rolled) durmg incu-
bation at 36° C The suspended-cell culture techmic has been adapted to
51 bottles for the large scale production of virus ®

The nutrient medium may consist of: (1) medium No, 1998; or (2)
05 per cent lactalbumun hydrolysate n Earle’s balanced salt solution™,
or (3) 1 part serum ultrafiltrate and 2 parts balanced salt solution
Pemeillin (100 umts per m! ) and streptomycin (100 pg. per ml) are
incorporated into the medium to reduce bacterial contamination, and
phenol red (20 pg per ml ) 1s included to serve as an indicator of cell
metabolism as reflected by pH changes
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with embryonic skin-muscle tissue, the cytopathic effect of virus in sus-
pended-cell cultures may become apparent as early as 8 days after the
flask 13 moculated with virus Plasma hanging-drop cultures are pre-
pared from tissue fragments removed from flask cultures at varying
intervals after the addition of virus Control hanging-drop cultures are
made at the same time from untnoculated flasks In 2 to 3 days frag-
ments from control umnoculated flasks develop well-defined zones of cells
which continue to increase and present a normal appearance for 7 days
Fragments from virus-infected cultures either fail to show cell migratton
or exhibit a meager outgrowth with pronounced degenerative changes
ccewrning within § days Tables 2 and 3, taken from Robbns et of 12
show virus titrations and antigenic typing carried out by this method

TABLE 2
TiRATION 0P VIRUS IN SuseeNpED-CEir CULTURES 8Y INHIBITION-OF-CELL
MicraTION TEsT*
Cell migration i plasma hanging-drop cultures + Fragments taken from flask
cultures 22 days after (noculation, With concentration of virus mdicated

Virus strain J 10! j 10 10 10~ 105 | Novirus
Lansingt 0/6 0/6 1/6 2/6 6/6 10/10
Brunhilde} /6 0o/6 0/6 5/6 6/6 10/10

* From Rolibins, Enders and Weller 12
1 Ratio of numbers of evplanted fragments showing hormal cell migration after §

TABLE 3
Seecrric Inmsstioy of 7uE CYTG Eerecr or P
Virus As ISDICATED BY Tits Crzr Micmatiow Test*
Cell migration in plasma hanging-drop cultures Fragments taken from flask cultures
26 davs after moculation of varws (03 Tl of tissue culture Suids) and serum indicated

Virus Lansing Brunhide | Normal Monkey
Inoculum Antiserum Antiserum Serum

Tansing 12/12 o012 o/12

Brunhilde 0/12 12/12 0/12

* From Robbins, Enders, and Weller 12
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oxygen burner. The pH of cultures 1s estimated by direct comparison
with these standards.

A distinct pH differential between the control and infected cultures
may be noted from 12 to 20 days after moculation The test is not abso-
Iutely reliable, however, and subcultures to other flasks should be made
if the pH-differential test in the original cultures is negative. Sometimes
the test becomes positive only 1n the subculture. Virus titrations may be
carried out by using this test to determine the end point of virus mfec-
tivity. In the example shown in Table 1, the suspension had a titer of 104
per 01 ml of the volume of inoculum

TABLE 1
TrTRATION OF ViRUs BY TRE PH-DrrperentiaL TesT Iv Suseespep-Cetl
Cuttures oF Husan Entsryovic Bramv*

PH of Culture Fluid} after Indicited Number of
Concen- Days of Incubation
tration p— —
of Virust 3 7 1 15 20 24 3
10-! 68 638 69 71 72 73 73
0 68 638 69 71 72 73 73
10°8 68 68 68 70 71 73 73
104 68 68 638 69 69 72 73
1078 68 68 68 68 68 68 69
No virus 68 68 68 68 68 68 69

* From Robbias, Enders, and Weller 12

t Inoculum mouse brain infected with the Lansing stram

£ Average of individual pH readings of the flud medum in 3 flasks Supernatant
fids were removed and fresh mediom added on the days mdicated Readings were made
Just before this was done The pH of the fresh media varied from 75to 77

2 By the cytopathogensc efect, Fragments of tissue in which poho-
myelitis virus has grown show a necrotic appearance when examined
istologically.!? Few or no well-p ved cells may be seen, The changes
consist of loss of typical staining properties, nuclear pyknosis, and frag-
mentation of cells. Fragments of the same specimen of tissue which have
been held in control cultures not exposed to the virus should also be
ined for comparative purposes Histologic d between con-
trol tissue and tissue which has supported virus growth become apparent
between the 16th and the 30th day of cultivation.

3. By the inkibition of cell migration. In this test, which works best
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into the nutrient medium has been found useful Synthetic medium No
199 contains a well-buffered mixture of amino acids, glucose, purines,
pyrimidines, vitamins, coenzymes, and minerals (see Appendix). If a
strong buffering medwm is present {Easle’s salt solution), the cellufar
outgrowth may be sufficiently luxuriant for use before any replacement
of medium is necessary

Certain sera, patticularly bovine, may contain virus inibitory sub-
stances If they are added to stimulate growth, it is essential before
the culture is used to replace the serum-contaiming medum with a main-
tenance medium free of serum This tedious operation can be overcome
by using sera from selected animals proved to be free of inhibitory sub-
stances, The sera of 6-month-cld calves are highly satisfactory  thus
regard,

Media containing amniotic fluids, embryonic ettracts, and serum
may support the continued growth of cells for periods of several weeks,
however, cultures containing medwm No 199 or lactalbumin hydrol-
ysates without added serum are satisfactory for <hort term experiments,
especially for neutralization tests Moreover, cultures with these media
support virus multiplication as well as do those containing embryonic
extract or serum For certain purposes the benefits of protein-free fluid
media are great, as in the production of virus for vaccines?® and in com-
plement-fixing antigens 222

For 1llustration, the following procedures wath human tissues have
been taken from reports of the Children's Medical Center of Boston 1314
Similar methods have been described for monkey tissues !317 These
papers should be consulted for more detatled descriptions of the be-
havior of tissues in plasma-clot cultures

A, PrePARATION oF Tissurs

A variety of Lssues of humin and monkey ormn may be employed Those
which have been more extensively studied include human embryonie stun-muccle
and lung, hutaan uterlue, testicula, or tonsilar tissue, and hidney and foreskin from
young children Kidaey and tests from rhesus or cynomolsus monkeys may be
used Some of these tissues have already been discussed in the section dealing with
suspended-cell cultures, and only a few additional comments will be made here
Very smll embryos may be minced and used in their entirety Uterine tissue 35
obtained at operations performed for a vanety of conditions that irclude carcmoma
of the cervit, adenomyosts, ard adeno-carcinors Material from younger women,
ranging in age from 32 to 43 years, who have not reached the menapauce Is selected
Immeduately after removal, a seetion of the wall fs taken without entering the
fumen, st & point removed from any lesions The tissue, therelore, conusts predomi.
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E. ANTIGENIC IDENTIFICATION OF VIRUS

Neutralization tests with specific antisera to the 3 types of pohomye-
ltis virus are usually carried out in roller-tube or stationary-tube
cultures, where the results hecome apparent more quickly than in sus-
pended-cell cultures. They can, however, be performed in flask cultures
as follows:

0 1ml of undiluted antiserum {or 1.5 or higher dilution if the serum
15 potent) 15 added to a suspended-cell culture. One half hour later 0.1
m) of pooled fluid from a set of flask cultuves is added. Some contan
normal monkey serum and virus, and others contam neither vitus nor
serum, All cultures are incubated at 36° C. Nutrient fluid is changed
every 4 or 5 days as needed, and the pH of the medium is recorded. The
pH-differential test (see¢ above) becomes positive in the contral virus
cultures and in those cultures containing heterotypic antisera; that is,
their metabolism Is inhibited so that cultures in which virus grows do
not become as acid as cultures wathont virns, or cultures containing virus
and homotypic antibody The inhibition of cell migration for virus
actwvity may also be nentralized by type-specific antiserum, as shown in
Table 3 The virus is 1dentified as to type by the serum which neutral-
zesat.

III. ROLLER-TUBE TISSUE CULTURES

Such cultures may be prepared by embedding tissue fragments m
an avian plasma clot spread thinly over the inner wall of a 16 to 18
mm diameter test tube to which 1 to 2 ml of nutrient medium are then
added. The test tubes are placed in a drumlike, perforated hoider, which
is 1tself mounted on a spindle at its center. The entire unit 15 rotated
(abont 12 revolutions per hour), thus cyclicly bathing the tissue em-
bedded i the plasma-lined tubes As with flask cultures, the fluid
meduum is usually replaced every 4 or § days, or at longer intervals 1f
the medium is well buffered. After several days at 36° C, proliferation
of fibroblasts or epithelial cells is usually quite marked. If poliomyelitis
virus is now added to the cultures, subsequent cytopathic changes in the
outgrowth serve as an in vitro mdreator of virus multiplication, which
can be observed and followed readily under the microscope

The nutnent media used in plasma-clot tube cultures of poliomye-
Jitis virus may contain whole serum, serum ultrafilteate, embryonic ex-
tracts, bovine amniotic fluid, and buffered salt solution **17 For some
putpases, the incorporation of 0 5 per cent of enzymatic hydrolysate of
Jactalbumin of other proteins'™1® or synthetic mecdium No 199182
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clear areas occastoned by plasmalysis or retraction appear in the plasma
coagulum in the vicinity of the tissue fragments The mgrating or grow-
ing cells tend to be compressed atong the margins of these areas, and the
growth of fibroblasts into them is restricted As interruption of the
plasma layer extends, many of the tissue fragments may become de-
tached, leaving behind only small aggregations of fibroblasts Damage
to the plasma coagulum does not nterfere significantly with the growth
of epithelal cells, since in contrast to fibroblasts they tend to adhere to
the glass With the exception of kidney and prepuce, the outgrowth from
the tissues i has been bl When lysis
begins to appear, the plasma coagulum may be repaired or “patched” in
the following mannter The nutnient medrum 1s removed A drop of plasma
15 added and distributed over the surface of the culture by rotation of
the tube A drop of chick embryo extract 1s then spread 1n the same way
Actively growing cultures of human fibroblasts may require “patching”
every 4 to 5 days
The need for this time- it may be

through the use of crystalline soybean trypsin mhibitor,* commercially
available A concentration of 0 18 mg per ml in the medium practically
eliminates lysis of cultures of human embryonic skin-muscle tissue A
concentration of 005 mg per ml, however, so delays disturbance of
the coagulum that “patchmg™ 15 unnecessary, unless the cultures are
maintained for an unusuatly long time A 1 per cent stock solution of the
mhibitor m balanced salt solution may be prepared, sterilized by filtra-
tion, and stored at 4° C unt:l used

C Isoratioy Anp TypinG oF Virus

1 Isolation of wrus For virus isolations 1n plasma-clot cultures
of human tissue, embryomc skin-muscle, mature uterus, or kidney
tissues are used 2% Cultures are nourished with 2 ml of a medium
contaming 90 per cent bovine amntotic fluid, $ per cent bovine embryonic
extract, and 5 per cent horse serum ' The following procedure is recom-
mended by Kibrick and others ** a 10 per cent fecal suspension 1s made
in the bovine ammotic flurd medium, which for this purpose contains 100
umts of penicillin and 50 pg of in per ml The is
centnifuged in the cold at 4,000 rpm for § hour 01 ml of the super-
natant fluid is inoculated into each of two cultures (The remainder of

* Worthmgton Binchemicat Laboratory, Freehold, ™ §
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nantly of myometnum The specimen 13 wrapped in stenle gauze moistened with
saline for transfer to the laboratory After mincing, as destribed in the section on
suspended-cell cultures, tissues are washed several tumes with balanced salt solation,

Treatment of kidney tissue with trypsin a8 recommended by-Simms for adih
tissies may reduce the period before cell outgrewth occurs. This procedure 1 carried
out 1n the following manner munced tissue as meubated for 234 hours at 35° C.in
Z or 3 volumes of 05 per cent solution of trypsin (1 250) made in salt solution-
ultrafiltrate micture and sterihzed by filtration The pE of this solution should be
prev ously adyusted to 74 to 75 by addition of 34 per cent sodium hirarbonate
solution After tncubation, the tissue fragments are washed 3 times waith nutrient
and then explanted 1f not mmethately explanted, about 2 ml of tissue fragments
may be suspended i 20 ml medsum and stored 1n 250 mi, stoppered flashs at 4 C
for varymg petiods of time They have proved viable after storage for 2 weehs of
Tonger

B PREPARATION AND MAINTENANCE OF RoOLLER-TUBE CULTURES

1. Preparation, One or 2 drops of chicken plasma are spread in 2
thin layer on the lower two-thirds of the tube with a capillary pipette or
sterile swab The tube is slanted, and any excess plasma removed after
it bas coflected in the bottom. Wath a capillary pipette, about 2 mm in
diameter at the tip, 1 drop of the tissue suspension is deposited on the
wall of the tube and the fi distributed as umformly as possible
in the thin plasma layer During the preparation of the cultures, the
fragments are suspended in a very small velume of rutrient, since evcess
fluid tends to prevent their adherence to the wall of the tube, Immedi-
ately after the introduction of the tissue, 1 drop of chick embryo extract
is added, and the tube is rotated in order to achieve even dstribution of
the extract throughout the plasma layer Chick embryo extract is em-
ployed to provide homologous thromboplastin, since firm clotting of the
plasma does not occur m the presence of the heterologous thrombo-
plastins supplied by the human tissue or by the beef embryo Commercis!
thrombin has been used, hawever After clotting has taken place, Z ml. of
the nutrient medium are added to the tube, which js then stoppered
tightly and placed in the rotating dram for mncubation

2 MMaintenance Every 2 to 3 days, the cultures are remoaved from the
rotating drum, the fluid medim s withdrawn, and the same guantity of
{resh medium added The progress of cell growth is followed by exam-
ining them under a magmfication of 50 to 100 times The culture tubes
are supported on the microscope stage in a shghtly inclined position in
order to prevent the fluid from touching the stopper. After S to 7 days
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a. Indirect method A 1:10 dilution of fluid from a roller-tube cul-
ture showing cytopathic changes provides the virus for typing. To 015
ml of each prototype serum in separate tubes 1s added an equal quantity
of virus dilution The tubes are shaken, incubated for one hour at about
4° C,, and 0 2 ml. of each muxture 1s then transferred to separate roller-
tube cultures The roller-tube medium 1s changed prior to inoculation
but only as needed thereafter Cytopathic changes are usually evident
in two of the three cultures within 2 to 5 days, depending on the tissue
employed The type of the unknown virus 1s indicated by the prototype
serum in the intact, remainung culture Rarely, all three tubes may show
evidence of viral degeneration In such cases the typing is repeated with
amore dilute viral inoculum

b, Direct method For direct typing the method is similar to that
employed above except that the 10 per cent fecal supernate 1s substituted
for the first tissue-culture passage fiuid as the virus source, The medium
is changed on the following day Further addition of antiserum, however,
is not necessary While any tissue may be used, human kidney 15 the
tissue of choice because of 1ts greater sensitivity, more rap:d response to
the presence of small amounts of virus, and greater resistance to fecal
tovicity With tissue cultures of both human and monkey kidney, the
use of larger fecal inoculum and one hour periods of contact with the
culture are also feasible for direct typing at the time of virus isolation.

1V STATIONARY-TUBE CULTURES

Satisfactory results may be obtained with tube cultures which are
held stationary, as well as with those which are rolled %17 1821 Cultures
are prepared as for roller tubes, using 16 by 150 mm test tubes They
are held stationary on their sides slightly inclined in a rack ($°), so
that 1 ml of nutrient fluid forms a shallow layer and reaches about one-
third of the distance from the bottom of the test tube to its mouth
(Fig 4) Several ussue fragments are submerged in the fluid medium
‘The cultures are incubated at 36° C and are treated as outlined above
for roller-tube cultures As with roller tubes, stationary-tube cultures
are useful for 1solating and typing poliomyehtis viruses and for carrying
out neutralization tests,

Stationary-tube cultures can be prepared in the absence of a plasma
clot, for tissue fragments c2n be made to stick on glass preheated to 45°
C in the ahsence of plasma and clotting satution?! The cultures are
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the supernatant fluid is frozen and stored at ~15° C.) The medium is
replaced the next day and again as required when the pH falls If no
cytopathic changes characteristic of vital activity are observed after 4
to 5 days of incubation at 35° C,, 1 to 3 ml of the fecal suspension are
thawed and inoculated into new tissue culture tubes The cultures are
rotated at 35° C for an hour The fluid contents are then replaced by
2 ). of fresh medwm, which are again changed on the next day. If the
tovic effect* of the fecal suspension is marked at 24 hours, the cultures
are allowed to incubate for another day, and 0.1 to 1 0 ml. of the culture
Buid is inoculated mto fresh cuitures Where the toxic bffects are nat
pronounced, the cultures are observed daily thereafter for cytopathic
changes mduced by the virus Figures 1, 2, 3 show virus-induced changes
in fibroblast and epithelial cell cultures, as seen in living preparations
under the ordinary, and the phase, microscopes.

Uterus, embryonic skin-muscle, testis, and foreskin cultures should
be examined for two weeks after addition of the specimen Virus-induced
degeneration proceeds more quickly i kidney cultures, and such cul-
tures need be observed for only one week Cultures of kidney tissue have
proved better able to withstand larger volumes of fecal suspenston than
cultures of other tissues, since kidney epithelial cells appear to be more
resistant to fecal toxins Moreover, such cultures are not seriously af-
fected by the trypsin-like activity which many fecal suspensions exhibit
and which cause lysis of the plasma coagulum, thus resulting in the
removal of growth completely Smce kidney epithelial cells are mamly
attached to the glass, they remamn undisturbed by the disintegration of
the coagulum

2 Typing of virus The following procedures have been used by
Kibrick, Enders, and Robbins2® Immune sera, prepared in monkeys
{see Appendix) are mactivated at 56° C for 30 minutes and diluted to
1 3 prior to use. Saline or phosphate buffer may be used for preparation
of serum and virus dilutions,

* Toxic effects vary from cellular granulanty to rounding and necrosis Cells or hissue
fragments may be liberated in the flud medium

L o et er wth
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The technic 15 relatively simple, requizing only test tubes,* preheated at 45° C
and stored in the boves 1n which they have been washed and sterilized, an empty box
for transfer of the tubes, an uncalibrated pipette (tapered to 2 2 mm opening)
wath small rubber bulb, 2 flat racks for holding 24 tubes, and the tissue mince The
warm tubes from the box are placed on the rack, and kidney fragments are streaked
in a narrow line mto the lower third of all 24 tubes For best results the tissue,
enough for 24 tubes, 1s taken ito the ppette with the mmimum amount of fAud
necessary to make the streaking possible After the tubes have had tissue put into
them, they are transferred Into another box The preparation of a box of 17 tubes
m this manner takes about 5 minutes During this time there 1s 2 drop  temperature
of the tubes from the onginal 45° C Adhesion to the tubes or growth potential of
the tissue does not vary ciscermbly in the first or last tubes made mn each box When
the tubes have all been placed in the second (transfer} box, the sterle top from the
first box 18 also transferred to it These tubes remam at room temperature for about
§ minutes while the next box 15 being prepared After this time, they are transferred
to a refnigerator (4° C) where they remun for 30 minutes (It 1s detrimental to
hold them without fluid for more than €0 munutes, even at 4* C ) After their tem-
porary storage in the cold, the tubes are filled with 1 ml of growth medium by an
automatic Cornwall pipette t When added to the tube, the flurd should not be
directed on the tissue fragments The tubes are quickly stoppered after addition of
medium and are held 1n boxes sumilar 1 size to those described above The storage
box has a board strip 256 mm by 10 mm by 5 mm high, fixed across the front lower
edge to provide the desired tilt o the tubes A row of small nais with 4 mm heads
driven into the back of the box 16 mm apart and 12 mm from the bottom of the
box keeps the first row of tubes 1n position and facilitates the storage of the upper
tows Each box firmly holds 145 tubes Each alternate tube 1s pulled about ¥4 inch
1o reduce excessive tilting of the upper rows, whih restlts from the diameter of the
stoppers being farger than that of the tubes The tubes are left undisturbed at 36° C
for 10 to 14 days, at which time clear, luxunant sheets of epithehal cefls about 10
mm in mean diameter appear Not every tssue fragment gives nise to a sheet of
cells, but usually 2 to 4 sheets are formed in each tube Before use, the growth me-
diam 1s replaced with a maintenance mediom consstng of § part of No 199 and
1 part of Earle’s salt solution

* Washing and care of test fubes Test tubes (16 by 150 mm ) are immersed over
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incubated at 36° C., and the new cells grow out directly on the glass
surface. No antitryptic factor is necessary to prevent the lysis of the clot
and the possible loss of the culture Before the culture is used, the tissue
fragment, easily removed to leave behind a sheet of newly grown cells,
can be transferred to seed another culture tube. This technic has been
used chuefly with monkey kidney tissee,

Producyion of virus in large quantities, as required for production of
vaccines X) complement-fixing antigens, 15 possible, using sheets of epi-
thelial cefls of normal monkeys, bathed in protein-free medsa at the tme
of virns maculation. In these preparations no proteins incorporated in the
plasma clot can coniaminate the virus yield Virus can also be grown in
suspensions of Kidney fragments without added protein, but the epithe-
Lal outgrowth appears not only to be more sensitive to smaller amounts
of virus, but also to yield fluids of higher virus titer,

A. Preparation of Tuse CULTURES

Kidneys are taken from either cynomolgus or rhesus monkeys Soon
after its removal from the monkey, the kidney is minced in a2 wide-
mouth tube (about 1 inch) containing two volumes of Earle’s salt
solution. The kidney is reduced to fragments of about 1 mm. in diam-
eter and the suspension of fragments 1s transferred to a 100 ml, flask.
They are washed by repeated addition of salt solution and decantation
of the turbid supernate The heavy fragments settle rapidly and the
Tighter undesirable fractions can be removed, using about 300 ml, of salt
solution per kidney Kidney tyssue thus washed »s kept in a 100 ml. flask
in 50 m! of Earle’s salt solution at 4° C until needed. It can be used
for as long as 3 days with no appreciable loss of viability. One pair of
Yidneys from a young monkey (5 to 7 pounds) can provide tissue for
2,000 ptimary culture tubes

The growth medium conssts of 90 per cent medium No 199 and 10
per cent bovine serum The use of serum from 6-month-old calves is
rec ded, for virus inhuby often present in the serum
of adult animals are not usually found in such calf serum, Penicillin and
streptomycin are added so that the final concentration is 100 units and
100 pg. per ml. respectively. Antimycotic agents such as nystatin at
concentrations of 100 units per ml may also be fncorporated into the
medium; 1 mi. of nutrient 15 added to each culture
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D. IpenTrFicATION OF VIRAL TyPEs BY NEUTRALIZATION TESTS

Fluids from primary 1solation, or from second passage cultures, show-
ing a viral type of degeneration are tested against each of the three spe-
cific poliomyelitis antisera The sera are prepared by hyperimmunization
of monkeys (see Appendix) and should have titers of more than 1 1,000
agamst 100 TCso doses of virus The test 15 carried out as follows15:25-
02 ml of tissue culture flmd, 10-fold diluted, is mixed with 02 ml of
each antiserum, previously diluted 5-fold with balanced sait solution,
After incubation for 1 hour at room temperature, 0 1 ml of each serum-
virus mixture is inoculated into 2 kidney culture tubes The cultures are
incubated in a stationary position until examined, 3 and 6 days later
‘The virus 15 1dentified by the serum which neutralizes 1ts cytopathogenic
property If a virus 1s not neutrahized by any of the three antisera, it 1s
tested again by carrymg out titratiens of the virus m the presence of
each of the antisera Occaswonally a pohomyelitis virus of high titer may
not be neutralized 1f undiluted or 1f 10-fold diluted tissue culture flind
is mixed with antiserum

As with roller cultures, isolation and typing may be accomplished at
the same time, and this 15 the most rapid method for typing viruses m
clinical specimens The material under test, usually stool suspension, is
mixed with an equal volume of 1 10 dilution of type-specific poliomye-
Iitis antisera The suspensions are then tested for virus as outhned in the
above Section C Virus degeneration will oceur in cultures inoculated
with the stool plus heterotypic sera, but not in cultures recerving the
stool plus homotypic serum

V TRYPSINIZED KIDNEY-CELL CULTURES

Dulbecco and Vogt have reintroduced the technic of growing cells
obtained directly from trypsinized tissue on glass surfaces 26.2* The cell
suspensions which are prepared from hidney fragments produce Juxuriant
monolayer cultures on any clean glass surface, petri dish, test tube, or
bottle held in the stationary position Tube cultures prepared in this way
are used n the same way as cultures prepared as outlined in the above
sections

Poliomy ehitts wvirus will give rise to plaques on monolayer cultures
of epithelial tissue obtained by the techme introduced by Dulbecco,
Counting plaques permits highly accurate vicus and antibody titrations,
and pure lines of wirus can be isolated from single plaques The pro-
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B. PrepararioN or BorTLe CULTURES

The same technic employed m making tubes can be used 1 growing plasma-
free cultures 1n flat-sided botiles, from 1 to 51 m volume The amount of tissue
needed varies with the size of the bottle For evample, with a bottle having a fiat
side of 36 5q cm, 4 or § drops of minced kidney suspension are placed on the mside
wall and spread about with a pipette The munce of a third of a kidney may be placed
on the flat side of 2 51 culture bottle The bottle 1s stoppered and turned to allow
excess flud to dram from the tissue After 5 minutes at room temperature and %
hour at 4° C, the growth medium 1s added to cover the tissue with about 7 mm
of flud The bottles are mcubated m the stationary posiion at 36° C. The growth
rate of monkey kudney tissue 1n bottles parallels that of test tube cultures

Prior to moculation of bottle cultures, tissue fragments are manually shaken
loose from the wall of the bottle The fragments and the media 1n which they are
suspended are transferred to another stenle bottle and incubated further at 36° C.
The onginal bottle is rinsed thoroughly with salt solution to wash out the serum,
and mamtenance medium 15 added to cover the tissue with about 7 mm, of flud
Battles with confluent growth moculated with 10,000 to 100,000 TCsq doses of virus
have ytelded harvests 24 to 43 hours later with titers of 10-% 5 to 10-7 5, and at times
even 10-8 per ml,

C. Isoration oF Virus N KmoNEY EpITHELIAL OUIGROWTH

Material suspected of containing virus 1s treated to remove bacterza
as outlined in the chapter on Poliomyelitis. To each of 4 culture tubes,
0.1 ml of the treated suspension may be added and the tube maintained
stationary at 36° C. Tubes are examined daily for 10 days to determine
‘whether material such as stools are toxic for cultures (usually apparent
within 24 hours) or whether they contamn a cytopathogenic agent (usually
apparent between the 3d and Sth days) If stools are cytototc, fluids
for passage are harvested on the Sth day, otherwise they are harvested
when degeneration is clearly evident.

Because virus s rapidly adsorbed to tissue culture cells, larger
amounts (1 mt) of material to be tested may be added to the cultures,
removed after an adsorption period of 1 hour, and replaced with mamnte-
nance medium The period of 1 hour is sufficiently long for adsorption
of a large part of the vitus but is short enough so that cytotoxic effects
are rarely poticed, Epithelial cellular optgrowth from kidneys is more
resistant to the toxic factors in stools than is the fibroblastic outgrowth

from testis.
Passage and neutralization tests are carried out to identfy the virus.
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Step 3 The cut tissue 15 transferred to the trypsmzation flask (Fig 5)* and
covered with trypsin prewarmed to 37° C

Steps 1 to 3, the preparation of 1 kidney, should take about 7 to 10 minutes
The process 15 repeated for each of the remaming kidneys After each kidney s pre-
pared it 15 added to the others, covered with trypsin, and incubated Thus, 6 to 8
fudneys may be convenently prepared in the hour required before stiumng begins

Step 4 One hour after trypsin 1s added to the 1st kidney the mcubation flwd
15 decanted mto a stenle flask, which 1s kept at 4* C Fresh prewarmed trypsm 15
added to the flask to a level equal to a total volume of about 150 ml

Step 5 Tissue and trypsin are stired with a magnetic stirrer for 7 munutes
The speed of stirring should be sufficient to allow rapid mimng with cavitation but
10 foaming

Step 6 After 7 minutes of stirring, the magnetic sturrer 15 turned off, the tissue
allowed to settle, and the fluid decanted into the receptacle containing the incubation
fud

The remaning tissue 15 washed clean of iree but adbenng cells by adding 50 to
100 ml of trypsin solution, and then swirled by band and decanted If the tissue has
been solubilized sigmificant!y duriag a run or wash, the decanted fluids when beld to
the bght are seen as a fine suspension of tissue fragments and cells After the 3d or
4th run, it may be necessary to wash the tissue 2 to 4 times before the washings are
clear

Thus step, decanting, washing, and refiling, should be done without haste and
may take as much as § to 10 munutes

Step § (maung with trypsin) and Step 6 (decanting and washing) are repeated
6 to 8 tumes or unti} there 1s a noticeable decrease in the rate of solubilization of
tussue a3 indicated by a clearing of the fuids

Step 7 After 6 to 8 runs, when the fluids bave noticeably cleared, the tissue 15
removed to a small beaker Usually at this point considerable connective tissue has
become vistble during trvpsimzation and may nterfere with miung The connectve
tissue 13 cut and 1f necessary the remamng tissue should be cut into pieces of 05 em
1 size The tissue 15 covered with trvpun and incubated at 37* C for 20 minutes

Steps 5 and ¢ are repeated after the 2d mcubation until tissue 1s exhausted
The number of runs required to exhaust tissue varies with the mass of tissue A
total of 8 runs 15 usually suffictent for 4 kidnevs and 10 to 13 for § kidneys

Step 8 The combined fluds from all of the runs are centnfuged at 200 rpm

e
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Step 9 The supernatant fuid is removed from the packed eells by » vacuum
aspirator The fluid can be removed to within 1 to 2 ml wathout removing cells

he flask, as well #5 the automatsc type shown 1n Figure & may be obtalned from
Matataster Bicknel] Co , Heary St New Haven Conn or from Microbiological Assoclates,
Bethesda, M4
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cedure below is Rappaport’s modification?®3% of the Dulbecco-Vogt-
Youngner?” method,

A Soturroxs, Mepta, anp Ceth Counts
1 Phosphote-buffered saline { PBS)
a NaCi80gm, KCIOZ gm , NagHPO, 115 gm , KHoPO, G2 gm ; water
800 mt

b CaClz01gm , water 100m]

€ MgClL s 65,00 1 gm , water 100 ml

Autoclave solutions a, b, and ¢ separately and mit when cool

An altetaative methad is to dissolve all the salts « 1,000 m? and to sterhze by
filteation

2 Trypsen, 3 250 or 1 300 Prepare a 0 20 per cent solution an PBS Sterdue by
fltration

1 Grouik medwm For washing, suspending, and growsrg the dispersed cells,
the foifowing methum s used factalbumm enzymatic bydrolysate, ¢ 5%, calf serum,
20%, Hauks' solution, 97 5%

4 Cell counes Qne part of cell suspension 15 treated with two parts of a stan
of 0 1% crystal vaolet in D 1M atnc aad The stasned suspersion 1 mied thoroughly
and eounted, using a bemocytameter Al the cells falhing n the four large squares of
the hemacytometer, 2s used m a white celf count, are counted and averaged Cell
count per m} equals average count per square X 20,000 (hemocytometer volame)
X 3 (dilution factor) Only cells showing both pucler and cytoplasm are counted
The following convention 15 used in counbing clumps  clumps 1n which the individual
nuclei are sursounded by = large volame of cytoplasm are treated a3 aggregations of
single cells and every visible cell is counted When the clump shows the pucles close
together with litle viuble cytoplasm, the whole clump 13 counted as only one tell
Three abquots of the suspenson to be counted are taken and stamed The couats
on each aliquot are made i dupheate, weloding charging the hemocytometer, and
averaged

B. PREPARATION OF TRYPSIN-Dispersep CELL SUSPENSIONS

The prepatation and trypsimzation of 3 fadneys takes about 4 to § bours The
yreld 15 between 06 and 08 X I08 cells per gm of “dressed” pssue

Step 1 Kidneys ate removed from freshly hofled and exsangusnsted monkeys
{rhesus, cynomolgus, cercopithecus, and bahoors may be used) The kdneys ar®
decapsulated and eut 1w hatf This 15 best done by holding the kidney femly with
forceps and makme 2 cut through the kidney hocizontal to the flaf surface wieh
uterine scussors, exponng the central pelvis The pelvis )s removed by cutting around
1ts ovter edges hiting it with forceps 1o free 1t from the underlymg hssue Any
adbening connective tissue 15 also discarded

Step 2 'The tusue ts cut into preces about 1 em by 1 em It s wmportant to
cut through the tissue becavse strands of coonective tussue may mtetlere with proper

mixing
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1. Operation of fiask The tssue and magnet are placed 1 the flask in which
the outlet drain has been closed by a pinch clamp 100 te 150 ml of trypain solution,
prewarmed to 37° €, are also added ‘The trypsin reservour Is placed so that trypsn
can be admitted into the nuxing chamber by siphon action through a drop of at
least 1 foot The reservoir should be kept at 37° C The outlet drain should feed
into a sutable receptacle, placed at least 15 feet lowet than the muxing chamber,
16 1L 15 desirable ta tap the trypunizer for cell suspension throughout the day, it s
convenient to use 2 bell cap on the outlet tube for the receiving flask. The bell cap
¢an be changed easly from one receptacle to another with & mimmum chance of
contamination If the cells are to be kept several hours before harvesting, the recep-
tatle should be kept m an we-water bath

“The magnetuc stirrer 1s started and the flask centered 30 that the magnet operates
smoothly m the center of the Sask The tissue 13 mcubated with gentle sturing for
30 {0 45 mutes After incubauion, the speed of the sturing is increased untl there
18 ramd swirling of tisse up and around the sides of the mumng chamher There
should be shgbt tavitation but no foaming

At this time, with the air valve closed, the drain valve is opened slowly, Trypsin
will flow from the musing chamber into the recerving jar and will pome the siphoning
of trypsin from the rescrvow When trypsin starts flowing into the minng chamber,
the inlet valye should be closed gradually until, with the drain valve completely open,
the tate of flow through the flask 18 regulated by the pineh clamp on the falet from
the trypsm reservour

During trypsnzation, small pieces of tissue may escape through the dram into
the recerving Jar If the tissue has been cut as duected and if the speed of the magnet
w properly adjusted, the tssue actually fost in this way s neghpible 16 the fow of
fuid 1s regulated, however, by & pinch camp on the drain valve instead of on the
{rypsin mlet a5 tadicated, the constriction will tend (o trap any tissue escaping and
may block the outfiow of flud

The yield of celts per gm of kidney has been found to be somes bat greater than
by the manual method, that is, 10% cells per gm s compared with 6 to 8 % 107
per gm obtamed by the manval method

Two to 31 of trypsin are sufficent for 4 kidneys, the manual method requires
Jto4l

D. Preparation or CULTURES

Standardized dispersed cell suspensions are distributed into vari-
ous types of culture vessels by means ofa Cemw:\u nulum:m: plpemng
unit Us ity of the is mai d during by
the use of a magnetic stsring desice or by manval sw:r!mg of the flask
containing the reservoir of cells.

1 Culture tubes are prepared by adding 0 5 ml. of suspension (ap-
proumately 150,000 cefls) to 16 by 150 mm. test tubes which are rub-
ber-stoppered. These are incubated m a statonary position at a shght
tilt from the horizantal position at 36° C. for 6 or 7 days. At the end
of this time a zone of confluent Lidney epithelium covers the area of the
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This residual fluid has not been found to affect the qualty or viability of the suspen-
sion 1n any way. There should he approtimately 3 m! of packed cells for each kidney
trypsimzed

Step 10 The packed cells are resuspended in about 100 ml of the growth
medium prewartned to 37° C If cold solution 1s added, the cells may clump badly
‘The suspension 1s filtered through 2 layers of sterile cheesecloth The gauze filter 15
washed free of adhering cells with about 100 ml of nutrient solution

Step 11 The number of whole cells, that 1s, those showng both nucle and
attached eytoplasm, are counted in a bemocytometer

Step 12 The suspension 13 diluted m the nutnent medium to give 300,000 cells
perml, and © 5 ml of ths suspension 15 seeded into 16 by 150 rom tubes, and corre-
spondingly larger volumes for larger vessels After 4 to $ days of mcubation m a
stationary, mclined positton, a confluent sheet of cells 1s present.

Step 13 Tt the suspension 1s to be kept several days before use, 1t should be
stored at 4° C at a concentration of not more than 600,000 cells per m! The stared
suspenston should be centrifuged after the Ist 10 to 24 hours and resuspended 1
fresh growth mecium for the rest of the storage period The suspension is agan
centnfuged and agam resuspended in fresh medium just before use (This procedure
is necessary for maximum survival and growth because 1t has been found that freshly
trypsimized kidney cell suspensions liberate a heat Jabile toxn which Lulls slowly at
4° C and moay destroy up to 90 per cent of the cells in a few hours under growing
conditions at 37° C ) Cell suspensions stabilized n this manner can withstand nter-
contmental shippimg 36

C. CoNTINUOUS AUTOMATIC TRYPSINIZING Frask®

A flask permitting the continuous and automatic addition of trypsin and with-
drawal of cells is shown 1n Figure 6 It consists of a glass mixing chamber closed by
a ground glass Jomt contammng two openings Through one, trypsm can be admitted
from the reservorr The other 1s a valve that can admit arr when desirable In the
bottom center of the flask, holes have been drilled so that fixd can dram from the
muxng chamber mto a recewving jar When tissue fragments are stirred 1m the mixng
chamber, the motion of the magnet sweeps the fragments from the dran and permits
only the cell suspension to pass through 1nto the recerving jar

The muyung chamber and magnetic stirrer should be arranged so that trypsm 15
admitted by s.phon action through a gum rubber lead The flow of trypsin is thus
virtually independent of the amount of trypsin in the reservorr and can be controlled
simply by 2 Piach clamp on the rubber lead mto the mixing chamber The dram
valve must never be opened unless the magnet is in motion If 1t 15 opened and the
magnet 15 not turnimg, the tissue will settle and clog the pores If this happens,
the cells are Dot recovered as soon as they are released so that they may be lost by
excessive digestion with trypsin

for this purpose Operated at proper speeds and on a steady Ime the trypsinizer can
be left trypsinizing overmght unattended
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in the absence of serum, may be used for physiologic stud:es under de-
fined conditions

The cells are harvested from the trypsnuzation fluids by centrifugation at 200
spm for 30 mimnutes and resuspended m 500 times sher volume of phosphate
buffered saline (PBS) The washed cells are resuspended m 100 to 200 ml of the
synthetic medium, filtered through 2 layers of cheesecloth, and dituted to 350,000
cells per ml for seeding of stationaty cultures

Cells seeded 1n SM-1 attach more slowly to the glass By the 3d day, however,
the outgrowth m SM-1 compares favorably 12 both amount and quahty with the
suspensions secded with the bydralysate (M) medium
of Melnick4? (sec Appendix) The two sets of cultures are comparable up to the
10th to 12th day after leaving the monkey The M medium must be changed between
the 5th and 7th day because of the decline 1n pH It 15 70t necessary to change the
SM-1 medium before the 8th to 10th day

The choce of medium for replenishment 15 determined by the studies to be
undertaken Replemishment of cells grown m SM-1 wath the M medium results i
further prohferation of the cells after a lag pertod of 2 days, and survival of a
month or more For studies uncomplicated by the addition of serum, replenishment
with an amino-acid miture such as that given 1 the Appendix, 1n the same basic
salt solution, gives a useful additinal hifetime of 1 to 3 weeks

Cystemne 1s & necessary and specific requirement for successful outgrowth under
the conditions studied It has not been possible to replace 1t with morganic reducing
agents or with other organic sulfur compounds The concentration of salts, par-
ticularly ealcium, has been found to be a cnitical factor for outgrowth in the absence
of serum Both ferric and cupnc ions have pronounced beneficial effects It was also
found that 1f the pH of the medium 15 allowed to fall below 7.2 to 7.3 dunng the
1st 4 days, outgrowth s intubited, cells fail to attach to the glass, and the areas of
cells already prohferating along the glass become thichened and granulated Attach-
ment to the glass 1s also retarded when the medum is more highly fortified with
amino acids, phosphates, and traces of certan carboxyhie acuds or after prolonged
metabolism The morphologic changes and lack of attachment are completely revers-
ible Cells have been held tn suspensions st 37° C for several weeks and then,
after an aincrease of the pH to 76 to 78 or after the addition of calaum or zine,
found to attach and grow anto lusuriant clear monolayers Since cells held 1n suspen-
5100 1n this wav can sy nthesize pobovirus, the method has proved useful in follow ng
various phases of virus synthests 61

1 Vurus growtk® The yield of varus propagated in cells grown in SM-1
medim and moculated and transferred to the smino-aad supplement fs the same
as that of the control cultures grown and infected in the presence of the serum-
contalmng M medum The of \wrus [n the

somewhat faster than that in the M medium and is mote stnking when the cdb
Bave been previously grown 1o the serum-containing medium The cells grown in
SM-1, and after infection translerred to Hanks' salt salution alone, support the
aynthesis of only the Ist cycle of virus, whereas the synthesis of pobovirus continues,
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tube in contact with the cell suspension, and the pH of the medium has
fallen to about 6.8 By this method, 4,000 culture tubes can be prepared
{rom the tissue of a single monkey Tt has been observed that almost all
of the tubes prepared in this manner are suitable for virus assay or other
studies. Before use, the medium is changed to one in which the Hanks’
salt solution is replaced by FEarle’s solution, because of its stronger
buffering capacity

2. Large cultures may be prepared in flat-sided prescription or Roux
bottles. Each bottle receives enough cell suspension to cover its side to
a depth of a few mm, After an incubation period of 5 to 7 days, a con-
fluent monolayer of kidney epithelium covers the entire flat glass surface

3 Petrs dish (50 mm ) cultures are prepared by addimg 4 0 ml of
cell suspension to each dish Incubation is cartied out in a well-humidi-
fied incubator at 36° C ina i flow of air 3 per cent
€O, the mixture being saturated with water The rate of flow should be
about 3 1. per minute Fluid 15 removed after 3 or 4 days of incubation,
and 40 m) of fresh medium are 2added On the 6th or 7th day of incu-
bation, the surface of each petr: dish is covered with a confluent mone-
layer of epithehal cells {about 2 million cells).

Cells may be grown in petri dishes in an ordinary incubator in the
absence of CO; if an organic buffer, Tris {hydroxymethy] aminometh-
ane), at a concentration of 0.01 M (1.2 gm. per 1), is vsed in place
of the bicarbonate buffer.?® When this buffer replaces the bicarbonate
in the lactalbumin growth medm (see Appendix), monkey kidney cells
produce confluent epithelal cells within a week

E. Cer Growrr IN SYNTHETIC MEDIum

The SM-1 medium of Rappaport®® supports the growth of trypsin-
jzed monkey kidney cells 1n the absence of any added protein Medium
SM-l which is described in the Appendix, consists of (¢) a salt solution

3 a higher ion of calcium than 1s widely used, (&)
mme elements, and (¢) the organic constituents cystene, isoleucine, and
d.ribose The buffering capacity of the medium is increased by the addi-
tion of 8 X 10-* M Tris (hydrovymethyl aminomethane). It may be
supplemented with penicillin and streptomycin if desirable. The medium
is stable for at least 1 week at 4° C, and is not used once a precipitate
forms on standing The medium cannot be frozen. After outgrawth, the
cells support the synthesis of poliovirus and, adjusted to in vitro life
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stitution of the simple Jactalbumin hydrolysate medium #2 for the more
complex media Itke No 199, and (4) the “sealing” of the panel cups
with a paraffin oil of Ingh viscosity.

1 Matersals
a The diluent for serum and virus 15 0 S per cent lactalbumun hydrolysate i
Hanks' salt solution (see Appendix)
b The nutnent medium used for cell suspensfons 15 prepared by adding 2 per
cent calf serum to the diuent above
© Versene solution for obtaming suspensions of passage cells grown on glass
{see Appendix)
Dy e-fixative for counting cells 01 per cent crystal violet in 01 M eitnc acid.
e Paraffin oil (Drakeol No 35, Pennsylvania Refining Co., Butler, Pa) Is used
to “seal” the panel cups It 1s routinely autoclaved
{ The Cornwall contnuous pipetting umt (No 1251, Becton, Dickinson and
Co, Rutherford, N J ) serves to distnibute diluent, virus, cell suspensions, and oil
i all rephcate operations A 4-mnch, No 13 hypodermic needle, whose pomt has
been cut off, mabes a suitable rannuls, especially when bent to a shght curvature
For o1l, a specially large cannula 1s recommended {obtaned from Rathgeber Labora-
tories, 226 County St , New Haven, Conn )
€ A celt dispenser may be prepared by making 4 symmetnically placed inden-
tations about the bottom of a Liter Erlenmeyer flask and adding 2 ports through
which the cell suspension 15 to pass to 2 Cornwall umts, for simultaneons addition
of cells to 2 panels The indentations, which mcrease muxng efficiency, are Like those
of the trypsihization assembly shown in Figure § The ports are introduced at the
side of the flask as near to the bottam as 15 practicable so that the cell suspension
may be drained without waste
h Nine-nch lengths of househotd aluminum foil from rolls 12 inches wide are
autoclaved These sterile foil “covers” are used to protect filled cups agunst aur-
borne contamunants Furthermore, when pancls are covered, 1t is possible to stack
them without wetting the bottom of one with the content of the panel below
i Panels {Linbro Chemical Co, 681 Duwell Ave, New Haven, Conn j are
molded from white styrene shects, 0 5 mm thick As shown in Figure 7, they contain

at the concluon of the readings and are then discarded.
2 Frocedure

* Cell suspensions* preparation and handhing Exghty ml. of primary trypsine
fred eells (sce abore) contawning 200,000 cells per ] of Dutrient mediura are placed
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although slowly, in the cultures which had previously been grown in the complete
M medum

The susceptibility of the two types of cells to poliovirus has been studsed by the
plaque techmic as adapted to flat prescniption bottles 5 Because of the sensitivity of
the cells to neutral red, particularly m the alkaline range whuch 1s required for the
synthesis of poliovirus and the mamtenance of cells in synthetic medwm, 1t has
been necessary to adjust the pH, the buffenng capacity, and the time and quantity
of neutral red added, i order to achieve the most sensitive and reliable counts
Cells grown m SM-1 medium compare favorably with those grown in M medium
as regards susceptibility to polovirus With cells that are grown out m the M
medium, the appearance of plaques 1s sigmificantly faster when the overlay contains
the amino-acrd supplement rather than serum protemn

Serum has been an absolute for the out-
growth of cells The fact that cells may be grown out and mamtained for 2 to 3
weeks i the absence of serum suggests that 1ts role 15 not predormnantly nutnitive
during this period It 1s possible that serum 1s largely protective, serving as an
effective buffer to mamtam the particular physicochemical environment necessary
for outgrowth

F Tae pPH Coror Test For NEUTRALIZING ANTIBODIES

Suspensions of monkey kidney cells may be used directly as host cells
m neutralization tests 3% The same basic principle which underlies
any virus neutralization test, namely, that antibody specifically neu-~
tralizes the infectivity of the virus, also applies to the pH antibody test,
The color test employs known quantities of cell suspenstons which are
inoculated into test tubes or plastic panel cups 1 hour after inoculation
of the serum-virus mixture. This eliminates the need for cultures in
which cells have already grown out on glass. The color test utilizes the
fact that with continued cellular growth in the presence of an immune
serum-virus mixture, acidic products of metabolism lower the pH of
the medrum. Ths effect 15 readily observed by mcorporating the indicator
dye phenol red into the mediwm Phenol red is red at pH 74 to 7.8 It
becomes salmon and finally yellow as the pH drops to below 7.0 Con-
versely, cell necrosis induced by the virus, leaves the medium red, for
the dying cultures fail to reach the degree of acidity exhibited by the
control cultures. The test can thus be read by color change alone rather
than by the microscopic presence or absence of cellular degeneration

The first practicable color test was described by Salk, Youngner,
and Ward 37 The modification® described below includes the introduc-
tion of (1) expensive disposable white styrene panels, (2) the use of
ugtabilized” passage cell suspensions, obtained from monkey kidney
cultures by treatment with a chelating agent (versene), (3) the sub-
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116, 1 64, 1 256, and 1,1,024 dilutions Both these arrangements requure a total
of 24 cups (6 per panel) for the examunation of each serum Each group of 4 panels
provides facilities for testing 16 sera

When the serum chlutions have been distnbuted to a quartet of panels, 0.8 ml
of the paraffin oil 15 added to each cup, and a foil cover1s placed on each If desired,
the serum-filled panels may be stored a week tn the refrigerator, or even longer
the freczer Refrigerated panels must be brought to room, temperature to decrease
the viscosity of the oil before addition of matenals is attempted If the test is com-
pleted on the day the serum d.Jutions are made, the oil may be placed i each cup
after the virus or cells bave been added

The virus challenges, 100 TCDyq 11 0.2 ] for each cup, are added to the serum
dilutions 1n the panels, only 1 virus bewng used m a panel The panels reserved for
serum toxicity control receive a blank of 02 m! of diluent per cup These additions
are followed by an incubation period of 1 bour at room temperature, when 02 ml
of ecll suspension 1s added, the panels recovered with fou, and placed in 2 37° C
incubator for § or 6 days

¢ Additional controls Along with the tests for possible tomaity of individual
sera, 3 additional types of control are needed

(1) Each virus titration 15 done to include a range of dilution sufficient to
demoanstrate the end pomnt, from one at which all cultures become infected to one
1 which none 15 infected Thus, 1f 100 TCDy, are anticipated 10 02 ml of the virus
suspension when at 104 dilution, the titration 13 extended, stepwise, to include the
107 dilution, which 15 10-fold beyond that 1 which the 50 per cent end pomt is
expected For log,, intervals, 8 cups are used at each dilution, for 05 logy, Inter-
vals, 4 cups suffice at each dilution

Viarus stocks prepared in tissue culture are stored frozen at -20° € mn ahquots
of 10 ml i stoppered 13 by 100 mm culture tubes For each test, a separate aliquot
is thawed Stocks are not refrozen If any lot of virus shows a consistent fall in tater
on repeated titrations, it 1s discarded, for the accumulation of nominfectious virus
tends to bind antibody, thus lowerng serum titers

(2) Each test must include a reference serum for each anubody type Human
serum pools, type-specific monkey b sera, and gamma
globulin have been useful Reference sera are tested at 2-fold dilutions, using 4
cups per dilutson, and 50 per cent end-pownt titers are calculated for each type

The storage of aliquot tubes of reference sera is recommended Fluman sera.
keep satufactorly at -20° C at 14 and 1 8 dilutions for more than 6 months
Reconstituted, Iyophilized monkey hyperimmune serum can similarly be stored at
1100 dilution

(3) A cell itration is performed at the beginning and at the end of the test
At each time 7 ml of the suspension are diluted with 4 ml of nutnent These 13
dilutions, equivalent to the final cell concentration used in virus-serum mixture, are
then delivered in 06 m! portions to a row of several cups A 2d and 3d row are
similarly weranged to contain further 2- and 4-fold dilutions, respectively, of these
13 didutions The cups are covered with parafiin ot and foil and the panel placed
in the incubator with the others At the time of reading, about 5 days later, the
tst row should be a bright yellow, the 2d row, & yellow-salmon, and the 3d row, red
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a1l Rour bottle and mamtamed for 5 to 9 days at 37° C. By this time a Jux-
uriant epithelial cell sheet should form and the pH of the medium drop to 7.0 or
below To harvest the cells the nutrient 15 first thoroughly drained from the bottle
Then 25 m! of versene solution at 37° C, 15 added, the bottle restoppered and
returned to the mcubator If the bottle has not cooled appreciably, m 20 minutes
the cells may be loosened from the glass by 2 quick shakes of the bottle in a hori-
zontal plane and then poured nto a storsge bottle The harvested cells, numbering
approximately 20 millon per bottle, are readied for storage at 4° C. by adding
75 ml of the nutrient per harvested bottle The addition of nutrent acts to bind
any excess of chelating agent, and centrifugation 15 unnecessary.*

Calculation for further dilution of the cell suspension 1s based on the followmg
procedure 1 m] of the cell suspension 15 added to and gently mited with 2 ml
of the crystal violet solution, and the cells are counted 1n a hemocytometer, Versene-
treated cells do not clump to the same degree as those from primary trypsimzed
culture If the cell suspension 1s not smmediately used, the counting 1s deferred to
some 24 hours before its antiipated use A sterlity test and titration in advance
of the test should also be performed The suspension 15 titrated at several 2-fold
dilutions, using 10 ml of each dilution sn each of 4 stoppered tubes, 13 by 100
mm An ndex to the condition of the cells 1s provided by three sorts of observa-
tons (1) the color of the tube cultures—not strictly comparable to a cell titration
control performed m a panel because n this instance the stopper traps all the CO,
produced, (2) the hology of the cellsf—especially using as an 1ndex
of morbidity, and (3) the condition of the culture as a whole, particularly whethet
a true sheet or islets of cells are present After freshly harvested cells are incubated
16 hours at 37° C, nucroscopic examination should show complete sheets with a
seeding concentration of 135,000 to 180,000 cells per ml, and large islets down to
concentrations as low as 90,000 cells per ml Concentrations upward of 135,000 cells
per ml will cause enough acid to form to bring about a shift from red to yellow
In general 20,000 cells per cup are used withn 3 days of their harvest, and up to
30,000 1f the suspension is stored from 7 to 10 days

b Test sequence A convenient volume, 20 ml, of the lowest serum dilution
1o be tested 1s heated 30 munutes at 56° C Two-tenths ml ahquots of each sesum
dilution are placed m the correspondingly located cups of 4 panels, according 10 2
planned protocol Four equivalent panels are so obtamed, 1 of which serves a5 a
control of serum toxicaty, and the other 3 to be used for challenge of the sera with
Types 1, 2, and 3 poliovirus

Two serum dilution schedules have proved especially useful The lst, for
screenng, uses duplcate cups for the testing of sera at 3 dilutions, to wat, 1 10,
150, and 1 250 The 2d, greater in range, uses a single cup to test sera at 14, 1 8,
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show the necessary controls Part 4 shows the results on acute and
convalescent sera of a patient infected with Type 1 poliomyelitis virus.
The pH readings were made on the Sth day of incubation,

TABLE 4
Protoror or Cotor Trst Ustvo Verstxatzo Criv SuspessioNs
Part 1 Cell Tatration

Color 1n cup mo
Celt concentrations 4

12 3 4
4 cups contamning 20,000 cells Y Y Y Y
4 cupy containng 10,000 cells s § 8§ S
4 cups contamming 5,000 cells R R R R
*# Y=VYellow, S=Salmon, R=Red
Part 2 Virus Titration
Virus dilutions Type 1 Type 2 Type 3
1040 Ay 4/4 4/
1048 44 4/ 4
1080 al4 4l4 4/4
1098 4/4 474 4
1040 34 34 4f4
s 14 al4 14
10-re 0/4 ofs o/4

Number of cups showing virus eflect (red)

14ie= Romber of cups wied

Part 3 Standard Immune Serum Contral Known Type Monkey Immune Serum
Plus Tect Dose of Virus of Same Type Plus Cells” Only Data for Type 1
Illustrated Here

Color in cup o

Serum dilutions 12 3 4
02ml 125  serum+ 02 al diluent + 0.2l cetls (control) \' Y Y v
02ml 125 serum+ 0.2t virus 02 ral.cells Y v vy
02ml 1100 serum-+02ml virus +02ml cells \' Y v vy
©2ml 1200 serum+02ml virus 402 ml cells Y Y Y Y
02ml 1400 serum+ 02ml virus 4+ 02 m! eells Y Y v v
02ml 1460 serum-+ D2 ml.virs 02 ml eells Y $ R R

02ml 13,600 serum+t 02 ml \irus  + 02 ml gells R R R R
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3 Reading and interpretation (Fig 8) The results are recorded on protocol
sheets beanng the imprint of 4 ruled lattice patterns, each representing the arrange-
ment of cups i a panel. The shuft 1n color 1 the cups 1 which virus 1s absent or
neutralized 15 expected on the Stb day, but with cells of lessened viability, a few
more days may be needed While end points will not change with extended incuba-
tion, when a panel 15 repeatedly nspected during the incubation period st can
sometimes he observed that a cup which gives 2 hint of change—say to a salmon
tnt—will, a day later, have reverted to red This seemingly false start toward
ellow and subsequent return to a shade close to the onginal red 13 probably a
reflection of the carbon dioxide passage through the ol The gradual, and tardy,
refease of trapped carbon diowude from cultures occurs when the amount of virus
is msuffictent to destroy the cells until after the virus has multiphed appreciably
Thus there is enough time m such cultutes for cells to metabolize sufficiently to
produce a color shft

If the amount of cells used 15 excessive, enough nonvolatile aad may accummi-
late to shuft the color from red to yellow before the virus has multiphed sufficiently
to kull the cells, and a false mterpretation mught ensue When this 1s suspected (as
1t might be when an entire virus-challenged panel turns yellow), 1t 1 possble to
check on the hypothesis by adding base to each cup m order to change the color
from a clear yellow to Lght salmon The panels are then returned to the meubator
for another 1 to 2 days, when those cups with hving cells will have sgam turned
yellow, while the lght salmon color will be retamed by those cups whose cells
were already dead when the base was added One drop of D0SN NaOH from a
nonbeveled 19-gauge needle 1s sufficient to achieve a proper color difference, more
may kall cells

Colors intermediate to red and yellow are sometimes encountered in cultures
that have reached their end-pomnt reactions The cilution of a touc factor 1 easly
recognizable when a senes of color changes from red to yellow 1s observed as one
progresses to the higher dilutions of serum The corresponding phenomena, 10 &
virus«challenged panel, may be illustrated by the following observations®

S1x cups contamng serum dilutions of 1 4, 1 8, 1 16, 1 64, 1 256, and 1 1,024
showed the colors red, red, salmon, yellow, yellow, and red, respectively This series
indicates that the neutralizing power of the serum 15 masked at the lower dilutions
by some tonc matenal, whose lesseming concentration with further dilution permits
cell growth The renewal of cell inhibition on reaching the 1 1,024 dilution 15 attsib-
uted to the msufficiency of neutralizing antibody at that cilution The end point
1s recorded as the highest dilution of serum that neutralizes the challenge dose
this examiile 3t 15 that contamed 1n the yellow-colored culture (at 1 256) and this

15 regarded as the end pont The control panel of this serum showed the colors of
red, red, salmon, yellaw, yellow, and yellow

£ ubawtan Vs am eanbag

room temperature or in the refngerator
A typical protocol of 2 color test is given in Table 4, Parts 1to 3
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they are best seen agamst a white background; they appear as round,
uncolored areas contrasting with the red color of the surrounding
Ining cells, staned with neutral red, At this time, the diameter of the
plaques varies from I to 3 mm. Duning subsequent mncubatton, the
plaques increase progressively m size until they become confluent On a
given plate, the number of plaques approximately doubles between the
1st and 4th days

2 Plague formation m bottle cultures Hsung and Melnick®? have
repotrted on plaque formation n stoppered, flat “prescription” bottles
nstead of in unsealed petr1 dishes, eliminating the need for the humdi-
fied incubator and COz-air mixture In this system, in contrast to petn
dishes, monkey kidney cells under agar are stable for more than 12
days Thus plaques may be obtained of certain Covsackie and enteric
cytopathogemc human orphan {(ECHO) wiruses that have a delayed
cytopathogemcity, often requining 5 to 12 days to become visible

Bottle cultures (4 0z) of trypsinized monkey kidney cells are prepared, using
a seed o} 10 m} of el suspension (300,000 cells per ml) The growth medsum,
consisting of 05 per cent lactalbumin hydrolysate and 2 per cent calf serum m
Hanks’ solution is replaced 1n 4 to 5 days when an epithelial sheet has gromn out
and the pH has fallen to below 70 Just before use, the nutnent fluid 1s removed,
the virus sample 10 0.3 ml 15 wntroduced, and the culture incubated at 37* C for
1 hour Then approximately 10 ml of melted agar (15%%) 1 Earle’s salt solution,
containing 2 per cent calf or monhey serum and 0.0017 per cent ncutral red, are
added to each Lottle to cover the cell sheet When the agar solidifies, the bottles
are turned over and incubated at 37° C

Plaques 1n bottles have been obtamed with the 3 types of pohiovirus,
with 6 types of Coxsackie virus (A9, B1-5), and with 9 types of ECHO
viruses 84 The sensitivity of the plaque method in petri-dish and bottle
cultures was the same for the pohoviruses, bowever, the plaque method
was found to be more sensitive, ranging from 2 to 10 times in different
experiments, than the tube method using the microscopic cytopathic
end pomnt

Plaques of Co(sn:l.le \>1rus A9 (Grigg strain) and those of the

poliosiruses were both macr and mucro-

scoprcally Coxsachie virus Types B2 (Ohiwo-1 strain) and BS (Ken-
tucky strain) also produced crreular plaques but with diffuse boundaries
Types Bl (Conn-5 stran), B3 (Nancy strain), and B4 (Tewas 13
strain) produce plaques earher than the B2 and BS types, and their
plaques more closely resemble those of poliomy elitis

With the LCHO viruses, plaque formation was much delryed as
compared ta the 2 to 3 days required for the poliovirus plaques to
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Part 4 pH Nevtrahzation Test with Sera of Panent Infected with Type 1
Poliomyehtis Viros

Sertm Type 1 viruse Type 2* Type 3%

diluttons Acute Ce deute € Acute €

14 Y ¥ v b4 R 3
3% Y Y Y Y R R
115 R Y Y Y R R
132 R b Y Y R R
164 R Y R R R R
1438 R Y R R R R
1 256 R 8 R R R R
1512 R =3 R R R R
11,024 R R R R R R

* 100 TCDy of each varus used t test Control cops contaimng serum difus
tons without virus were alf yellow

Part 5 Results of Serum Titers

Type 1 specific monkey serum 1 800
Patient’s serum, Type §, acute 13
convalestent 1256
Type 2, acute 132
tonvafescent 132
Type 3, acute <14

convajescent <y 4

G. Virus-Inpucep TRaQUES

Using trypsinmzed eells, Dulbecco and Vogt have developed a tech-
nic for producmg virus-induced plaques, in which each virus particle
produces one plaque * Hela and amnion cells may also be used

Cultures are prepared in 60 mm, diameter petri dishes as described
abave After 2 continuous cell layer has formed, the culture is washed 2
to 3 times with phosphate-bulfered saline (PBS), The washing fluid 15
removed, and 03 ml of virus in PBS 15 added The plates are incubated
at 37° C for 30 minutes to permitt the virus particles to be adsorbed
onto the cells The infected eultures are covered with 3 ml. of melted agar
and held at room temperature for 10 minutes to allow the agar to sotidify.
“They are then replaced in the incubator supplied with the COz mixture

1 Chargctevistics of plague formotson Y0 an infected culture, bath
the aspect and the number of virus-induced plagues vary with the time
of incubation, Small plaques may sometimes be seen micrascopicatly as
soon as 24 hours after wfection In obligue Tight, against a dark back-
ground, the plaques stand out as small, brillaant areas After 48 hours,

~
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3 Plague formation wusing cell suspensions wmstead of monolayer cultures 28 The
prineiple of this techmic 15 smilar to that used m bactenophage work, & ml. of
nutnent-agar medum are poured into empty 60 mru, petn dishes and allowed to
harden (bottor agar layer) The plates may be used at once or stored in the
refrigerator, 1n case of storage, they should be held at 37° C. for 2 bours before use
A cell suspension, 035 ml, m volume but containng about 3 times the quantity of
cells required to seed a monolayer culture, 15 diluted into 07 ml of melted Dutrient
agar medium to give a final agar concentration of 06 per cent, 01 m! of the virus
at the approprtate dilution 1 added, and the entire contents of the tube poured
onte a plate contaimng a bottom agar layer Dulbecco and Vogt?S point out the
advantages of this techmc (a) cell suspensions can be used immeduately without
waiting for the formation of monolayer sheets, (b) the method can also be used
for cells that are dafficult to obtain in monolayer cultures or that will retract under
agar, (c) the plating efficiency 15 approumately twice that of monolayer cultures
both for free virus and for infected cells One disadvantage of the method 15 that
the mimimum celi concentration used as inoculum 1s more cntical than 0 mone-
laver cultures since cells suspended i agar degenerate more eastly if the cell con-
centration is below a certain level ‘The formation of plaques with cell suspensions
has been obtamed with monkey hidnev cells and HeLa cells infected with pohio-
myelitis virus and with chick embry o fibroblasts and L cells mfected with vesicular
stomatitis virus

4 Spot-testing techmes Dulbecco and Vogt?? have mtroduced spot-testing
for the sconng of wiral characters, such as heat resistance or serologic type For
the latter, for example, monolayer cultures are overlud with nutrient agar con-
taining type-speaific antserum A Joopful of the virus suspension to be tested s
deposited on the agar and incubated If appropriate dilutions of virus are used,
spots of degenerated cells will derelop on plates contaming the heteroty pic anti-
serum, whereas they will be absent from plates with homotypic antiserum The
same techme bas also been applied for cells suspeaded 1n agar 28 Agar cell suspen-
sions were, furthermore, successfully used for rephcate plaung, as developed by
Lederberg for bacterophage studies Plates on which plaques have deseloped are
printed onto velveteen and replicated onto plates contuning cells suspended in
agar (contuning, for example, specific antiserum)

VI HELA HUMAN EPITHELIAL CELL CULTURES

Several workers have altempted to use strains of cells which could be
cultivated tn vitro as host cells for poliomyelitis, in the same way that
certain hines of bactenial cells act as host cells for bacteriophage The
most successful application has been achieved by Syverton and his col-
leagues, wha found that Gey's HeLa strain of human epithehal cells,
ongnally derived from carcimomatous tissue of the cervix, supports
the growth of poliomy elitis virus.® The cells can be transferred in sus-
pension to yicld, on glass, sufficient growth in 5 to 10 days for eultivation
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become clearly visible ECHO virus plaques were first obtained only
after § or 6 days of incubation, and these increased in size but not much
in number after the 7th to 8th day Occasional strains, however, re-
quired 12 to 13 days for these plagues to become manifest. ECHQ
virus plagues were more irregular 1n shape than those seen with the
pohoviruses (Fig. 9). The boundaries of the plaques were always dif-
fuse, and, microscopically, healthy cells could be seen within the areas
of degeneration Many attempts to produce ECHO vitus plaques in
petri dishes met with failure, undoubtedly because the cultures deter-
iorated in the petr1 dishes before the beginning of plaque formation
could be seen.

The plaque method 1n bottle cultures has also been applied to the
direct isolation of pure lines of viruses from human stools. Plaques of
poliovirus types 1, 2, and 3 and a number of ECHO viruses of different
types were obtamed from fecal materials in which viruses had pre-
viously been 1solated and 1dentsfied By selecting, for passage, virus
colantes from plaques appearing after different incubation periods, and
with different morphologic patterns, 2 enteric viruses (belonging to the
polio and ECHO groups) have been isolated directly as pure lies
from a single fecal specimen 33 Heretofore, the presence of 2 cytopatho-
gemc agents in the same specimen has often led to confusion until the
judicious use of specific antisera was able to unravel the situation

Agar overlay When ready to use, mux A and B below

A Nutrient medium
Earle’s saline (10 X concentrated without

phenol red and NaHCO,) N 180 m!
Stertle distilled water . v .. t0oml
Calf {or monkey) serum . - 36 mi
NaHCO,, 75% . S4 ml
Neutral red (1 1,000, stenibzed

at 15 pounds for 15 munutes) . cee s 30m

Total . . . e . .. 90Dl

Add Pemalln 18,000 units

Streptomyan . 18,000 4
For use, bring to 37° C
B. Agar
Noble agar (Difco}. . .. .. . . ... 27gW
Dustilled water. . v+ SODm

Melt agar, then stenthize at 15 pounds for
15 minutes, allow to cool to 43° € before use
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3 Plaque formation usng cell suspensions wnstead of monolayer eultures 28 The
prinuiple of this technic 15 similar to that used in bactenophage work 4 ml, of
nutnent-agar medium are poured uito empty 60 mm petr dishes and allowed to
harden (bottom zgar layer) The plates may be used at once or stored in the
refngerator, 10 case of storage, they should be held at 37° C. for 2 haurs before use
A cell suspension, 0.35 ml in volume but contamimng about 3 times the quantity of
cells required to seed a monolayer culture, 15 diluted mto ©7 ml of melted nutrient
agar raedium to give a final agar concentration of 06 per cent, 61 ml of the virus
at the appropnate dilution 15 added, and the entire contents of the tube poured
onto & plate contaming a bottom agar layer Dulbecco and Vogt?® paint out the
advantages of this techme (a) cell suspensions can be used mmediately without
wating for the formation of monclayer shects, (5) the method can also be used
for cells that are dfficult to cbtain 1n monolayer cultures or that will retract under
agar, {c) the plating efiiency 15 approxmately twire that of monolayer cultures
both for free virus and for mnfected cells One disadvantage of the method 1s that
the mummum cell concentration used as inoculum 1s more cntical than in mone-
Tayer cultures nince cells suspended in agar degenerate more easily 1f the cell con-
centration 15 below a certain level The formation of plaques with cell suspensions
bas been obtamed with monkey hidney cells and HeLa cells wfected with pobo-
myehtss virus and with chick embryo fibroblasts and L cclls infected with vesicular
stomautis virus

4 Spot-testng teckmics Dulbecro and Vogt2® have itroduced spot-testing
for the sconng of wiral characters, such as heat resistance or serologic type For
the latter, for example, monolayer cultures are overlad with nutnent agar con-
taining type-speafic anuserur A loopful of the virus suspension to be tested is
deposited on the agar and incubated 1f appropnate dilutions of virus are used,
spots of degenerated cells will develop on plates contaming the heteratypic anti-
serum, whereas they will be absent from plates wth homotypie antserum The
same techruc has also been appled for cells suspended an agar 38 Agar cell suspen-
31003 were, furthermore, successfully used for rephcate plating, as developed by
Lederberg for bactenophage studies Plates on which plaques have devsloped ase
printed onto velveteen and replicated onto plates contamng cells suspended in
agar (contamng, for example, specific antiserum)

V1 HELA HUMAN EPITHELIAL CELL CULTURES

Several workers have attempted to use strains of cells which could be
cultivated 1n vitro as host cells for poliemyelitis, 1 the same way that
certain lnes of bacterial cells act as host cells for bacteriophage The
most successful application has been achieved by Syverton and his col-
feagues, wha found that Gey's HeLa strain of human epithehat cells,
originally derived from carcinomatous tissue of the cervix, supports
the growth of poliomyelitis virus® The cells can be transferred i sus-
Ppension to yield, on glass, sufficient growth in 5 to 10 days for cultivation
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of the virus. The cytapathogenic response of the cells to the virus is
tapld, taking place in 12 to 72 hours, and yielding virus in high titer,
Cells, which grow in sheets without plasma on a glass surface, may be
suspended by treatment with 0.5 per cent trypsin, at pH 7.4 to 7.6, at
372 C. for 60 to 90 minutes Direct cellular counts of suspensions may
be made in a hemocytometer to permit the dispensing of replicate cul-
tures to ordinary test tubes. The cells settle and stick to the wall of the
test tube during incubation in a slightly inclined position, Recent studies
have demonstrated the vafue of the Hela strain for the isolation of
virus and for the measurement of neutralizing antibodes.

‘The {ollowing sections on HeLa cultures have been largely supplied
by Dr. Jerome T Syverton and Dr, Wiltiam F, Scherer, of the University
of Mmnesota. Further details on the use of these cultures ate givenin a
recent report from their laboratory.®

A, Mzpia ror GROWTR AND MAINTENANCE OF CELLS

The medium to unutiate cellular growth consists o SO per cent human adult
serum, 2 per cent chick embryonic extract, and 48 per cent balanced salt sclution at
PH 74 Because of pohomyelitis antibodses wn human sera, this component must be
Yemoved before the varus 13 added

‘The medium for cellular mantenance consists of 90 per tent maintenance sofu-
tion and 10 per cent shicken serum, The maintenance soluhon 13 a modification by
Hanks and Schezer of Anfinsen’s solution 1t 1s described in the Appendix, Penedln
and streptomyan are employed routinely in all media for mass cultivation of celfs
and for vara) cultivation at Jevels of 30 units per ml snd 50 kg per ml, respechvely.

Serum pools from 2 to 5 human donoys are made to avoxd the use of serum
deficient 1n aptitryphic efiect The serum poo) sy used durectly Sor making Tedia, or
stored at 4° C until needed The final 25 ml of serum withdrawn from the 250 m!
eentrifuge tube 15 used 1m bactenological tests for sterhty by tramsfer 1 dupficate
of 0.5 m! (g) to two rabbuts’ blood agar slants, (5) to two Sabouraud's sgar slants.
and (¢} to two tubes of thigiycollate hquid medm for incubation for 7 days at
37° C and 20° C, respectively

In a series of classical experiments, Eagle®® has determined most
of the speaific nutrients that are essential for the growth and multipli-
cation of HeLa cells. However, a medium contaimng 13 amina acf’ds
and 7 vitamins, each at opti con jon and suppl d wi
glucose, did not permit growth unless 5 to 10 per cent human serum
was added {The medium 15 descibed mn the Appendix,) The Hela
strain has recently been adapted to growth m a medium in which the
human serum has been replaced by horse serum.® HeLa cells adapted
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to growth in horse serum are as susceptible to the cytopathogenic effect
of the polioviruses, and are ag efficient in producing virus, as HeLa cells
grown in human serum %

B. CeLrurar CULTIVATION

Strain HeLa cells are cultivated 1n & complete serum-contaming medwsm, on &
glass substrate to provide surface for cellular multiplication They are cultured for
the production of cells in quantity m 200 m] square, screw cap bottles, or m Jarger
flat-sided bottles, and for test purposes wn 16 mm diameter test tubes stoppered by
screw caps or by rubber stoppers * The cultural vessels are mcubated at 36° C 1 a
stationary positien at a slant that permuts the fluid to cover {ully the cellular growth

Bottles are commonly fed twice weekly, tube cultures seldom require feeding
The first feeding consists of the addition of 2 5 m] of human serum to the 8 ml
each 200 ml bottle, or by the addition of 025 ml of 80 per cent human serum to
each tube When subsequent feedings are indicated, feeding 1s accomplshed by
replaceruent of from half to two-thirds of the old medium with new medium (4055
human serum) Aftes 3 to 14 days of cultivation at 36° C, more commeonly 7 days
for tubes and 10 to 14 days for bottles, the cellufar population is fully adequate for
the preparation of subcultures as described above, or for the support of viral growth
The average cellular population, when used for transfer or for viral cultwvation, is
5-8 X 108 for bottles and 60,000 to 100,000 for tubes When a cellular culture reaches
maximal growth as shown by confluent coverage of the glass surface and evidence
of contmued prohferation, 1t 1s removed from the 36° C imcubator More com-
monly, the cells at this time are used 1mmediately by transfer to bottles for increasmg.
the supply of stock cells, or to tubes for virus experiments However, cells can be
mamtawed satisfactonly for future use by incubation at 30° C and feeding twice
weekly Feedmg 15 accomphished by withdrawal of about half of the spent medium
and 1ts replacement by an equal quantty of 40 per cent human serurm

C PREPARATION OF CELLS FOR TRANSFER

HelLa cells free mn suspension for transfer and other purposes are readily made
available by the use of the Rous-Jones trypsin method #® to release and break up
cellular sheets from glass An 1netpensive preparation of commercial trypsin, “Bacto-
trypsin, 1 250,% as a 0§ per cent suspension 10 mamtenance solution, pH 7 4 to 76,
everts satisfactory proteolytic actvity without “toxic” effects The trypsin suspen-
sion 15 twice filtered by emploving (a) ash-free filter paper and () a Bush type
filter under positive pressure The filtrate upon being fast frozen and kept at -20° C
provides a umform enzyme preparation for long periods of tme The trypsin prepa-
ration employed as routine 15 added to a cellular culture in a velume of 8 ml for a
200 ml bottle, or 10 ml for 2 16 mm tube, whereupon the contather 1, meubated
at36° C for 60 to 90 minutes The transfer to a centnfuge tube and the production

* Pure gum rubber, West Co , Phoenixville, Pa Rubber-fined screw caps are avarlable
from the A H_Thomas Co, Philadelphua {size 28, Catalog No 2849-B for bottles) and
from the Kimble Glass Co , Toledo, O (si2e 15 for 16 mm tabes)
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of a umform cellular suspension are effected by employing a serologic pipette to
nux the suspension thoroughly until it consists of single cells or groups of no more
than several cells For the preparation of pools of cells, trypsmized cells from bottles
or tubes are muved before centrifugation After horizontal centpifugation of the
cellular suspension for 10 mutes at 1,000 rpm, the sypernatant flud contamning
the trypsin 15 dscatded and the cells are restored to volume, or greater, by adding
the old medium and new complete medium

1 Cellular enumeration The cells released by trypsinization and resuspended
ate enumerated by the transfer with a sterile capillary pipette of an aliquot of the
suspension to a hemocytometer The cells should be rh]utrd sufficiently to avod
crowding of cells in the h Upon the cellular
concentration 1s adjusted by the addition of fresh complete medism to provide a
final 100,000 cells per ml (Medum from bottle cultures after 3 to 4 days of wncu-
bation may be used to make up 30 per cent of the new medum to conserve the
supply of human serum )

2 Preservation of cells at subzero temperatyres 4% HeLa cells may be preserved
for at Ieast 7 months 1f 20 to 30 per cent glycerol is added to the suspending medum
Better preservation will result from storage at -60° than at ~20° C, and from
thawimg in 1 to 2 minutes than m 30 to 60 mnutes After thawing, the cells are
removed from the suspendimg medium by centrifugation at 1,500 to 2,000 rpm for
5 to 10 minutes The cells are resuspended in 40 per cent human serum in Hanks'
salt solution

D Preparation or Tuse Curtures (Fig. 10)

Cells 1n suspension 11 a concentration of 100,000 cells per ml are distnibuted to
test tubes, 0.4 ml per tube, of to bottles, 8 m! per bottle The apparatus employed
for dispensing to tubes 1s basically similar to that devised by Evans and Earle, but
1t has heen simplified and adapted for the preparation of repheate cultures of Hela
cells en masse It consists of an all-glass open cyhnder with a delvery tube at the
base, a helical stirring rod operated by a 1/18 h p. gear-dnven motor with a rheo-
static control keeps the cells in suspension A piece of rubber tubing 15 used to protect
the shaft of the stirring rod upon its attachment to the motor. The cylnder is eapped
by 2 glass hood, which 1 turn has over 1t a second glass hood attached by a rubber
tube to the shaft of the stirnng rod A third glass hood attached by a rubber tube
stopper or by a rubber vacutauner stopper to the dispensing needle belps to prevent
contammation The delivery tube of the cylinder 15 attached to a Comwall pipetting
unit to enable the rapid delivery of 04 ml alquots to test tubes, 16 by 150 mm
The tubes are stoppered and placed honzontally mmmediately to permit the cells 1o
settle out on the glass surface. Cultures are kept stationaty at 36° C. during the
growth period and for maintenance at 30° C.

E TsoraTion AnD CULTIVATION oF VIRUS
The following procedure (Fig. 11) is recommended as routine for
each test material which is prepared according to methods given in the
previous chapter on Poliomyelitis,
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‘The tubes with moderately heavy cellular growth (60,000 to 100,000
cells), commonly from 5 to 10 days old, are selected for each sample
‘The nutritive medium is removed from each tube by using a pipette or
long needle attached to suction and replaced by 09 ml, mamntenance
solution to wash the cells and wall of the tube Scraping of cells from the
glass should be carefully avoided An hour later a second replacement is
made with 09 ml chicken serum diluted 1 10 in maintenance solution
to ensure adequate dilution of any poliomyehtis antibody in the original
nutritive medium. Washing the cells twice to remove antibody by dilu-
tion obviously is unnecessary when the serum employed for the growth
of cells is known to be free of antiviral substances 0 S ml of the diluted
chicken serum 1s adequate for maintaining normal morphology of about
60,000 to 100,000 cells at 37° C for 4 to 7 days; 10 m! of medium
usually suffices for about 10 days The test inoculum, 01 ml, 1s added,
and the tubes are placed at 36° C Microscopic examination daily reveals
the presence of virus by the rapidly progressive cellular destruction that
results from infection When cellular destructton occurs, commonly in
12 to 72 hours, the flnd 1s harvested for typing When the time requisite
for the cultivation of virus or other test material exceeds 5 to 7 days,
however, the supernatant fluid 1s replaced by maintenance solution con-
tamnimg 10 per cent chicken serum
1. Cytopath icsty The cy! h ic effect of poli i
virus is entirely comparable to the sequence of changes that has been
descnibed for the infection by poliomyehtis virus of other epithelial cells
in tissue culture, The cultures are observed microscopically for cellular
changes 1 18 to 24 hours after infection, and thereafter daily for not
more than 7 days 1f virus be present, tota] degeneration s observed i
18 hours to 6 days, commonly 1n 24 to 72 hours The changes observed
are recorded according to a standard scale (Fig 12)
0 = No change
1 - = Early degeneration of epithelial cells. The cells may be
tounded and transparent, the cells situated peripherally may be swollen,
undergoing disintegration and partially released from the glass Similar
changes may occur in cultures from 3 to 7 days’ old as the result of
nutritional or other disturbance
24 =D on as evi by d ion, swelling, or shrink-
age of the cells, total loss of intercellular bridges, eversion, and release
from the glass; the nucles are karyorrhectic or pyknotic
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F. TuauNoLOGIC IDENTIFICATION OF CYTOPAT!IDGEN!C
STRAINS OF VIRUS

Each un} strain of cytoy ic virus is i d as to im-
munologic type by employing hyperimmune monkey Sera representative
of each of the three known types of poliomyelitis virus, For each test, §
tubes containing 60,000 to 100,000 Hela cells (5 to 10 days old) are
selected and washed free of human serum as indicated above, The content
of each tube within 30 to 60 minutes after the 2d washing is replaced by
maintenance solution containing 10 per cent monkey serum, For control
purposes normal monkey serum is placed in tubes 1 and 2, antipohomye-
litis Type 1 serum in tubes 3 and 4, Type 2 antiserum in tubes 5 and 6,
and Type 3 antiserum in tubes 7 and 8. The suspension undet test for
virus is added, 0 1 ml to each tube The tubes are observed microscopi-
cally daily. Commonly 1n the presence of poliomyelitis virus, the cells in
6 of the 8 tubes are destroyed in 1 to 4 days and rarely not until the Sth
or 6th day Accordingly, m the absence of cytopathogenic changes, the
final reading is not made until the 7th day. The unaltered cells in 2 of
the tubes reflect the protective or neutralizing effect of one of the type-
specific antisera and thereby indicate the immunologic type of the test
strain of virus.

G NEUTRALIZING ANTIRODY DETERMINATIONS

The of the poli liti ization test as used with
mice ot with tissue cultures are described in the chapter on Poliomyelitis
and should be consulted. Only a bare outline of the procedure as em-
ployed in HeLa cells will be described here (Fig. 13).

After harvest of the cells as already described, they should be
suspended to a concentration of 100,000 cells per ml, m medium con-
taining 40 per cent human serum and 60 per cent Hanks’ balanced salt
solution 0 25 ml. quantities of this suspension (25,000 cells) are dis-
pensed in sterile tubes, stoppered, and ncubated in a slanting position
at 37° C. They should be fed with 0 25 ml of the serum medium on the
3d day and will be ready for tests on the 6th or 7th day. An alternate
technic is to dispense 04 ml. of the suspension (40,000 cells) ito each
tube These will be ready on the 4th day, and feeding is not required.
When the tubes are ready for use the human serum is removed and re-
placed with 1 ml. of maintenance solution containing 10 per cent monke.y
or chicken serum If the human serum is nat screened for poliomyelitis
antibodies before 1ts use, the cells should be washed thoroughly, twice
with maintenance medium, before the step given above.
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The three standard viruses (Types 1, 2, 3) must have been titrated
previously in the HeLa cell system by adding 0 1 ml. of sertal log dilu-
tions to duplicate tubes Each daily test must incorporate control titra-
tions with new vials of each virus .

Several dilutions of inactivated serum should be employed, Pairs of
acute and convalescent serum must be tested together The virus-serum
mxtures are made by combining equal volumes of 1/4, 1/8, 1/16, 1/64,
1/256, and 1/1024 dilutions of serum with previously titrated virus
duluted to provide 100 TCDso in 01 m! of the final mixture It is sug-
gested that sera with higher end points may be subsequently re-examined
at higher dilutions, those which are negative with the lowest dilution
may also be d 1n stronger

After standing 1 hour at room temperature, 0 1 ml. of each virus-
serum mixture is added to single, or preferably duplicate, tubes of cells
and mcubated at 37° C The test 15 read by direct mucroscopic examina-
tion on the 4th day and discarded Any evidence of viral action en the
cells is to be interpreted as no neutrzlization and so recorded Tissue
controls should accompany each test to rule out nonviral disintegration
of cells Control tests with dilutions of standard type speaific sera and
standard virus preparations should be performed with each day’s run
of neutralization tests The color test for antibodies m which cell sus-
penstons are added to virus-serum mixtures*?-? can also be performed
with Hela cell suspensions 4°#*

H Oruer Human Cerr Lines

In addition to the HeLa strain, a number of other cell lines have
recently been adapted to continuous culture, chiefly following methods
developed by Gey ** They have proved susceptible to poliomyelitis as
well as to other viruses Chang?® has carried 4 human epithelial cell
lines, from normal conjunctiva, liver, kidney, and appendix Other
epithelial cell strains have been adapted to continuous transfer from
human cancers 474%51

Fibroblast lines from human foreskin and uterus have also been
carried m senial culture 3° Some of the newly developed lines have been
grown in synthetic medium fortified by 10 per cent human serum 30355
Like HeLa, the cells grow rapwly and are mamtained eastly on glass
surfaces They are readily released by trypsin, or by mechanical pro-
cedures, from the surfaces on which they are growing to allow the prep-
aration of uniform suspensions of cells that can be counted and from
which rephcate cultures can be made ’
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Swim and Parker found that strains of cultured cells may be pre-
served n the refrigerator for periods over 6 weeks Within 2 to 3 days
after cultures are placed in the refrigerator, a large proportion of the
cells tend to contract, cell processes tend to withdraw, and the cells
assume a spherical shape. There are no apparent changes during the
next 2 months When cultures are withdrawn from storage, they are
placed at 37° mthout replacing the medium The celis gradually extend
their processes and in a few days assume the form characteristic of the
strain and begin to multiply. If the culture is to be continued in cold
storage, the cells should be subcultured before they are returned to the
refrigerator, Some workers recommend that the fld phase be removed
{rom the cells before the culture is stored in the refrigerator.

In addition to the stable cell lines described before, human amnjon
cells provide a readily available source of large amounts of mormal
human cells that can be grown in primary cultures.’? Human placentae
and membranes can be obtained wherever deliveries are made. Such
cells have yielded as much virus as that obtained in monkey kidney cells

The recommended procedure is as follows- 32

The membranes are cut from the placenta and dropped 1nto a phosphate-buffer
solution at pH 7 2 contaimng penfafin and streptomycin The amnion is sterpped
from the chonon and is washed repeatedly m fresh changes of phosphate-buffer
solution. The tissue may be cut into preces apprommately 2 cm. square and stirred
gently m a 0.25 per cent trypsin-buffer solution The hberated cells are decanted
at 20-minute mtervals, centnfuged at low speed, washed twice, and diluted with
the culture medium

Tke cells of primary and secondary cultures grow equally well i media con-
taimng homologous or beterologous serums- cord, human, horse, ox, or lamb, At
2 level of 20 per cent, the serum yrelds better growth than at g level of 40 per eent
The medim for large-scale culturing consiats of 20 per cent ox serum nther 199
or Earle's balanced salt solution 05 per cent L
(see Appendix for preparation of these media) Embryo extract gves no additional
response and 1s omitted

The culture cells were uniformly found to be epithehal, with two groups of
cell sizes, The smaller cells were more numerous, and eath flattened to cover an
area of approximately 4 to 10 2 The eytoplasm appeared homogeneous, with few
granules or vacuoles The larger cells, which varied in mumber from preparation
to preparation, each covered an area of 20 to 60 #2 They assumed bizarre forms
and had promnent, parallel fibrous structures in their cytoplasm

In both the large and small cells policvirus induced macked cytologic changes
The amount of virus produced by the cultures, measured as plaque-forming tnits
on monkey kidney plates, was the same order of magnitude as is usually obtained
from cultures of monkey kidney cells The plaque titer obtained on amnion cells,
however, was 3 to 6 times Iugher than on monkey kidney eells 58
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VII. APPENDIX

A PrePARATION OF MATERIALS

1. Type-specsfic antiserum, Monkeys are hypentmmunized according
to the procedure incorporating the Freund adjuvants 33 Antigen is
tissue culture fluid having a hugh titer, at least 10% TCDso per ml, in-
corporated into an emulsion with the adjuvant mixture (9 parts Bayol
F and 1 part Arlacel A) The emulsion may be conveniently prepared in
a Wanng blendor, or 1t may be prepared by repeated passage of the mix-
ture through a needle attached to a syringe The emulsion is mjected
ntramuscularly 3 times at 2-week intervals The dose per monkey may
range from 1 to 5 ml Monkeys are bled 4 weeks after the 3d injection,
A larger supply of serum can be prepared from each monkey if 30 ml of
blood is taken on 3 successive weeks A booster dose is then given, and
the procedure repeated for several cycles Serum is best stored frozen,

Mountain® has described a simple and inexpensive method for
producing antisera with a high degree of neutralizing capacity for
poliomyehitis viruses By repeated mtravenous mjection of rabbits with
small doses of poliomyelitis viruses grown in tissue culture, antisera
with a high degree of homotypic but little or no heterotypic neutrahzing
capacity have been produced regularly. Such antisera develop also, but
to a lesser degree, the capacity to lyse or agglutinate the cells in culture
(in the absence of virus)

2 Hanks balanced salt solution® All water employed is twice dis-
tilled, the second distillation being carned out in a glass still, or water
punified by jon exchange tesins may be used Salts of analytic reagent
grade are employed. Stock solutions A and B are prepared

Selution A Weigh out 160 ¢ NaCl, 8 5 KCl, and 4 g MgSO, * 7H,0 Dissolve
these salts 10 about 800 ml H,0 Dissolve 2.8 g CaCly i about 100 ml H,0 Mix
and make up to 1,000 m} with H;0 Add 2 ml chloroform as a preservative, stopper,
andstoreat 3° C

Solution B Weigh out 304 g Na;HPO, * 12H,0, 12 g KH,PO,, and 20 g
elucose and dissolve 1n approximately 800 ml Hz0 'Add 100 ml 04% phenol red
solution and make up to 1,000 m! with H;0 Add 2 m] chloroform, stopper, and
store at §° C Hanks’ balanced salt solution 1s prepared by adding 1 volume of
stock solution A and 1 volume of stock solution B to 18 volumes of HzO 1t is then
autoclaved at 9 Ibs pressure for 10 mumutes, or it may be stenlzed by fltration
This solution is kept at §° C Immeditely before use, 25 ml of stenle 14%
NaHCOa solution is added to each 100 m) of Hanks’ solution The bicatbonate solu~
tion s sterlhzed by autoclaving for 10 munutes at 9 Ibs. pressure It may also be
prepared by pressure filtration at concentrations up to 7S per cent.,
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3. Earle’s balanced salt solution?3 g/l
NaCl © . wv .. 630
Ka .. 040 .
CaClz .. 020
MECI, R 3t 4
NaH,OPO, + H,o L. .o
NaHCO; . e c e 220
Glucose N . 100

The solution is stored in the refrigerator in two stocks, one con-
tatming NaCl, KCl, NaH,PO,, NaHCO,, and glucose at 10 times the
indicated concentration, and the second containing CaCla and MgCle
at 20 times the indicated concentration.

4. Phenol red indicator? One gram of phenol red is placed in 2 flask
and N/20 NaOH is added slowly and with agitation until the powder is
almost dissolved. Dropwise addition of NaOH is then continued until
solution {s complete, at which time the color is a deep red Sufficient dis-
tilled H,O is added to bring the volume to 250 m1 Addition of excess
NaOH gwes a purple solution that is not satisfactory It is generally
used at 20 mg of dye per 1 of final medium,

S. Boume ammiottc fluid M Fluid is withdrawn from the amniotic sac
in the following manner. The gravid uterus is removed in foto at the
ahattoir and conveyed to the laboratory within 2 to 3 hours, It 1s sus-
pended from a stipport by & cord. After cleansing and drying the entire
surface of the organ, an appropriate site near the embryo and clase to
the dependent area 1s selected and lightly cauterized with a free flame
To avoid piercing the embryo, a special trochar (bore 1.5 mm, length
225 cm) is then carefully passed through this part of the uterine
wall into the amniotic cavity. The clear fluid, which usually runs rapidly
and freely, is collected in sterile asks The yledd of flmd varies from
about 0.5 to 1.5 1., depending upan the size of the embryo, Occasionally,
fluids are i d with blood, bly because of the injury to
the embryo by the trochar These are not used for the preparation of
culture medium Embryos about 7.3 to 25 cm in length are selected
After withdrawal of the fluid the embryo is removed for the preparation
o} embryunic esratts (src 'ue‘mw) To ﬁm ek w.i‘ndmm {wx\ each

1. Eaat

48 ho;us to determine the presence or absence of bacteria insensitive to
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these antibiotics In the meantime, the fiuids from each embryo are kept
at about 6° C. in tightly stoppered flasks A pool is then made of the
fluids from several embtyos Sufficient stock phenol red solution (0.4%%)
is added to the pooled Amd 1o yield a final concentration of 0 002 per
cent, The material 15 stared in the icebox, On storage the pH of certain
batches was found to attain a bigh level (e g, 8) This is reduced to 75
to 7.6 by “gassing” with a mixture of § per cent COy in air just be.
fore use.

6. Beef embryo extract.” Embryos of about 75 to 25 cm are ob-
tained as indicated above Muscle and cannective tissues are dissected
from the bones, and together with the braw, heart. lungs, and kidney are
minced for about 30 seconds 1 a Waring blendar. An equal quantity of
balanced salt solution containing 100 units of pemaillin and 100 pg of
streptomyctn per mi is then added, and the muxture agam minced for 30
seconds, The suspension 15 incubated at 37° C. for 30 minutes in a
water bath and then cenmiuged a( 2 000 rpm for 30 minutes in a hori-
zontal head of an it The sup fluid
15 removed, a portion tultured, and th: remainder stored in stoppered
test tubes at —15 to —20° C until used A precipitate may develop upon
storage, but this can be removed by centrifugation before the extract is
added to the medium

1. Chick embryo extract ® This is prepared from 9-day embryos by
Earle’s syringe method modified by the use of a single stainless steel
screen. Embryos are femoved with sterile forceps and placed 1n petrs
dishes From 5 to 15 embryos are transferred to the barrel of a
200r 30 mi syringe, at the hottom of which is a circular piece of stainless
stee] me<h, No, 28. The plunger is put in the barrel and the embtyos
forced through the screen and tip of the syninge into a 50 ml centnfuge
tube, Extraction is performed by the addition of one volume of balanced
salt solution to an equal volume of tissue pulp, followed by thorough
miung and centrifugation at 2,500 rpm. for 20 mnutes The super-
natant 11, ov SO per cent extract, is stored in convenient aliquots at
~20° C Prier to use, the 50 per cent extract is thawed, centrifuged at
2,500 tpm for 20 minutes, and only the supernatant fluid employed
Microbiological sterility tests are carried out routinely as described for
human serum

An alternative metbog4é uses tmbryos incubated 13 days at 335° C The
embryo paste obtained by homogenzation fn a Wanng blendor for 1.5 mumutes 1
{rozen and then sllowed to thaw slowly in the refngerator. An equal volume of
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Earle's balanced salme Jacking sodium bicarbonate is added, the pH adjusted to
70 to 7.4 with sodium hydroxide, and the mixture allowed to stand for 24 hours
with occastonal munng The larger tissue fragments are removed by centrafugation
at 1,000 X g for 45 minutes Three mg of hyalaronidase (Worthngton, 200-250
TRU/mg ) are added per 100 ml of pooled supernate, and the solutson is incubated
at 37° C for 3 hours The treated cxtract s then d at
35,000 X g for 1 hour (Spinco preparative centnfuge), The supernate 1s filtered
through a Selas filter of 03 porosity and stored at —20° C.

8. Chicken plasma and serum.® Blood, 30 ml, 1s withdrawn from
the wing vein of 1- to 2-day fasting roosters, through a No 20 needle
into a syringe. The syringe and needle are prepared before stenlization
by rinsing in 4 per cent mineral oil n ether to provide a thin film of
muneral oil on the inner surfaces The blood is transferred in 10 ml,
aliquots to screw-cap tubes that contamn 0.2 per cent phenol red, 0.1 ml,
and 20 mg % heparin, 01 ml Each tube is immediately capped, in-
verted to mix the contents, and centrifuged for 20 minutes at 2,500 r pm.
The plasma is withdrawn from the tubes through a long needle into a
20 to 30 ml syringe to provide aliquots of 10 ml, Chicken embryonic
extract, 0 1to 0.5 ml,, (to clot the plasma) and several ml. of air are drawn
into each syringe, Usually after several minutes at room temperature, the
plasma has clotted The needle is removed from the syringe, and the clot
is broken by its forcefu) expulsion through the tip of the syringe into a
test tube, Centrifugation, as above, is repeated, and the serum trans-
ferred to tubes for storage at 4° C. Plasma is also stored at this tem-
perature,

9 Lactalbumin hydrolysste medmum2 This growth medium pro-
vides an inexpensive source of amino acids

§ per cent lactalbummn hydrolysate solution

Powdered enzymatic hydrolysate of lactalbumin®* . . 50 gm.
Salt solution (without NaHCOz) . . . . . . v, . 950m!
Dissolve by autoclaving at 10Ibs pressure for 10 mnutes
The solutton is stable at 4° If 2 preapitate forms on standing, 1t should be
removed by Light centnfugation
Complete medium
Salt solution {Hanks' or Earle's) . . ee
Calf serum - . . . aeeeen o . 20 ml
§ per cent lactalbumin hydrolysate solution ., 100 m!
The following antibiotics are incorporated mto the medium at the wdieated
per ml 25 #g, st 100 pg, pemalln, 100
units; and nystatm, 100 units

850 ml

——

+ Nutatonal Biochemical Corp, Cleveland, Obio A typical analysis, according to
1be producer, ges total mtrogen 12 per cent, atino mitrogen 7.3 per Cent, asb 36 Per
Lot NaCl 09 per cent, and mosture 6 8 per ceat
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10, Synthetic medum for monkey kidney cultures (Rappaport's

SM-1).8

Glucose-solt sofution™

NeCL L,
Kal .
MgS0, * TH,0
MgCly + 6H,0

NaHPO, ... ..

NaH PO, . . ..

caCl, . ..

NaHCO, .

Glucose , .. 200

Organic supplementst

wgm {1

1-cysteme s HC1 . . 30

Hsoleatine . w60

d-nbase 30

Trace elementst

M X 10-8/1
ZnS0, RN 3
Fe(NO, . .. . .2
Q) L.
MoCl, ..
CusO, . ..
Bufler§

Tns (hydroxymethyl arunomethane)
8 X 105 M, at pHL 76

# Rade n 10 X concentrated, combiued stack without CaCly and NaHCO, Stenhzed
by filtration CaCl, 1s made at 100 X concentrated, NaFCO, is made at 100 X concen-

trated

+Held ay separate stocks, 00S% concentrations Sterilized by filtration
1 Stocks 100 X concentrated Stesilized by fltration May be beld as combined stock,

40 X concentrated In H,O

Convenfently stored as 2 M stock adjusted to pH 76 wah HC1 May be sterilized

by autoclaving at 15 pounds for 1§ minutes

Amino Aad Supplement for Mamtenance Solution S1%

1<ystemne « HC1 N
lsolevave .

1-histidine « HCL

1-argmne = HC .
1~lysine « HCl .
1-methiomne

1-threonmne

mg /1
30
4«
P NN 10
T
.8
. 6

1"

* Conveniently made from sterile stocks to give 40 X concentrated mixture in H,O
and diluted lato salt soluuon with trace elements and glucose s given above, with 09
ems NaHCO, per | May be bulfered with 8 X 10~ M Tris at pH 7 6

11. Versene solution A solution of this chelating agent is used for
obtaining suspensions of monkey epithelial cells from kidney cultures

grown onh glass

gm /1
Versene . . . s e . b2
NaCl . . N Toee see oL 8D
RQ . . . v 02
NaHPO, . e e 118
KHLPO, [

Stenlize by autoclaving

Versene 1s used as the disodium salt of ethylene-damine-tetracacensc atd, vh-
tanable from Versenes, Inc,, Framingham, Mass
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Earle's balanced saline lacking sodwum bicarbonate is added, the pH adjusted to
70 to 74 with sodum hydroxide, and the muxture allowed to stand for 24 hours
with occasional mmng The larger tissuc fragments are removed by centrifugation
at 1,000 X g for 45 muutes Three mg of byaluromidase (Worthington, 200-250
TRU/mg ) are added per 100 ml of pooled supernate, and the solution 15 mcubated
at 37° C for 3 hours The treated extract is then at
35,000 X g for 1 hour (Spinco preparative centrifuge) The supernate is filtered
through a Selas filter of 03 porosity and stored at ~20° C

8. Chucken plasma and serum ® Blood, 30 ml, is withdrawn from
the wing vein of 1- to 2-day fasting roosters, through a No. 20 needle
into a syringe The syringe and needle are prepared before sterihzation
by rinsing in 4 per cent mineral oil in ether to provide a thin film of
mineral oil on the inner surfaces. The blood is transferred in 10 ml
aliquots to screw-cap tubes that contam 0 2 per cent phenol red, 0.1 ml,
and 20 mg % heparin, 0.1 ml, Each tube 1s immedrately capped, in-
verted to mix the contents, and centrifuged for 20 minutes at 2,500 r p m.
The plasma is withdrawn from the tubes through a long needle into a
20 to 30 ml syringe to provide aliquots of 10 ml, Chicken embryonic
extract, 0 1to 0 5 ml,, (to clot the plasma) and several ml. of air are drawn
into each syringe Usually after several minutes at room temperature, the
plasma has clotted, The needle is removed from the syringe, and the clot
is broken by its forceful expulsion through the tip of the syringe into 2
test tube. Centrifugation, as above, is repeated, and the serum trans-
ferred to tubes for storage at 4° C. Plasma is also stored at this tem-
perature.

9 Lactalbumin kydrolysate medium* This growth medium pro-
vides an mexpensive source of amino acids

5 per cent lactalbumm kydrolysate solution.

Powdered enzymatic hydrolysate of lactalbumun* . . 50 gm
Salt solution (without NaHCO,) . ey .. 950 ml

Dissolve by autoclaving at 101bs pressure for 10 minutes
The solution 15 stable at 4°. If a precipitate forms on standing, 3t should be

removed by light centrifugation
Complete medium.

Salt solution (Hanks’ or Earle’s) . . . . ssoml
Calf SErBm . .ove o oae e e s er ees saee o 20m
-t L St -l

» mdseated

wallm, 100

-

+ Nutrttional Biochemucal Corp , Cleveland, Obio A typical analysis, according to
the producer, gives total mitrogen 12 per cent, amuo mitcogen 73 per cent, ash 3 6 per
cent, NaCl 09 per cent, and moisture § 8 per cent
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To prepare maintenance solution i 100 ml lots
e g e

o

S LRI sy e !

contamination 15 more Iikely to occur dunng mixng
13 Eagle’s medmum for growth of HeLa and other human cell

lnes 30

L ammo geids* mM Vitamanst

gm /md

Arginne o1 Biotm . 108
Cystine . 005 Chobne . 108
Glutamne 20 Fole acd 106
Histidine 005 Nicotmamide 10-8
Tsolencine 02 Pantotheme acid 106
Leucine 02 Pyndoval . 10
Lysine . 02 ‘Thiamme 108
Methionne. 003 Ruboflavin 107
Phenylalanine 01

Threonine 0z

Tryptophane . o0z

Tyrosine or

Valine 0z

* Stored in the refngerator as a sngle stock solution contaming 20 or 100 times the
indicated concentration of each amino acid, except glutamine The glutamune 1s stored
frozen as a 200 MM solution

1 Stored frozen as a single stock contanng 100 or 1,000 times the indicated concen-
tration of each vitamin

Earle’s salt solution contamning 01 per cent glucose as hsted above in this
Appendix 15 used Pemeilhn and streptomycmn are mcorporated at 0005 per cent
each, phenol red at 0.0005 per cent

Human serum (10%5) 15 essential for the optumal growth of the cells

The amount of polovirus released into the medim by HeLa cells was found
to be unaffected by the omission of serum proteins, amino aads, or Vitamuns How-
ever, the omission of both glucose and glutamne resulted 1n a marked decrease 1

virus production The omssion of each singly had no effect or caused only a partial
reduction

14 Medwm No 1998 Its preparation as revised by Healy and
Parker in 1953 follows

a Stock solutions Aqueous solutions are prepared with distilled water passed
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12, Maintenance solution for HeLa cultures®

Preserve stock solutions I, IT, 1L, and IV with CHCl,, 1-2 m! fliter (shght excess)

T Balanced salt solution (BSS, Hanks’) 10 X cone,
For 1{00 ml

10 X stock solution

1nal

{mg

1 NaCl (biological grade) (a) 80 0g Dissolve the BSS salts of blocks
Cl 0" 1and 3 apprommately 400 ml
Mz$0u7m0 @) 20 Passdstlied water exch and

2 CaCl, (o 14 combme Dissolve the CaCly i
3 Na,Hro.-zu,o (a) 06 200ml gd waterand add to the
KH:PO, (b} 06 above Brng to final volume of

1100 ml  If necessary, flter
through ash-free filter paper into
a glass-stoppered pyrex bottle

11 NaHCO; (a) (14% m glassdistulled water)
I Glucose (a) {10% m glass-distilled water)

IV Armuno acids.
Parennmme 15% with tryptophane(d) 10 m 100 ml
Glyw
Hatidine (free base) ~DL (e) 100 dlsu]led
Cystine—L () 3 water
Glyceml (a) 25 gm)in 100 ml
Na pyruvate (e} J z gm gd H:0
Na aceu(e-m,o ©
Sucanic acd (¢) 50 mg in 100 ml
1—-mabe (e) mg. g d HO
Adenine $0,+2H.0 (D) 31 mg
Guarune HCLe2H,0 () 3
Xanthe (¢ 5 wn 100 m!
Uracil () 5 m;. gd H;0
Thymine (¢} 2 mg
Cytosine (&) 2 mg
RH,PO, (€) 450 mg
Thammmne HCI () 5 mg
Nicotinamde (e) 2 mg
Ca~pnnlo'.henate (Dextrorotatory) (¢) 2 mg
yndoxal HCI 2 1n 99 ml
I ygdox:umne d.\hyd.rod:lnnde © 2 mg gd H0
D: 2
Riboflavine (e) 2
-mositol (e) 7 e
Choline C1 (¢} 7 owg
Biotin (¢) 1mg) m20ml
Fole acd (€) imgh g u,o 1ml

A (e}
ll:f:\e‘}:ol(nd {g)in L, IT,and IV
(a) MercL—Reagent grade

100
ml

Combine
300 mt.

(&) Yotrwonal Bochemeals Corp

{b) Baker—Analyzed grade Eastman Organic Ch;mn:lb

{c) Mallinckrodt—Reagent grade (B Fifuman Oreany
(d) Wintheop Stearns, Inc

cone.

hter)

80000
0
2000
1400
600
600

10000
20000

3000
00
200
150
5000

6400
11280

!
k)

B RGO D OO

8252 cooooo00m8 copima w3
4 g
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to make a fina) volume of 100 ml The stock 18 prepared by maling a 1,100 dilution
of this solution with water

Sof 2—Adenine bydrochloride dihydrate, 1 mg, dissolved 1 a final volume of
100 ml of water

Sol 10—The following punines and pynmudines are dissolved in 200 ml of
water made alkaline with 2 drops conc ammonwum hydroxde; guamme hydro-
chlonde, 10 mg, bypoxanthine, 10 mg, thymine, 10 mg, uracil, 10 mg, and, moho-
sodium xanthine, 11 4 mg

Sol 11—d-Ribose, 100 mg, and d-2-desazynbose, 100 mg, dissalved in 100 m1
of water

Sol 12—5-Adenylic acid, 10 mg, dissolved 10 100 it of water

Sol 13~Sodium adenosinetnphasphate, 260 mg, dissolved in 50 ml of water
The stock 1s prepared from this solution by making a 1 10 dilution with water

Sol 14~-Fernc mtrate, Fe(NOa)s 9H0, 36 mg, dissolved 1n 100 ml of water
11 drop of conc mutric acad 15 added, bydrolysis dutmg storage Is prevented

b Preparation of one liter of medium The stock solutions are combined as
Tollows

Sol 1 Amno aads, acetate, glutamme, Earle’s solution 5000 ml
2 Tyrusmz. cystine 200m!
3 Bw e 100mt
N c. :ysmne, glutathione . . oicom
5 Boua . - 100ml,
& Foue and 100ml
7 vn A D, and K, cholesterol, Tween 50 . . 100 mt
3 . 100 ml
9 Arl - . 100ml

10 Purmes, pytmidmes . 6.0ml
11 Ribase, desoxynbose asml
12 s-Adenyhc acd cee 5 2oml
13 Adenosinetriphosphate . . . 20ml

14 Ferric mtrate
The final volume 1s adjusted to 11 by the addition of water, and the completed
mediom 15 stertlized by filtration and stored m the dark at yoom temperature Anti-
biotics (100 unats penicillin and 100 xg streptomycin per m1) are added yust before
use
B SraminG or Tissve CuLTuRES

Cultures for histologic staming are either grown durectly in ordi-
nary flasks or bottles or on cover shps placed i bottles or tubes. 1f the
first procedure is employed, the cells are removed from the container
after fixation, by peeling them off after collodion (celloidin, parlodion)
embedding

1. Fixatives Cultures ave fixed for 15 mnutes to 1 hour in either Bown's or
Zenker's flu d, particularly if one 13 interested in inclusion bodies, They are then
stored in 70 prr cent aleoho) until stauined Bouin-fixed cells are transferred directly
from the fixative to the 70 per cent alcohol Zenker-fixed cells should be washed
with water before transfer to 70 per cent alcohol.
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through an ton exchange column or redstilled in an all-pyrex apparatus Al stock
solutions except Nos 1, 2, and 9 are stored at 4° C, without filtration, for periods
not exceeding 30 days Preferably a fresh lot of Solution 1 1s made up each time a
new batch of medium 1s prepared If 1t is desired to store Solution 1, it should be
filtered and stored in 500 ml quantities in the refngerator, Solutions 2 and 9, which
tend to form precipitates in the refnigerator, are stored at room temperature

Sol 1—To 400-450 m} of water stirred continuously and heated to about 30° C
are added the following phenol red, water soluble, 20 mg, l-argintne monohydro-
chloride, 70 mg, I-histidine monohydrochlonde, 20 mg, I-lysine monohydrochloride,

70 mg, dl 20 mg, dl-ph 50 mg, dl 30 mg, dl-
serine, 50 mg, dl-threonine, 60 mg; dl-lencine, 120 mg; dl-isoleucine, 40 mg, dl-va-
lme, 50 mg, dl-glut aad hyd 150 mg, dl-aspartic acd, 60 wg;

dl-alarune, 50 mg, 1-prohine, 40 mg, l-hydroxyproline, 10 mg, glycine, 50 mg; and,
sodwm acetate, 81 5 mg The solution 15 cooled to room temperatttre and 100 mg of
1-glutamne are added The free acid is titrated with N NaOH to pH 74, with the
phenol red that 1s already present in the solution serving as indicator,

‘To the cooled solution are now added the ingredients of Eatle's balanced salt
solution (listed above in this Appendix) Solutton 1 1 then made up to 500 ml with
water

Sol 2~200 mg J-tyrosine and 100 mg l-cysting dissolved with moderate beating
in 100 ml of 0075 N HCI

Sol 3—The following B vitamuns are dissolved in 200 ml, (final volume) of
water: maam, 25 mg, 25 mg, h 25 mgi
pyndoxal hydrochlonde, 25 mg, thiamun hydrochloride, 10 mg, nboflavin, 10 mg;
calcum pantothenate, 10 g, 1nositol, 50 mg; p-ammobenzoic acd, 50 mg, and
choline chlonde, 500 mg The stock 15 prepared by making a 1 50 dilution of this
solution with water

Sol 4-~The followng are dissolved in 100 ml. (final volume) of water ascorbic
acid, 50 mg, glutathione, 50 mg, and, cysteme hydrochloride, 100 mg The stock is
prepased by making a 1 100 dilution of this solution with water.

Sol 5—10 mg d-biotm are dissolved n approximately 50 ml. of water con-
taining 1 m! N HCl, and the final volume 15 then adjusted to 100 ml (The HCl
sncreases the stability oa storage ) The stack 15 prepared by making 2 2100 dilution
of this solution with water

Sol 6--10 mg fohe acd dissolved 1 100 ml of Earle’s balanced salt solution,
ie, the substances and amounts as Listed above, but dissolved an 1 liter of water.

Sol 7—-Two alcoholic tinctures ave required to prepare this combined stock
solation cholesterol 10 mg/ml 1 95% ethanol, and, menadione (vit. K) 10 mg/ml
in 95% ethanol The following hipid soluble vitamns are added to a 100-m! volu-
metrse flash, calaferol (vit D), 10 mg, dissolved in 1 ml of the tincture of che-
Jesterol; vitamin A, 10 mg, dissolved m another 1-ml postion of the tincture of

cholesterol; and tincture of menadione (vit K), 01 m! Finally, 10 ml of a 5%
2queons solution of Tween 80 15 added to the fiask The musture is then made up
to a final volume of 100 ml and warmed to dissolve the cholesteral, The stock is
prepared by making 2 110 dilution of this solution with water .
Sol §~—Disodium a-tovopheral phosphate (wit E), 10 mg, dissolved in water
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2 Cultures grown on the wolls of the contamers®® Cultures are fixed in
the flask or tube, washed and dehydrated in graded alcohols endng in a 1.1
alcoho? ether mixture This is replaced by 2 per cent collodion in alcohol-ether,
and this m turn by a 6 per cent collodion 1n alcohol-ether, allowing at least 2 hours
n each solution for satisfactory penetration of the collodion mto the tissues. The
collodion 15 then poured from the tubes, rotating them at the same tune until the
collodion has almost dred 1n a umformly thin film Cold water 15 then run mto
the tube to harden the membrane, and the film 15 pecled from the glass with the
a1d of a small spatula If the films are too dry before peelng, they will shrink and
be bnittle, 1f not dry enough only the surface film will peel, leaving the cells behind

3 Handling of peeled films The cell-contamng films may be handled as cel-
lowdhin sections and placed on glass shdes after staming, dehydration, and clearing
Clearing 1 cartied out m 95 per cent alcobol and then by oil of onganum and
xylene, since collodion 15 soluble 1n absolute alcohol

Clearer, brighter stamned cells are obtained, however, 1f the collodion film 15
removed before staiung This 1s done as follows

2 Place the £lm on a clean glass shde with the surface contammng the cells 1
contact with the glass, and blot wath filter paper, pressing hard
Caver quickly with o1l of cloves for cleanng (for at least 2 hours).

Pass through 3 changes of absolute alcobal, at least 15 minutes 1n each
Leave m alcohol-ether untal the collodion s dissolved

Transfer the shde with cells attached to 95 per cent alcohol

Keep 1 70 per cent alcohol until stamed

The cultures are then stamed, dehydrated m alcohols, meludmg absolute,
and cleared in xylene

~e an o

L

4 Stamng procedure For routme hematoxyln and eosin, Harris hematoxylin
to which § per cent acetic acid was added, and 0§ per cent eosin 1n alcobol, have
given good results Tissue cultures require solutions shghtly more dilute than those
used for sections The cultures are dehydrated, cleared i xylene, and mounted
Harleco synthetic resin or Canada balsam, or any other swtable mounting medium
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Fic 1 A Normal fibroblasts in plasma clot growing out from fragment of monkey
testice B Virus effect widespread granulation, shrinkage, and loss of
structure of fibroblasts found § days after addition of yrus Type-specific
immune serum prevents virus-induced cellular destruction  Photomicro-
graphs af unstained, test tube cultures
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F1o 2, A Normal epithehal cells from monkey kidney growing on the glass wall
of a test tube B Early effect (1-4) of virus growth a number of celis
have become rounded but most of the epithelial sheet does mot appear
abnormal C Progression of \: d {24). a larger
number af cells are distorted, swollen or shrunhen T Advanced staze of
irus-induced degeneration (3+4) almost no normal cells can be seen, and
many of the cells have become detached from the glass surface Photomicro~
graphs of unstained test tube cultures, tahen with ordmary microscope
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Fic 3 A Phase micrographs of epithelal cells growing on flat glass curface
Culture was prepared from monhey kidney fragments which had been treated
with trypsin B, C, and D Progresse cellular rourd ng and degeneration
caused by pohovirus Photographs of lving culturss taken 1n phate micro-
stope by Dr Magdakena Rewssig

F1o 4 Stationary racks for handling test tube cultures, obtamable from Micro-
brological Assocutes, Bethesda, Md Other types of rack are also avaable
rereually
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Teyps nization apparatus 3338

F1c 5 The sides of a 500 ml, or 250 m!, Erlentmeser flask hate been mdented at
nght angles to the bottom surface 1n 4 places They should extend about 35
the height of the flask and cut into the bottom surface about 25 cm This
guves the bottom of the flash the shape of a Maltese cross This modification
permuts satisfactors mixing with cavitation at certamn cntical volumes Mavi-
mum miung over a wider range of volumes may be obtained if the flask 15
further modified by accentuating the cury ature between the bottom and the
sides of the flask This 1> done by compressng the glass mn this region inward
and upward The side arm for decanting should be placed so that the tissue
tends to be trapped i the bottom when the flash 1s tilted for decanting The
efficiency of trapping tmay be increased by enlarging the flask just under the
sidearm



Fic 6 The automatic try peinzer designed by Dr Catherne Rappaport 3% A 500 mt
Kjeldah) flask 15 modified for use as a miung chamber Present i the
apparatus ate a ground ghass bactertologuc joint, nlet tube for trypsin from
reservour, an air valve, a flat glass disc, 2 inches in dsameter, perforated by
6 bored holes 15 mm wn diameter, a sloped outlet dram, wndentation and
modification at sides and bottom of flask (o crease eficiency of miung,
and a plastic-covered migmet 40 mm X 10 mm (dameter) See text for
detaits
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Fre 7 Duposable styretie plastic panels used for virus and for antibody titrations 3>
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Fic 8 A plastic panel at the time of readng Yellow cups, which photograph light,
indicate the presence of hve metaboluzing cells, red cups, which photograph
dark, 1n the cell titration indicate that too few were added to increase the
aciditv of the medium sigraficantly Where virus was added, red cups indicate
that the cells have been killed

The cell titration 1 the upper right indicates that the cups receving 02
ml of undiluted cell suspension cantaining 125,000 cells per ml all metabolzed
vigorouslv, as did those recerving one-half thiy concentration The undiluted
cell suspension was used for all the other cups on the panel The virus titra-
tion was done using 4 cups per virus dilution, the log of which 1s indicated
at the top ot the panet The 50 per cent end point 15 at 10°® The titration
of an acute and canvalescent serum from a poliomyelitic pat ent 1s shown on
the lower ha!f of the panel Two cups were used per dilution of serum The
acute serum has a titer of 16, the convalescent, 1,024



Fi6 9 Virus-induced plaques 1n bottle cultures of monkey Lidney cells 53 Circular
plagues of poliovirus nell danes are shown
1n the bottle on the left Irregularly shaped plaques of ECHO varus, Type 6,
with diffuse boundarues, are shown on the night Poliovirus plaques photo-
graphed on 6th day of ncubation, ECHO varus on 8th day,

—_——

Fio 10 Syverton and Scherer s sllustration of their procedure ® for the production
of strain HeLa cells in continuous culture Cells grown i bottles are placed
1 suspepsion by the use of trypsin (or versene) and resuspended 11 @
medium of human adult serum (HAS), 40 per cent, chick embry onic extract
{EE), ? per cent, and Hanks’ salt solution (), 58 per cent The cells are
coupted 1 a hemoc) tometer, adjusted to the required cell concentration,
and ahquots of the suspension transferred to bottles and tubes
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Demonstration of virus by tronsfer ”
each dilution

to S Hela cell cultures

Destruction = Virus Normal = No virus

F1c 11 Syterton and Scherer’s 8 schematic drawing to illustrate the methodalogy
for virus assay and the results of a test The 1st set of tubes contains diluent
to effect dilutions of the test virus suspension within a known range, the 2d
set of 5 cellular tube cultures of stram HeLa are for detection of virus, the
normal HeLa cells upon infection by virus are destroyed (lower left) or
remain unchanged (lower rght) in the absence of virus



B o008 0~
;‘:‘,r"‘ﬂ.gh::b,

At
370 St TN AN
Fx 12 A Normal stram Hela cultore B, €, and D Progresavt degeneration as
evidenced by celtular distortion, swelling or shainkage, toss of mtracelhular
bridges, reloase from the glass, the nucles become kan orrbetic or pyhnotic

Photographs of stained preparations kindhv supphed by Dr Jerome T
Sywerton
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+ known amount of wirus
to 5 HeLa cell cultures

3
Protection = Antibody Destruction = No ontibody

Fic 13 Syverton and Scherer’s 8 schematic drawing comparable with Figure 11 to
1ltustrate the procedures and results of the technic employed for quantita-
tion of antibody or other virus mhibitor The 1st set of tubes with known
amount of diluent permits dilution of the test unknown serum within 2
Lnown range for mixture with a constant amount of virus, the 2d set
of tubes illustrates the 5 cellular cultures employed to test each successne
decrement of antiserum for sts ability to neutralze the virus m putiure,
the drawings of cells depict the change from normal cells at the start to
dead cells (lower right) when free virus perststs, that 1s, unneutrahized
\irus, or to the persistence of unaltered cells (lower left) to illustrate
protection from the cytopathogemc effect of free virus



THE COXSACKIE VIRUSES
Giusert Dariporr, M.D.
and

Grace M. Srcxkres, BA.
Division of Laboratories and Research
New York State Department of Health
Albany
T IntropocrioN
11 Merrops o IsoLAtioN or THE VIRUS
A Fecal Specimens
1 Preparation of the fecal suspension
B Threat Snabs
1 Preparation of specimens
C Inoculation of Infant Mice
M Tomvmercanios avm DIFFsREsTATION 0F THE VIRUS
A Determnation of Group
B Determnation of Type
1 Preparation of sera
2 Complement fixation test
3 Tsolation and identification 1n tissue culture (Group B)
4 Neutralization test yn mice
IV Rrremgsces
I. INTRODUCTION
T ME COXSACKIE viruses ate a group of small viruses which readily
infect and cause disease in suckhing mice but ordinarily do not cause
signs of disease in adult mice 14 They are sxmlhr to paliomyehtis yiruses
in their seasonal and size, to physieal
agents, and occurrence in the throat washings and feces of infected indi-
viduals The nature of the experimental disease permuts their elassifica-
tion into two groups®® each of which includes a number of serologic
types."® The Group A strains have commonly been associated with brief,
febrile ilinesses most commeon 10 young children during the late summer
months, These fllnesses have been further characterized by headache, at
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times by stiffness of the neck or muscle soreness, and by the occurrence of
small serous blisters on the pharynx (herpangina),*®!! The Group B
strains are believed to be responsible for outbreaks of epidemic pleu-
rodynia or Bornholm disease, the clinical features of which are sudden
fever and stabbing pam m the ribs or an extremity (devil's grip), at
times with aseptic meningitis.!21¢ QOne large epidemic of mild, acute
meningoencephalitis seems to have been caused by a Group B Coxsackie
virus,'” and a small outbreak of acute fulminating myocarditis in in-
fants has recenfly been associated with a Group B virus infection.!$
Coxsackie virus infection 1s most readily determined by isolation
of the agent through the inoculation of suckling mice, followed by new-
tralization tests with paired samples of the patient’s serum and the
homologous strain Rise in antibody titer for the homologous type in
the serum of mnfected patients frequently occurs too eatly to be of much
value 1n diagnosis, and the neutrahzing activity for a number of the
serologic types present in the serum of many healthy persons is a further
limitation to the value of serologic tests alone in dragnosis 1112 22 Some-
times infection occurs simultaneously with mfection with a policmyelitis
virus or a second type of Coxsackie virus. The Coxsackie viruses may
be readily distingmshed from poliomyelitis virus by the susceptibility of
suckling mice and the resistance of monkeys The recognition of con-
current mnfection with two types of Coxsackie virus may be more difficult.
Some Covsackie viruses are cytopathogenic and may be isolated in
tissue culture ** 28 Much interest attaches at present to the taxonomic
position of those viruses 1solated in tissue culture from fecal specimens
that are neither pathogenic for monkeys nor for suckling mice 23242750

11 METHODS OF ISOLATION OF THE VIRUS

A FrcaL SpECIMENS

Feces are most likely to yield Coxsackie viruses, but throat washings
are at times infectious,10133132 and 1solations have been reported from
cerebrospinal fluid, blood, and tissues 234243 The fluid of herpangina
Dblisters seems 1o be exceptionally infectious, which is further evidence
of the etiolagic role of the Coxsackie viruses i this lesion

Specimens for virus isolation should be collected as eatly as possible
in the course of the disease, promptly frozen, and held at low tempera-
tures until used. Virus persists m a considerable number of fecal speci-
mens for long periods even though not mamtained under optimal
conditions. The Covsackie viruses are stable in 50 per cent glycerol,
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and swabs plunged into tubes of 50 per cent glycerol solidified with agar
have proved a satisfactory method for transporting specimens.

Care should be taken to use sterile receptacles for collection of fecal
specimens since virus may otherwise be encountered from contamsma-
tion 1n previcus use The fecal specimen, approumately 8 gms in
amount, should be placed in a stenle, wide-mouthed, screw-capped jar
without preservative Contawners with narrow necks are dangerous to
fill, and it 1s difficult to withdraw the sample Because of the necessity
for freezing, the yar should not be more than half full Insert the jar in
a double maihing case To protect the laboratory personnel, place the
history form between the mner and outer marling cases and not inside
with the specimen jar Freeze n dry 1ce Pack with dry ice for trans-
portatien On receipt at the laboratory, store in a dry-ice cabinet.

1 Preparation of the fecal suspension  All specimens are prepared 1n 2 draft-
free room by two worhers, each of whom wears a surgical gown, gauze face mask
and harr cover, and rubber gloves If spectacles are not worn, a plastic eye shield
15 used.

The specumens to be tested are removed from the dry-ice cabinet about 3 hours
before they are required After thawing at room temperature they are kept at
refrigerator temperature (4° to 6° C ) until used

Tith 2 stenle tongue depressor transfer to a mortar a portion of feces, about
2 gms, weigh Grmd with sterle sand or other abrasive Add broth-salt solution
(0.85% salt solution + 109 mfusion broth) to mahe approtumately a 20 per cent
suspension Centnifuge at 3,000 rpm for 10 mibutes Take off the supernate Re-
centrsfuge 1t for 30 munutes at the same speed Remove the supernate and add to
1t for each ml of suspcnsion 500 umits of pemallin and 25 mg of streptomycin in
005 m) Refrigerate overmght Streak on blood and beef extract agar plates

B TuroaT Swass

A special double container outfit is desirable, which consists of 2
absorbent cotton swabs on 16-gaugz wire 55§ nches long, mnserted nto
No. 4 paraffined corks and stoppered i 15- by 125-mm pyrex tubes
and 2 corked tubes of the same size contaiming sterile buffered 50 per
cent glycerol solidified with 1 per cent agar

With a swab rub the oropharynx of the patient Remove the cork
of a glycerol-agar tube, Thrust the swab into the glycerol-agar and
leave it there, Repeat with the second swab and the second glycerol-
agar tube

1. Preparation of specimens In a sterile mortar, grind the swab in
a small amount of broth-salt solution to each ml. of which has been
added 500 units of pemeillin and 2.5 mg of streptomycin in 0.03 ml.



156 DIAGNOSTIC PROCEDURES

C. Inocuration oF INFANT Mice

The mice should be preferably not more than 1 day old. For subse-
quent passage of strains inciting signs of disease characteristic of Group
B, mice 1 day old or younger should be used. For many types of
Group A, muce up to 4 days old are satisfactory. All infant mice are
pooled and redsstributed in groups of 8 by stratified random sampling 3

With each specimen inject three groups of 8 infant mice; one sub-
cutaneously (003 mt ), one intraperitoneally (005 ml.), and one intra-
cerebrally (002 ml.). Observe daily for 14 days; record the signs of
disease, With chloroform sacrifice mice that are 1ll or paralyzed ot
show tremors or spasms, and harvest the tissues required.

The incubation period may vary from 2 to approumately 13 days
Mice injected with stramns of many Group A types usually show signs
of disease in 3 to 5 days; of Group B, in 6 to 9 days. Longer and shorter
incubation periods may be seen with both groups

Because 1t may be removed with less risk of contamination, the
brain has been used as the stock tissue for preserving a strain, The virus
titer of Group A strains 15 much higher i the muscles; therefore legs
or carcasses are harvested for other purposes

Secure the mouse on the autopsy board on 1ts ventral surface. Wet
with alcohol Remove skin, With aseptic precautions remove the brain
to a jar contaming 50 per cent glycerol and store at refrigerator tem-
perature (4°-6° C.). Remove legs or carcasses to jar to be stored m
dry-ice cabinet, Sht the abdominal walf and open the cranium of one
whole, skinned mouse inoculated by each route. Transfer to Bouin
fixative for histologic study.

III. IDENTIFICATION AND DIFFERENTIATION
OF VIRUS

On isolation the Coxsackie viruses fail to induce evident infection
in adult mice moculated intracerebrally

Weigh the tissue Transfer to a stenile mortar and grind with sterile
sand or other abrasive Add broth-salt solution to give the required
concentration, usually 10 or 20 per cent Centrifuge for 10 minutes at
approximately 2,500 r.p m. Take off the supernate. With the supernate,
inoculate intracerebrally (003 ml) 10 mice weighing 10 to 12 gms
Observe for 30 days As a control of infectivity, inject also a group of
infant mice. The infant mice should show signs of disease promptly;
the weaned mice remain apparently healthy
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A DETERMINATION OF GROUP

Observation of the signs of disease m the infant mice will usually
indicate the group i which the strain belongs Group A infected ani-
mals develop flaceid paralysis usually without encephalitic signs In
Group B nfected mice, tremors are common, and there may be gen-
eralized spasms or paralysis Dyspnea and cyanosis may semetimes be
seen  Histologic examinations are made for confirmation ® Group A
stramms miformly induce muscle lesions without damage to the central
nervous system, fat tissue, or wscera Group B strams are less con<
sistent  Focal muscle lesions are fi ly present m int;

fated mace, hat less often i am-
mals Involvement of the central nervous system is found in a large
after bral inocul: Lesions of the fat pads are

frequently seen The wmterscapular fat pad is the most convenient sam-
ple Necrosis of the acinar tissue of the pancreas 1s not uncommon.
Samples of all of these tissues should be collected from early generations
fixed in Bouin’s flud, embedded 1n paraffin, sectioned, and stained with
ylin eosin The full 1 of lesions i
with Group B virus infectzon may not develop until the stramn 1s adapted
to mice The muscle lesions due to Group A infections and the fat lesions
due to Group B infections can be 1dentified with certainty in the gross
by an experienced observer

The muscle lesion ts nonspecific in detail as seen in histologic prepa-
ratons It consists of internal changes i the muscle fibers leading to
lysis or coagulation followed by 2 hyalin appearance and the rapid pro-
liferation of young muscle cells and a variable degree of leucocytic
infiltration All or almost all of the striated muscle of 1nfant mice is
mvolved m Group A infections, and the unversal dstribution 1s a hall-
mark of Group A fection

The cerebral lesion associated with Group B infections is also non-
specific and resembles that seen in several other virus infections in
which massive necrosts of the cortical peurones occurs within a day or
two The lesion of young fat tissue is specific and has been seen under
only one other circumstance; namely, in young rodents infected with
strams of poliomyelitss virus and dosed with cortisone In infant mice
infected with Group B strains of Covsackie virus, lesions of poliomye-
liis do not occur The changes consist of death of immature fat cells,
which coalesce and form clumps that become surrounded by a zone of
regeneration, The central fat undergoes condensation and after a few
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days is quite opaque Calcium deposits quickly follow, The lesion 18
peripheral 1n the lobules of the fat,

Necrosis of acinar epithelm of the pancreas 1s frequently found
mice infected with Group B strains In the young the cells become
intensely acidophilic and desquamate mto the lumima They shortly
become necrotic and are absorbed The cells of the 1slands of Langer-
hans are not affected, and m recovered mice only the 1slands may re-
main, surrounded by adipose replacement tissue Identical lesions may
be found 1n the pancreases of adult mice infected with certain Group B
strains and may serve to wdentify such infections in animals that sicken
but do not die. The faculty of destroying the pancreas ts lost if Group B
strains are maintained by bram tissue passage, is preserved if carcass
is used as inoculum, and 1s intensified 1f pancreas is used.

B DerermiNatioN oF TYPE

Type differentiation s usually made 1n this laboratory by the neu-
tralization test method mn suckhing mice. Other mnvestigators have found
the complement fixation test to be a satisfactory procedure®3%39 for
differentiating types and studying their relationships.

With cytopathogenic strams an adequate neutralization test may be
made in tissue cultures

1. Preparation of sera.

a. Strams. At this time, 19 types have been assigned numbers in
Group A. There are undoubtedly others. Five types have been recog-
nized 1n Group B (Table 1). Stock preparations of the representative
strains are maintamed as infected brain in glycerol with a few exceptions.

b. Antigens To prepare a virus pool for immunization, large num-
bers of infant mice are inoculated and sacrificed when signs of disease
are apparent The harvested tissues are stored in a dry-ice cabinet.

Prepare suspensions as described on page 156 and store in a dry-ice
cabinet.

¢. Procedure Serum 1s produced in large mice and adult hamsters
by the intrapertoneal injection of Iiing virus in suspension of muscle
For sera to be used in complement fixatron tests the homologous animal
tissue is always used. Sera from animals imnumized with muscle tissue
are mare potent than those prepared with bramn suspension. .

The dosage of 10 per cent suspension given in four weekly doses is,
for mice, 0.5, 1.0, 1.5, and 2 0 ml.; for hamsters, 10, 1 5, 2.0, and 3.0 ml.
Bleedings are usually taken 7 to 10 days after the last injection, Sera
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TABLE 1
Crassrication or THE COXSACKIz VIRUSES

Representative Stramns Representative Strains
Group [ Type Name  (Number*|Group| Type| ~ Name  [Number*
Al 1| TT 249 | A | 14 | cue 52113
z(H 49190 |[Comt { 15 | GO 52108
3]0 9191 16 | G109 52100
4 . 50246 17 | G128 s2111
5| 6s 5134 18 | G13¢ 52112
6| Cca 5011 19 | NIH¢ 53157
7| we 50140 8663
s8] cp 5010
9| PpB 50546 || B 1| ro 49683
10 | NK 50548 2 { Oho (RedY | 50207
11 | Belgum1d | 52048 3 | Nancye 50531
12 | Texas12e 51204 4| 1VE 51196
13 | Flores 5359 5 | Faulknerk 53122

* Type culture collection Dumber, Division of Laboratores and Reseatch, New York
State Department of Health
eHownt, B F, and Benebeld, U R Proc Soc Ezper Biol and Med , 13 9092, 1950
#Godenne, Maty-O, and Curnen E C Acta Poedatrica Beigrca, 8 2042, 1954
o Contreras, G ‘Barmett, V 3, and Melnick, J L/ Immurel, 69 393-414, 19
4Gear,] H - e man
Second
o Robert J . .
Melmck, ]
7 Melouck, J
B Alex J Stegman, University of Lowsville, School of Medicine, Lowswille, Kentucky

of high neutralizing titer may also be prepared 1n monheys by repeated
doses of living virus i mouse or hamster muscle suspension

d Determination of specific actvity The serum 15 tested by (he

i test with the strain of the homologous typ

Use as virus the represemame stram of the type. With Group A
sera, test for titer agamst both bram and muscle suspenstons, 10t In
the preliminary test make 10-fold dilutions beginming with 1 5, usually
3 but varying with the type and the tissue In a second test use 2-fold
dilutions between those giving complete and no newtrahzation mn the
first test

With Group B sera, test against brain suspension, 107, 2-fold dilu-
tions begmmng with 1 5, usually 5oc 6

In addition, tests for cross reactivity with the other types are cat-
ried out,
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2, Complement fization test. The complement fixation test with
Coxsackie virus antigens, although v as 3 di ic aid, is
useful in the serologic classification of strains, especially as a screening
pracedure Both the test tube technic?-? and plate micromethod 3%
bave been found satisfactory.

Antigens, in general, are d with le-by pensiens of
infected suckiing mice, partially purified by repeated ireezing and thaw-
ing followed by high speed centrifugation, Further treatment for re-
moval of nonspecific activity has included acetone-ether* ether,®
p sulfate?3® p ine sulfate and ether*? and potassium
urate.#? Activity may be preserved by storage lyophjlized,*® at -70,4°
-20 and in the refrngerator,i

The prehminary fixation peniod used has been, in general, overnight
at 4° C., with 30 minutes at 37° C after the addition of the sensitized
cells, In addition to controls of complement activity, necessary contrals
include mormal tissue antigen, normal serum, virus antigen without
serum, immune serum without antigen, and immune serum with its
specific antigen,

3. Isolation and identsfication tn tissue culture {Group B). An in
vitro method for the isolation and classification of Group B strains i
available 10 Gissue cultures of trypsinized monkey kidney cells

Growth of a Group B, Type ! strain (Conn. 5) with progressive
cytopathogenic effect was obtained by Stulberg, Schapira, and Eidam
on cultures of mouse interscapular fat pad tissue? and mouse skeletal
musclef® Weller and co-workers 2 found that another B-1 strain (De
Mole) appeared not to multiply in human embryomc skin muscle or in
mature uterine tissue but increased m cultures of human embryonic
brain and intestine and mature kidney tissue Cytopathologic effects
were noted by Crowell and Syverton on Hela cells with a B-1 strain

(Conn. 5) and three strains of B-3 ** Stegman*® observed cytopatho-
Togic degeneration in renal epithelial roller cultures with several B-2
and a B-5 strain, Sabin*® isolated a B-4 stramn 1 monkey kidney tissue
culture,

Ysolation from fecal suspensions in cultures of trypsinjzed monkey
Lidney cells of Group B 1-4 has been made m this laboratory and cyto~
pathologic activity noted in moakey kidney cell cultures inoculated w.ith
suckling mouse tissue suspension of a number of Group B strams in-
cluding Types 1to § Cettain Group A strams, especiaily A9, have also
been isolated in tissue cultures 5
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a Glassware Tubes (15 by 100 mm) with white rubber-lined
screw caps are used foutinely.

‘To clean, soak for 1 to 2 hours in 2 0.3-0 3 per cent solution of a
detergent suitable for use with local water Scrub by hard to remove soil.
Wash in baskets in a CharLab machine in a 0 3-0 5 per cent solution of
detergent for 15 munutes at 200°-~212° C. Follow the machine washing
by two rinsings in the machine in tap water, Rinse tubes individually on
a jet rser with 10 to 15 ‘changes (2 to 3 min ) of hot tap water (160°~
180° C.) and finally, three times 1n distilled water Dry in a hot air
oven, cap loosely, place in baskets, wrap in paper, and stenlize by hot
airat 170°~175° C. for 60 to 75 minutes.

b. Nutreent fimds The fluid used most frequently is the modifica-
tion of mixture 1997 with Hanks’ balanced salt muxture described by
Youngner 49 Mixture 199 with Earle’s salt mixture*? is also used To
the former the sodium bicarbonate ts added only when ready to use
to bring the pH of the medwmm to 7 2-7.4, Fifty units per m! each of
pectllin and streptomycin are also added just before use For growth
of cells the 199 muxture (Hanks’ or Eatle’s) is combuned with 2 per cent
of normal horse serum previously heated at 56° C for 30 minutes No
serum is used in the mamtenance fluid in the actual test.

c. Tissue. The preparation of trypsinized monkey kidney cells fol-
lows in general the methods of Dulbecco®® and Youngner5® Kidoeys
of cynomolgus and rhesus monkeys have been used

Anesthetize and exsangumnate monkey Remove kidneys and wash
with Dulbecco phosphate buffered salt selution,*® approvimately 10 ml.
per Lidney, Separate cortical tissue as well as possible and with scissors
cut into pieces 4 to 5 mm in size. Wash at least four times with approxi-
mately 25 ml of phosphate buffered salt solution per kidney. Add 20 ml.

a 50-ml centnifuge tube The pieces of tissue remamn i the blendor.
Add fresh trypsin and repeat 7 times. Pool the extractions and cen-
trifuge for 5 minutes at approximately 1,000 rpm Discard supernate
Resuspend sediment 1» 20 volumes of mixture 199 +- 2 per cent horse
serum, Centrifuge for 3 punutes at approximately 600 rpm Repeat
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the washing and centrifugation twice again. Transfer the cell suspension
to graduated 15-ml. centrifuge tubes and run for 3 minutes at approzi-
mately 1,000 r pm. Note volume of packed cells. Resuspend with 50
times their volumes of mixture 199 (Hanks’) 4 2 per cent horse serum
Strain through 3 layers of cheesecloth Remove a sample. Dilute 1:10
and make 2 cell count in 2 hemocytometer. Adjust with the same medum
to a final 600,000-800,000 cells per ml.

d. Tissue cultures. Pipette 0.5 ml. of suspension {300,000-400,000
cells) into each tube, Incubate, stationary, at 35°-36° C. in a horizontal
position with the neck of the tube shightly raised Aluminum cake pans
(9 by 9 in ) may be adapted to carry 16 tubes by supplying two neck
rests for the tubes.

Cultures are ready for use m from 4 to 7 days, usually 5 and 6

e Isolation Feces are prepared as for moculation of mice {p. 155).

Replace the fluid on the cultures with medium 199 (Hanks’) with-
out serum. Medium 199 (Earle’s) may alsa be used. Dilute the fecal
suspension with an equal amount of the same medium With 0.1 ml.
inoculate each of 3 tubes Incubate as above Always include uninocu-
lated tissue cultures as controls.

Cell damage is evident in less than 4 to 7 days with maximum effect
11 less than 5 to 9 days

As with poliomyelitis virus it is necessary to prove that the observed
cell damage 1s specific and not due to cytotoxicity of the inoculum or to
another virus To rule out toxic effects a titration in monkey kidney cell
subculture (10-! through 10-%) should be made. If suckling mice one day
old or less are available they should be inoculated subcutaneously (003
ml,). Failure to induce evident disease m suckhng mice does not, how-
ever, afford proof that the agent is not a Coxsackre virus

f. Neutralization test A satisfactory neutralization test with the
specific antisera may be made with the monkey kidney cell cultures
The cytopathogemcity of the virus used mn the tests is determined
by the inoculation of 3 or more 10-fold dilutions combined with an
equal amount of Hanks’ solution.®® Pooled normal sera from the same
animal species as the immune sera are included as controls, Hanks’
solution is used as diluent for both virus and sera Uninoculated tissue
culture tubes are incubated with the test and examined daily as controls
of the effect of continued incubation on the cells. In the screening test
the normal serum and each Group B antiserum may be used diluted 1:5
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with approximately 100 infectious doses of virus, in the confirmatory
test serial 2-fold dilutions of the specific serum through 1:80 or 1:160

Replace the flnd en the monkey kidney cell cultures with solution
159 (Hanks’ or Earle’s)

Mix equal parts of virus dilution and serum dilution and hold at
room temperature for 1 hour. With each mixture inoculate 3 monkey
kidney cell tubes (01 ml each) Incubate, stationary, at 35°-36° C.
honzontally as above Examine daily for cell destruction The test may
usually be terminated within a week. As in tests with poliomyelitis virus
the apparent titer of the serum will vary with the amount of virus used
as the test dose and the length of the incubation pertod

4  Neutrabzation test n mice Bram or muscle virus suspension
may be employed For convemence we have used brain suspension in
type-determmation tests when the infective titer 1s sufficiently high
(LD, =05 X 103 or less) It has been found necessary to use muscle
‘ussue suspension for most Group A, Type 1 strams and for Types 7, 9,
11, 13, 15, 16, 17, 18, and 19,

The procedure for the screeming test varies with the group With
strains 1solated 10 this laboratory, one dose of the virus of unknown
type, usually brain suspension, 107, 1s tested with the different sera
Group A strains are combined with 2 poals of 5 sera each of the first 10
types Dool 1, Types 1,4, 6,7, 9, and Pool 2, Types 2, 3, 5, 8, 10 If the
stramn 1s neutrahized by one of the serum pools, 1t ts then tested with
the individual sera in the pool, usually 1 10, against brain 107 or muscle
1072 or 10~ Tf neutralization 1s not obtained with exther pool the indi-
widual sera of Types 11 to 19 are tested Sera of Types A-13 and A-16
are low m titer, and undiluted serum must be used in screening

With Group B strains each Group B type serum is tested mdividu-
ally, usually undiluted against brain tissue, 107t

A similar procedure 15 used with strains sent from other laboratorzes,
but since they are usually received as muscle suspension a preliminary
dilution 1s made If it 15 not indicated whether they belong mn Group A
or B, the Group A screemng procedure is followed

When neutralization 15 obtamed with serum of a known type, con-
firmatory tests are based on the previously determined activity of the
serum with the representative strain of the type Usually a 10 dilution
of virus brain or muscle-bone suspension is tested with a series of dilu-
tions of serum of known neutralzing activity No routine series of
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ditutions can be suggested since they will vary from type to type, but
they shauld be selected on the basis of the previous titrations of the
serum with the representative strain

When no neutratization is abtained, or the pattern does not conform
with the previous expetience, consideration is given 1o the guestion af
the presence of more than one infectious agent of the Coxsackie group
Thus is not unusual when the test matersal 1s sew: age or is contaminated
with sewage ® It is also in the indsvidual speciment6.8831

A very Jarge number of the Group A strains encountered may be
classified 1n the first ten types Failure to be neutralized by Group 8,
pools 1 and 2, is, therefore, considered suggestive of z mixture Before
golng on to tests with sera of Types 11 1o 19, the follawing procedure
s used Tissue is harvested from the unprotected muce inaculated with
each pool Each of these, virus 4 pool 1 and virus 4 pool 2, is agaim
put mn mice with each pool, I¢ na neutralization 1s obtained, the wnirus
is then tested with the other type sera (131-19). Frequently, however,
ote stran of & mixture will have been elimunated and the other may be
typed The second strain may then be separated by injecting mice with
the ariginal sample combsned with serum of the known type

Clues to a Group A-Group B musture may be found during the
microscopic exammation as when brain or fat pad lesions are found in
tmuce showtng signs of disease typical of Group A Suspicion should also
be aroused when occasional spashic mice are noted among others show-
g typicat Group A mfection Separation of a Group A~Group B miv
fure is usually not too difficult since the Group B incubation period is
often longer and the type of the A-stram will have been indicated by
the screeming procedures Inoculation of suckhing mice with the original
specimen or tissue combined with type-specific antiserum to the A-strain
will yield the Group B agent After this has been typed, reinoculation
1nto muce of the orignal matenal with the B-settem will free the A-strain
1t is most important to use mice no more than 1 day old for the B-com-
ponent since m older mice many B-strains will nat induce signs of disease
Tn mixtures of twa Group A strains complement fisation tests will some-
times provide an indication of the type of one at moze of the strains

In the test partial i by & serum at a Sintion
which, through knowledge from previous tests with the reptesentative
strain, shoutd X letely or a definite hening by an anti-

cerum of the period before nfection is evident will indicate the fine of
attack with the procedure described above
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Since certain Group A types do share antigenic components, cross
reactivity may sometimes suggest a mixture which 15 not present, In
these instances it has been customary to pass the infected tissue mixed
with the cross reactive serum several times through mice If a mixture is
present the virus in the harvested tissue should be completely refractory
to the serum used If there is a shared antigenic component the degree
of cross reactivity usually continues similar to the original.

When na neutralization 1s obtamned and there is no evidence of 2
toisture of strams, serum 15 prepared with the new strain,

a, Procedure Mice of the Albany standard strain 1 to 3 days old
are used, 1 day old for Group B The infant mice are pooled and redis-
tributed, usually in groups of 8, by stratified random sampling. The
infectivity of the virus used in the tests is determined by the injection
of 3 or more 10-fold dilutions of suspension mixed with an equal amount
of broth-salt solution Maxtures of virus and pooled normal sera from the
same amimal species which provided the immune serum are included as
controls The infectivity controls are injected last

‘When required, LD, is estimated by moving average iterpolation®
or the LD,, by the method of Reed and Muench

Mix equal parts of virus suspension and serum and hold at room
temperature for 1 hour With each dose inject one group of infant mice,
Group A strains, mtrapernitoneally (005 ml), Group B, subcutaneously
(003 ml) Observe daily for 10 days, with some Group B strains, for
14 days Record the signs of disease Remove muce that are dead and
sacrifice with those that are , or spastic

The types encountered to the present appear to be sharply differ-
entiated. Cross reactiity of varying degree has been noted, but 1t has
always been moderate or shght in comparison with the speafic activity
Reciptocal cross reactivity of Group A, Types 3 and 8, and of Types 2
and § has been scen. The A~2—A-5 cross 13 minimal when mouse im-
mune serum 1s used Immune hamster serum of A-S, however, has a
marhed cross with A-2 virus, A-§ serum also possesses neutralizing ac-
tiity for A-12 This cross reactvity 1s more evident with A-$ mouse
sera than with hamster immune sera, which suggests that it is due to a
different antigemc component from that reacting with A-2, Definite
reciprocal cross reactivity of A-11 with A-15, and A-13 with A-18 has
also been noted Shght though regular cross reactions may be encountered
with A-8 and A-12 and A-8 and A-S, particularly n tests with bram
tissue Oceasional slight cross reactions of A-5 and A-10 serum with A-3
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virus, A-8 serum with A-10 virus, A-7 serum with A-14 virus, A-15 virus
m A-17 serum, and A-17 virus in A-11 serum have also been observed.
Regular cross reactivity has been taken into account in the composition
of the Group A serum pools for the screening tests.
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Photomicronzsphs of Cotsichie viros Jeions wsefal in the entification of
freshly wsolated stratns @ Wustrates the evtensne muscle lesion that is a hatlmark
ot G oup A wtection n suchling mic b the early stawe of the cerebral lesion
that follows Group B mtections The cortical newrones are firet destroved The
brain 15 largels destroved Within a short time and then shows widespread necrosis
Calustrates a suny comman Brdimz n the rarh stages of the adaplation of Group B
stearns ta aewbaen ouce Natice the abuormal kat cells on the suriace of the lobtle
and compare them with the normal (mmature) cells bencath In the histologic
preparationy chanyes 1n coloration help in attrauting attention to (he early lesions
d 15 a samewht more odvaneed lcaon and shows coalesced, necrotic ateas which
woul soon caterty






ENCEPHALITIS
(Arthropod-borne Virus Encephalitides and
Lymphocytic Choriomeningitis)
W. McD. Hauon, M. D., DrPH.
Professor of Epid: fogy, University of T di
School of Public Health Pittshurgh, Pennsylvania

1 IntropvcTION

Il Mernoos o IsoLation Ao IDENTIFICATION OF VIRUSES
A Precautions and Preparation of Werkers
B Sources of Matenals
C Collection, Shipment, and Storage of Materlals
D Preparation of Matertals for Inoculation
E Selection of Ammals
F. Route of Inotulation and Age of Ammal
G Type and Duration of Observation and Behavior of Animals and Eggs
X Methods of Passage
1 Pathologic Specimens, Smears, Stawns, and Filtration
J Ydentification
1 Animal host range
2 Neutralization tests
3 Cross-protection tests
4 Coroplement fixation test
I Szrotacic TesTs Fox IDENTIFICATION OF DIsEASE
A Intreduction
B Collection of Materials
€ Neutralzation Tests
1 General discussion
2 Anmals used and routes of injection
3 Types of test
4 Techoics of tests.
S Interpretation
D Complement Fixation Test
1 General discussion
2 Preparation of antigens
3 Preparation of control hypenmraune sera
4. Technic of tests
S. Interpretation
IV, Reroascrs

169



170 DIAGNOSTIC PROCEDURES

1. INTRODUCTION

MERE i3 a Jarge group of neurotropic virus infections of man, en-
Tcoumered in epidemic or endemic form. In temperate climates these
oceur with sharply delineated seasonal distribution. Their geographical
distribution is still poorly delineated. Certain of these can now be grouped
as the arthropod-borne virus encephalitides since the viruses have been
isolated from either mosquitoes or ticks, and convincing evidence has
been presented to indicate that these invertebrate hasts are vectors and
occasionally reservous. Most of these virus infections ate principally of
vertebrates (mammatian or avian) other than man, whe is a more or
Tess accidental host. On present evidence of & human disease syndrome
the following viruses can be assumed to belong to this group: Western
equine, Eastern equine, Venezuelan equine, St, Lows, Japanese B, Mur-
ray Vatley? loupmg i, California3® Russian spring-summer (Jouping
M?) 57 and West Nate 13 Probable but less adequately studied members
of this group of viruses are Mengot41% and a large number of others iso-
Tated etther irom febrile persons or from mosquitoes m South Americs,
Africa, or the United States 31925 Lymphocytic choriomeningitis virus,
although beheved to be spread most frequently by excreta of rodents and
to mamfest a different epidemiologic and geographic pattern, is capable
of experimenta) arthropod transmission, Since its diagnosis and chnical
manifestations follow the general pattern of the athers under considera-
tion, it will be included in this discussion

Most of the diseases in this group range m severity from the mildest
type of ilness, which gives no indication of primary involvement of the
central nervous system, through a mild, febrile, meningitic form with
spinal fluid changes and other clinical manifestations like those of non-
paralytic pohomyelitis, to a severe, ventral nervous system disorder
charactenzed by stupor, tremors, convulsions, coma, and deatht1,2928
The more severe cases ate those usually recognized. Although these
viruses are catried to man by blood-sucking arthropods (shich generally
acquite infection from the smaller vertebrates?), in some infections of

man the stage of viremia is Recting and possibly absent. The same applies
1o the presence of virus in the spinal fiwd. In several types of these i!3~
fections, only serologic methods are available for laboratory diagnosis
wnless the disease is fatal, when an opportunity is offered to isolate the
virus fram the central pervous system tissue. In many of the infections
the pathologic lesions are so similar 1n pattern that the etivlogy cannot
be determned by microscopic study alone. For details of the pathology
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of several diseases in the group six papers are recommended.2” %% In
general, the agent to be sought or the serologic tests to be performed can
be judiciously selected?®*! if one knows what viruses are active 1 the
area where exposure occurred, if the season is that of activity of the
recognized vector {spring for ticks, summer for mosquitees), and if ex-
posure to bites 1s probable
As a group, these viruses range 1 size from 15 to 122 mu3* so are

readily filtrable through the more common bacteriologic filters, and they
will remain in suspension when centrifuged at speeds from 16,000 to
18,000 rpm, in a Spinco No. 30 rotor, Insofar as tests have been made
none is adversely affected by the usual bactericidal or bacteriostatic con-
centrations of pemcillin®? streptomycin,3? the sulfonamdes,®® phenyl
mercuric borate,%% or 50 per cent neutra) glycerol Merthiolate should not
be used because of 1ts effect on certam viruses 33* Thus several procedures
are available for i d tissue bacteri: Iy
1nactive for animal moculation The viruses are inactivated by ether$ and
oxidizing agents and stabilized by certain reducing agents 3339 Tke range
of pH stability vanes considerably from one virus to another 3839 All
require 10 per cent or more of rabbit serum or other appropriate protein-
stabilizing substance to preserve them at constant titer for as long as 2
hours at 37° C. They tend to lose titer slowly aver a penod of a few
days at 5° C. even m this medium, In sealed tubes and in 50 per cent
serum at the temperature mamtamed 1n dry-ice chests, a concentrated
suspension will maintain its infectious titer for many months, and the
viruses may be safely preserved thus for years, and possibly indefinitely,
without further passage Preservation up to three months is quite saty
factory at ~20 to ~30° C n a mechanical deep freeze and for nine *
months for some members of the group 4° These viruses may be lyophi-
lized, and wractivation mn the dried state proceeds very slowly even at
room temperature One of the most common, though Jess effective, means
of storage is in 50 per cent neutral glycerol at 5° C

. METHODS OF ISOLATION AND IDENTIFICATION
OF VIRUSES
A PrECAUTIONS AND PREPARATION oOF WORKERS
Several laboratory sfections have eccurred among those working
with the Eastern, Western, and Venezuelan equine and with St. Lows,
Touping ill, Russian Far East, and Iymphocytic choriomeningitis viruses §1
In most of these, the route of infection is not definitely known, but prob-



172 DIAGNOSTIC PROCEDURES

ably in the majority was by inhalation of finely dispersed viras particles.
Under no circumstances should the Waring blendor or other similar
mechanical device be used unless under an adequate hood, Previous to
wvaccination no one should be permitted to work with the Venezuelan or
Russian and louping i viruses themselves or with the inoculated animals,
Vaccination®? is also recommended for those working with Eastern
and Western equine virus The three “equne” type vaccines can be ob-
tained from certain urers of biologicals as f Tinized chick
embryo suspension prepared for horses ot prepared especially for human
use No vaccie 15 available for Iymphoeytic choriomeningitis, but it is
strongly recommended that only those known to have a significant titer
of “acadentally” or normally acquired antibodies be permitted to work
with it, where 1t is being used, or where infected animals ase housed.
Accidental infections with clinical manifestations with Japanese B virus
have not been reported among the many workers in contact with it, but
great precaution should be taken in particular against any type of ait
dispersal. Smadel’s warnings on hazards should be studied by 2l workers
with these agents 2
B Sources o MaTERIALS

West Nile virus has been isolated from the biood in numerous in-
stances.? 19 1 Jin lymphacytic choromeningitis infection, blood and spinat
fluid should be tested for virug These fluids have likewise been repeatedly
reported posttive in the Venezuelan equine and Russian spring-summer
disexses, but rarely or never with most of the others. Othersise, gray
matter, preferably selected from the brain stem, rudbrain, and hippo-
campus, is selected far test

C  Correction, SRIPMENT, AND STORAGE or MATERIALS

Blood and spinal fluid, f taken for test, should be collected only
during the eatly, febrile phase Blood should prefetably be heparinized,
for virus may he adsarbed ta cells 3* Citrate and oxalate should not he
used because they produce Isions when lated brally
into esperimental animals Al fluuds should be collected aseptically.
Prain tissue, when possible, should also be obtained aseptically, Virus
can most frequently be obtained from patients that have died within the

first § days after onset and when autopsy 1s performed within 2 or 3 hours
after dcalh Enovgh isolalmns, hewever, have been made under Jess
other aﬂcmpts if no better mate-
Jabl vawusly, if is d prior to autopsy,

nalis
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the tissues are valueless for the tests to be described. Selected tissues for
pathologse study should be placed in 10 per cent formalin or Zenker’s
solution or both.

Tmmediate mnoculation of specimens, though preferable to storage, 1s not always
practical Storage at 5° C to —10° C, obtanable i ordinary electric refrigerators
or n a water-tight contamner surrounded by ice and water, 15 adequate for 1 or 2
days If longer storage 15 antiipated the tissue or flud should be placed 1n an ade-
quately sealed tube and placed 1 carbon diowide e of other type of storage con
tamer maintained at -50° C to ~70° C Penetration of carbon dioxide gas has been
known to mactivate some of these viruses,3? so that sealng agawnst entrance of the
gas under the greatly reduced pressure of an extremely low temperature 1s considered
1mportant If materials are to be shipped, the same cntena of temperature must be
observed Hemolysis of erythrocytes due to freezing does not appear to wjure these
iruses 32 Frequently, portions of brain tissue placed in SO per cent neutral, buffered
glycerot will yield virus 1 stored for several wecks at 5° C., and thus method may
be used to advantage 1f shipment 1s essential In no case should materials be left
tore than a few muutes at or above room temperature

D PrEPARATION OF MATERIALS FOR INOCULATION

After bactenial sterility has been demonstrated, or when there 1s ittle
doubt of 1t, blood or spinal flud may be moculated without further prepa-
ratton Blood should be tested in several 10-fold dilutions, and also undi-
luted, since occastonally virus 1s isolated only after dilution Brain tissue
should be suspended 1n 10 per cent inactivated normal serum (preferably
rabbit or other laboratory animal known to be free from antibodies) in
saline which contains 625 umts of pemcitlin and 50 pg of streptomycin
per ml The suspension can be prepared by thoroughly grinding 1t for §
to 10 minutes with a good abrasive such as alundum Either a 10 or 20
per cent tissue suspension 1s usually prepared After slow speed centnfu-
gation for a few minutes, the supernatant 1s mnoculated The object 1s to
sediment large tissue particles and abrasive Centrifugation at 16,000 to
18000 rpm for 15 munutes in a refugerated centeifuge may be required
1f contamination 15 excessive

E SELECTION OF ANIMALS

Muce are lighly susceptible to all these viruses, and 1f only one kind
of animal 15 to be used, the mouse is the animal of choice Although any
mouse will serve for certain viruses of the group, for satisfactory work
with the St Louis virus, the Webster neurotropic virus-susceptible stramn
of albino mouse {the Swiss-W) 15 preferred ** Chick embryos, chicks
(less than 6 hours’ old), and gumea pigs are equally susceptible or more
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susceptible to certain strains of the equine viruses. Guinea pigs are
more susceptible to some strains of the virus of lymphocytic choriomen-
ingitis and hamsters to Murray Valley encephalitis virus.4%* There ap-
pears to be no ind:cation to include other antmals in the primary attempt
to 1solate any virus of this group Early work with tisste cultures suggests
that with further knowledge certain tissues may be employed advan-
tageously for some of the viruses of this group.

F RoUTE oF INOCULATION AND AGE OF ANIMAL

Mice, guinea pigs, and hamsters are most susceptible by the intra-
cerebral route For some of the viruses guinea pigs and hamsters de-
velop only an inapparent illness as evidenced by the development of
antibodies With well-adapted strains of most of these viruses, the age
of the animal has little effect on susceptibility to cerebral mjection, This
does not apply to certain freshly isolated strains For these strains the
younger animals appear to be more susceptible, For virus isolation un-
weaned mice 3 to 6 days of age or younger are preferred when available
A group of 6 or 12 should be inoculated with 0,04 ml intracerebrally
and 003 ml. intraperitoncally and the suckling mice returned to their
mother for nursing, For 1noculation a 3§-inch or ¥5-inch, 26- or 27-gauge
needle 15 recommended. Unweaned gumea pigs may also be used with
advantage, giving 005 ml. intracerebrally and 1 0 ml. intrapentoneally
1f antmals are used after weaning, mice aged 3 to 4 Weeks may be given
003 ml, intracerebrally and 0.3 ml intraperitoneally, and guinea pig
015 ml and up to 50 ml, respectively. Al intracerebral injections
should be made under hght ether anesthesta S or more animals should
be used If mice are to be inoculated by the peripheral route only, the
age of the animal is very important, for it has been shown*$ ¢ that an
increasing resistance develops in growing animals to miection by this
route with most of these viruses. Increased peripheral resistance with
age has not been demonstrated for Venezuelan equine, Russian, and
some strams of Jouping 11l virus Other routes—intranasal, intracutaneous,
or sub are not ded H. are inoculated with
0 1 m! intracerebrally and up to 0.5 ml imtraperitoneally.

If eggs are used, they may be infected by any route In general, 6
or more 9- to 12-day-old embryos are inoculated with 01 ml by stabbing
into the arez near but 1ot in the embryo (during visualization), or mnte
the yolk sac, or, if preferred, onto the dropped choriosl{antoic membrane
After sealing with wax or 2 paraffin-wax mixture, they are incubated at
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35° to 37° C** As a whole, when working with this group of viruses,
there is rarely any indication for using eggs.

G. Tyrr aND DURATION O OBSERVATION AND BEHAVIOR OF
Anmars anp Ecos

Infant mice must be carefully observed several ttmes a day for signs
of illness, for should one become morbund or die it may be promptly
eaten by the mother. Other animals are examined twice a day for ap-
pearance of signs of infection, and the rectal temperature of guinea pigs
should be taken. A clinical, rectal thermometer should be introduced to
the 100° F or the 38° C Ime for a true reading, and only temperatures
above 104° F. or 40° C. are of significance Guinea pigs showing an
elevation of temperature for 2 successive days without other signs of
infection should be sacnﬁced for passage of brain and spleen (the latter
for lymph 1c chori ), ise, they are observed for 20
days unless signs are noted of tremor, sali
tion, convulsions, or paralysis Mice are observed up to 20 days for
roughening of the caat, lack of or increased activity, or unusual behavior
of any kind—tremors, ctreling, hunched position, stiffening of the tail,
or paralysis The “spin test,” consisting of rotating the mouse one way,
then the other, while he 15 suspended by the tail, then watching his re-
action after release, 1s frequently a valuable observation It may induce
rolling or clonic or tomc convulsions Any sick mouse is sacrificed for
passage of the brain It is not unusual to find only one animal becoming
tll during the first passage of material.

Eggs are observed for activity several times a day after the first 12
hours This s done i a dark room over a candler. Death of the embryo,
indicated by complete immobility wath lack of pulsation and transparency
of vessels, occurnng more than 12 hours alter inoculation, is an indica-
tion for passage of the matenal

H Mernops or Passace

Brains or spleens of amimals or embryos from eggs are remaved
aseptically and tnturated m a 10 per cent suspension in the same
manner as the original tissue was prepased This suspension is cultured
and sed; and the fluid is i by the same
routes previously employed in a group of the type of amumal that has
proved susceptible After several successful serial passages the mcuba-
tion period wil) usually decrease, oculation can be performed by the
intracerebral route only, and only 2 or 3 animals need be inoculated
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A still more sensitive type of test is one employing serial blind pas-
sages of inoculated animals or eggs. This method should only be at-
tempted by those with esperience and with the full reahzation of the
many possible pitfalls, principally that of picking up a latent agent
present in one of the animals,

I. PatnoLocic SPECIMENS, SMEARS, STAINS, AND FILTRATION

After it is certain that an infectious agent has been transmitted in
serial passage, parts of the central nervous system tissue should be ex-
amined in stained microscopic sections and by impression smears stained
with Giemsa and a stain like Macchiavello’s, to rule out larger obligate
tissue parasites, Animal inoculation after passage through a Seitz or a
Berkefeld V or N filter will establish the filtrability of the agent. Prior to
filtration, the 10 per cent suspension in serum-saline should be clarified
by centrifugation at moderate speed (3,500 to 15,000 r.p m.).

J. IoenTIPICATION

1, Anmimal kost range. At this time it is usually in order to inoculate
several species of laboratory animals with the agent, some individuals
of each species by the mtracerebral route, others by the intraperitones!
or subcutaneous routes. Those inoculated by exther the intracerebral or
the peripheral routes should receive serial 10-fold ditutions of the virus
suspension up to 10°5 or 10°%, The results of these trials will frequently
give a clue to the identity of the agent. Table 1 is useful for identification
of certain viruses of this group. It includes also Theiler's encephalo-

TABLE t
or CERyAIN L ToRy ANIMALS T0 A GroU? of
Nrusorzorie Vieyses (on Pantaxy Isoration ox Easry Passace)
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Bice, 4 wky Cunen Pigs
or older 50 g3 or more Rabbits  |Monkey (De‘:xh) Hamsten
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myelitis virus of mice, This agent is frequently picked up inadvertently
and can usually be recognized fairly well by its limited host range and
low titer. Tt 1s noted with all these viruses that freshly isolated strains
occasionally show peculiar behavior regarding pathogenicity for certain
hosts.

Final identification must be made by immunologic tests

2. Neutralization tests. Specific hyperimmune sera to the more
frequently encountered viruses are essential stock reagents in any virus
laboratory ‘These are most cnnvemenﬂy prepared in rabbits. Injectrons
are given ly or intrap ing with a small
dose, then proceeding with a senes of 1 mcreasmg doses given once a week.
The rabhat 15 bled after about 2 or 3 months With certain closely re-
lated viruses sera tend to cross more if the rabbit 1s repeatedly inoculated
with large amounts of virus With the Venezuelan equine virus 1t is wise
to begin with formalimized virus, then living virus can be safely used
No heterologous serum or other highly antigenic material should be
incorporated i the inoculum

Before setting up a neutralization test it is usually most economical
to make a preliminary titration of the sample of frozen virus suspension,
using 10-fold dilutions Details are given in the section on serologic
tests, page 185 The unknown vitus is next titrated in the presence
of two or more hyperimmune sera to viruses whose properties most closely
resemble those of the new virus, and m the presence of a normal serum
Table 2 illustrates the primary titration and the setup of the final test

TABLE 2

V1xus Ioz~TIFIcaTION BY NEUTRALIZATION T2ST RESULTS OF PRIMARY ViRps
TITRATION AND RecowMr¥pED DiuTioNs rox NeUTRALIZATION Trs7s

Dilution of Virus
1071 | 1071 | 10-0 | 10-4 [ 10 | 104 T 107 [ 10~ [ 10~

Primary ttration with 474 [
normal serum. AT A/ | 4/ |4 Tt 3a [ 1 o | o

Neatralization test
proper

Contrel serom R R,
Serum A + |+ i+ + |+ + |+ ]+
Serum B + |+ e+ R]H]F
Serum € R R I T IR I N O

* Numerator Indicates number of muce that dued, dclvommx(or. u\e umber Inoculated
1 The significance of (L) and (I4) Is discussed in detail fn the
3+ Indicates that this mixture of serum and virus bs to be prepmd 20d fnoculated.
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A series of tubes 1s set up to receive the serum and the virus dilutions
for the neutralization test proper, as shown in the table. The titration
with the control serum, included in the test to verify the titer of the
virns under the actual conditions of the neutralization test, includes
one virus dilution 10-fold more concentrated than the weakest dilution
that killed all the mice (L or lowest dilutions) in the preliminary test
and each dilution up to and including the dilution which killed none of
the mice (E or highest dilution) For each of the hyperimmune sera the
lowest dilution used in the series should be three or four 10-fold dilutions
stronger than the first in the control series All the dilutions used with
the control are also mcluded (L minus 4 or § through H). After incuba-
tion of these, mice are inoculated with all serum-virus mixtures. At the
end of the period of observation for the mice (about 15 days) the LDy,
for each serum is computed by the method of Reed and Muench*® (see
Table 5). If the specific hyperimmune serum for the unknown virus isin-
cluded in the test, the LD, will be, depending on the potency of the spe-
cific immune serum, two or more dilutions lower than those of the control
and other sera In some instances (St. Lows, Japanese B, West Nile, and
Murray Valley group) overlapping is expected to occur, 2% but neutrali-
zation by the homologous serum will usually be greatest

When a hyperimmune serum has been prepared against the newly
isolated virus, it is wise to test its protection against several known
viruses, the reverse of the test described above,

Identification should not be considered complete by the neutraliza-
tion test alone, particularly if overlapping antigenicity with any other
known virus is recognized. Cross-protection tests are also indicated-

3. Cross-protection tests. A series of suitable animals should be vac-
cinated Wwith a known stock strain of the virus selected on the basis of
the above neutralization test, and enough normal control animals set
aside so that they will be of the same age when the challenge test 1s per
formed. These may be mrce or guinea pigs, if both animals are susceptible,
or only mice if guinea paigs are not susceptible. For immunization, an
amount of virus is selected for the first injection that will kill few or none
by the intraperitoneal route Or, if the ammals are highly susceptible by
this route (Table 1), a 10 per cent brain suspension of the virus may be
inactivated by a final dilution of 0.2 per cent formalin (U S.P.) and used
as such for two inoculations, followed by one or more moculations o.f the
living vitus Injections may be spaced 7 to 14 days apart, and a hxg}_‘“
concentration of virus used in each successive inoculation. In most }"'
stances 2 weeks after the 2d or 3d inoculation of living virus by the in-

[
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trapenitoneal route, the animal will withstand 100 to 1,000 or more LD
doses of the h ! virus by the i bral route. A dfferent
procedure is required for lymphocytic choriomeningitss virus. Animals
should be infected first with an attenuated stram, then with a virulent
one, before being used as immunes,

‘While rmmunizing the test animals, sirmlar normal ones are used for
a prelimipary titration to determune the LD 5o of a frozen ampule of the
unknown virus, For this titration animals are moculated with virus taken
directly from the tubes in which the serzal dilutions are prepared without
further addition of rabbit serum and without incubation A frozen ampule
of the virus used for immunization is also titrated The L and H dilutions
are determuned for each virus

In the test proper (Table 3) the unknown and known viruses are

TABLE 3
Cuoss PROTECTION EXPERIMENT AND RESULTS 0F PRELININARY TITRATIONS AND
ECOMMENDED DILUTION FOR CEALLENGE INOCUTATIONS

Dilution of Varus

1o- [ 100 [0 10 | to [ 10 | a0 [ao [ 10 | 10w
tutzations
Norma! srimats wath
unknows virus - - - | ans baan] 3s | 24 josany on
Normal animals
with Virus A - - - - A TR R e
‘et proj
‘Animialy vaccinate]
with Virus A,
inoc with unknown o+ |+ |+ |+ |+m
Azl vaccated
Virus A,
Thoc. 'thuu;A + |+ ]+ |+0| + ]+ l+ap
Normal aal
I\'ddnmkuowzvxms + +L |+ + | +an
Nos
with Virus A + +(L)y + + +(n

* Numerator Indicates number of mice thitt died denominator, the number inoculated
1 The signiicance of L and Il is discussed in detal i the text
T + indicates that this misture of serum and virus 1s to be prepared and Inoculated

inoculated into sets of the vaccinated mice, using 10-fold dilutions and
including 3 or 4 dilutions more concentrated than L and through and
including dilution H, Simlarly, the control mice are inoculated with
each virus except that only the dilutions representing L minus one
through H are used. Vacewated animals should show definite pretection
i approximately the same degree to each of the viruses (known and
unknown) if the identification by neutralization test was correct,
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Identification may be further confirmed by vaccination with the
unknown virus and challenge moculation with one or more known
viruses. With certain viruses protection against intracerebral inoculation
is very difficult to obtam, and in such a case an animal must be used
which is susceptible by a peripheral route.5! If the challenge is to be by
intrapentoneal inoculation, vaccination should be by some other pe-
upheral route,

4. Complement fixation From some viruses in early passage good
complement-fizing antigens may be prepared,*? This antigen and a ror-
mal mouse brain antigen can be tested with a series of known, specific,
hyperimmune sera and the virus tentatively identified. The complement
fixation test is described on page 197. It has been found, however, that
many strains of freshly isolated virus, and oceasionally well-adapted
stramns, do not produce satisfactory complement-fixing antigens, so that
this method frequently fails In all instances, a second immunologic test
should be employed to confirm results, for related viruses may cross
more extensively by complement fization than by neutralization,

IIL. SEROLOGIC TESTS FOR IDENTIFICATION OF DISEASE

A. INTRODUCTION

Recent work by Casals and Brown,52.6% and Clarke and Casals$ waung the
bemagglutination nhbitton test, has made 1t possible to include most of the recog-
nuzed members of this group of viruses m one of two immunolegic groups® In
group A are Eastern, Western, and Venezuelan equine, Semliks Forest, Sindbis, aed
Mayaro, wn group B are Japanese B, St, Louis, Murray Valley, West Nile, Russian
sprog-summer, louping 1}, Ilheus, Ntaya, Uganda S, Zika, yellow fever, and dengue
viruses A few others for which antigens have been made do not appear to belong to
either of these tno large groups, and antigens have not been successfully prepared
against a few others Unfortunately, the hemzgglutination tests are so coniplex and
as yet so nadequately evaluated mn field practice that at this time they cannot be
recommended for the routine diagnostic laboratory The reader 1s Feferred to the
origial publications,5 53b and 1t 1s hoped that addstional data of a practical nature
will become available 1n the near future This type of test will probably serve printi-
pally as a screemng method o suggest which viruses sbould be employed in another
more specific type of serologic test.

It has been pointed out above that for the group of virus diseases
under discussion, serologic tests ate of prime importance in asriving at as
near a correct diagnosis as is possible, The available methods, bow-
ever, have several serious disad ges. O di les are: (1)
diagnoses are usually made in restrospect, after recovery of the patient;
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(2) the first of the necessary serum specimens (minimum twoe} is not
always taken during the early acute phase®® because the correct diag-
nosis may not have been considered, and (3) serologic methods are not
always sufficiently specific to determune which of certain viruses in group
B has been responsible for the mfection.

Two types of test are now avalable for all of the viruses, virus neutralization
and complement fixation The first has been used extensively for many years Confi-
dence 1n 1ts relative specificity, knowledge of many of ats shortcomings, and certmn
partly standardized procedures and mod.fications bave kept it in the positien of
favor Knowledge, however, regarding the eﬂm of temperature and of storage on
certan antibodies uat: methods once consid-
ered rehable 32,59 03 At the time thus is wntten the final answers to some of these
vital questions are as yet undetermined

“The complement fixation test 1s a newer tool in this particular field 84 83 Anti-
gens made by different technics vary greatly in potency and speifiaty The more
speaific and sensitive antigens are relatisely dangerous to prepare Insofar as both
of these commonly used serologic tests are concerned, it does not seem advisable to
recommend “standard procedures” Instead, a description will be offered of the
tests now performed 1 one or more laboratores, accompanted by a discussion of
some of the known pitfalls and hmiting factors

One cf the difficulties m or
any of these tests relates to storage and transportation of serum specimens The
simpler types of comparative titration tests on pared sera described 2pply only to
sera stored and transported under almost ideal, mtelligently planned, and closely
supervised conditions Under less ideal, but more frequently encountered, carcum-
stances these tests may be unsatisfactory or misleading, and it is proposed to pomnt
out where modifications of each test and certamn other considerations may be used
to advantage These more varted, less ideal circumstances of collection and storage
are those encountered by any state of military special diagnostic laboratory of by
# unversity or other rescarch center which offers its scrvices 1n the diagnosis of this
group of diseases Each one of these laboratones 1s faced repeatedly and most fre-
quently with the practical problem of how to handle specimens from the individual
ease The specimens are usually far from ideal fn many respects, yet cannot m any
way be changed in retrospect The physician wants an etiologic diagnoses! The prob-
lem in each instance Is what test or fests are most suitable for this one peculiar
set of circumstances A clinical summary of Lhe case is essential in arnving at this
decision At present no single “standard procedure” offers optimal results

B. CoLLECTION OF MATERIALS
Olitsky and Casals’ recommendations®® are as follows:

Serwm It is important to bleed persons for test serum after severat hours of
fasting (for example, In the moming before breakfast or before meals) and to
employ stenle techmic Abaut 20 ce of blood fs mithdrawn, and after it 15 clotted
by keeping it at room temperature for one-balf bour, the blood is centnfuged at



182 DIAGNOSTIC PROCEDURES ’

2,500 revolutions per mmute for twenty mmutes Clear serum is then pipetted 1f 2
preservative is needed a 1 50,000 dilution of phenyl mercunc borate33.3% can be
added (or 1°2,500 borate stock, 1 drop to each 1 ce of serum, as an estimate). If 3
preservative 13 added the label on the tube should indicate this, The serum 1s placed
in a hard-glass ampule, Which 15 sealed, 1f & test tube is used, 1t should be closed
with a cork or rubber stopper and the top should be completely waxed. A glass
container should be filled only to one-third 1ts volume to prevent bursting during
freezing The contamer 1s kept at about minus 76° C, by means of carbon dioxide
snow untl tested It should be sent to the designated Iaboratory by the fastest pos-
sible method, preferably 1 a vacuum jar holding sohdified carbon dioxide 1f this
refrigerant 15 not available, the serum should be sent fluid, provided it can reach
1ts destmation within thirty-six hours

Al these precautions are necessary The freezing of serum to maintain ats anti-
body level and to standardize more than one sample for comparative tests from the
same source; and obtaiming clear, sterile serum to obviate a possible aggregation of
virus particles (and thus a nonspecific reduction in titer), which cloudy, fatty or
contammated serum may bring about, and again to standasdize more than one
sperimen {rom the same person,

The first specimen should be taken as soon as a neurotropic virus
infection is suspected, the sooner the better, If taken early enough in
infections with certain of the viruses, this sample wilt fail to neutralize
or to give a positive complement fixation reaction, and in such an instance
interpretation of a later positive 1s greatly facilitated, The next specimen
may be taken between the 15th and the 21st day A specimen taken 30,
preferably 60, days after onset is occasionally essential in the ser'ifs.

especially mn St Louis 1s and fs tic

C. Nreurratrzation Trsts

1. General discussion. In general principle, the neutralization test is
a method to demonstrate virus-inactivating substances contained in the
serum. When 2 certain quantity of virus is mixed with a “normal” serum
and the virus-containing mixture 1s found to be adequate to kill a lab-
oratory animal, yet when the same quantity of virus mixed with another
serum is given to a second ammal and death fails to occur, the last-
mentioned serum is said to neutralize the virus, In practice several graded
amounts of virus or serum are employed, and several animals are inocu-
lated with each mixture; thus crude quantitation is effected.

The neutralization test, in addition to being a diagnostic tool, may
show the result of mapparent infections, can be used in epidemuologic
surveys, and is used for the partial identification of newly isolated viruses
Although the serum of certain species of ammals contains nonspecific
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antiviral substances, so far as is known neutralization of these arthropod-
borne viruses by the serum of man, properly collected and handled, is
usually specific, resulting from expertence with the particular virus or
one antigenically related

The labile factor mentioned above which changes with storage or
increased temperature may be one of serious import when using serum
that has not been constantly frozen. Shipping 2 hquid serum durnng the
encephalitis season (hot summer) may result 1o a matked change in its
neutrahizing capacity 5 ¥ Storage of an acute phase serum for 3 or 4
weeks at $° C. may render 1t incomparable to a later fresh sample; that
is, for test by the ordinary comparatively simple method employing serial
dilutions of varus 3 6t Since the labile accessory substance 1s largely lost
by heating at 56° C for 30 minutes,**%® or dituted out between 1 5 and
1:10,8 routine 1nactivation®® or employment of senal serum dilutions
can be substituted ! Each of these, however, has 1ts disadvantages The
greatest of these is loss of sensitrvaty in detecting small amounts of anti-
body. Most laboratories do not routinely employ either of these methods

2, Ammals used and routes of injectson  These are essentially the
same as descnibed for virus 1solation on pages 173 to 174

3 Types of test,

a Classified as to whether serum or wirus is diluted.

(1) Undtluted serum with serial virus dilutions This is the most
commonly applied test, the least beset by techmcal difficulties, and the
eastest to standardize for comparative purposes It cannot, however, be
unreservedly approved for the following reasons

(2) Tt does not represent a true titration of serum antibodzes, and
results of quantitatve compansons do not always parallel
those obtained by sertal ditutions of serum 7

(b) For comparative titrations (essential for diagnosis in most
instances), 1t can be recommended only for use with frozen
sera or mactivated sera to which an “accessory substance”
has been added This may be furmished by adding fresh or
frozen normal human serum known to be deveid of specific
antibedy for the virus used 52

(2) Constant amount of virus with seral serum dilutions This test
has the advantages of giving a true serum titration, of requinng the least
amount of serum of any type of test, and of being applicable to unfrozen
sera (accessory factor diluted out), provided end points for all sera
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2,500 revolutions per mnute for twenty minutes Clear serum fs then prpetted s
preservative 1s needed 2 1 50,000 dilution of pheny! mercutte borate?339 can be
added {or £ 2,500 borate stock, 1 drop to each 1 cc of serumy, as an estimate) s
presesvative 13 added the label on the tube should andcate this The serum is placed
® 3 hard-glass ampule, whick 15 sealed, of a fest tube 1 used, 1t showd be closed
with 3 cork or tubber stopper and the top shauld be completely wazed A glas
contamer should be filled only 1o one-third its volume {o prevent bursting dunng
{reezng The contamner is kept at about minus 76° C by meany of carbon dionde
snow untl tested 1t should be sent to the designated Iaboratory by the fastest pos-
sible method, preferably a a vacoum 13t kolding sohdified carbon diczide Ef ths
reltigerant 15 not available, the serum should be sent flud, pravided 1t can reach
25 destimation withwn tharty-six hours,

All these precautions are necessary The freering of serum to matom iy anti-
body level 2nd to standardize moze than one sample for comparative tests from the
same squrce, and obtaning clear, sterile serum fo obviate 3 possible aggregation of
virus pacticles (and thus a nonspecific reduction 1 titer), which cloudy, fatty or
cantamnated serum may brmg about, and again to sfandardize more than one
specimen from the same person.

The first specimen should be taken as soon as a neurotropic virus
infection is suspected, the sooner the better. If taken early enough in
infections with certam of the viruses, ths sample will fail to neutralize
or to give a positive complement fixation reaction, and in such an instance
interpretation of 2 later posttive is greatly facalitated The next specimen
may be taken between the 15th and the 21st day. A specimen taken 30,
preferably €0, days after onset is occasionally essential in the series,
especually in St Louis encephahitis and Iymphocytic choriomeningitis

C. Nrurparwzarion Trstrs

L General dis¢ussion In general principle, the neutralization test is
a method to demonstrate virus-mactivating substances contamed in the
serum, When a certam quantity of virus 15 mixed with 2 “narmal” serum
and the virus-containing muxture & found to be adequate to kill a Iab-
oratory animal, yet when the same quantity of virus mixed with anather
serum is given to a second ammal and death fails to occur, the last-
mentioned serun 1s said to peutralize the virus. In practice several graded
amounts of virus or serum are emplayed, and several animals are inocu-
lated with each mixture; thus crude quantitation is effected.

The neutralization test, in addition to being a diagrostic tool, may
show the result of inapparent infections, can be used in epidemiclogic
surveys, and is used for the partial identification of newly isolated viruses.
Although the serum of certain species of animals contains nonspecific
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tnfuged at 2,000 to 3,000 r p m. for at least 30 munutes n the cold, or
at 3,000 r p m, for not more than 10 minutes at room temperature, and
the supernatant is then removed to another tube From this, about 0 8 ml
15 placed in each of a number of sterile 10 ml ampules By use of a
10ml syringe and a 2-inch needle the amount may be measured roughly
and placed readily in narrow-necked pharmaceutical ampules These are
then sealed, shell-frozen by agitation in 2 CO,-alcohol mixture, and
stored in a dry-ice chest

¢ Titration of virus At the same or different times, two or three
frozen ampules are titrated Each titration is made under exactly the
same conditions as the neutrahization test An adequate quantity of cold
diluting fluid, such as 10-per-cent-inactivated rabbit serum-saline, 1s first
prepared Since each ampule is titrated separately and in a manner
identical to the other, the description of only one 1s given, Into a set of
sterile tubes standing in an tce-water bath, diluting fluxd for a series of
nime 10-fold dilutions 15 pipetted accurately. When this has been accom-
plished, and not before, one ampule of frozen virus is rapidly thawed
by agitating 1n a 37° C water bath With a stenle volumetrsc pipette,
calibrated to dehiver 05 ml, this exact amount of virus (05 ml of a
0.5 X 10'-fold dilutton) * is delivered into the first tube, which should
already contam exactly 4 5 ml of diluting fluid The pipette is then
discarded This dilutton (05 X 10%fold) will finally represent a
10%-fold dilution of mouse bram after an equal amount of the serum to
be tested has been mixed with 1t With a sterile 1 0 ml pipette, the con-
tents of tube 1 are mised and 1.0 ml delivered nto 90 ml of diluting
flid m the next tube The pipette is discarded In a similar fashion all
ditutions through the 05 X 10%-fold are prepared Next, six cork-
stoppered, short, wide-mouth tubes (from which syringes with 34-mnch
or V4-inch, 26-gauge needles can be easily filled) are selected for serum-
virus muxtures To each, then, is added 02 ml of normal inactivated
rabbit serum Then 02 ml of the 03 X 10°-fold dilution 15 placed in
the first tube, 0 2 m! of the 0§ X 10°%-fold dilutien into the second, and
5o on through 0 5 X 10 A separate pipette 15 used for each dilution
The final virus dilutions are now 10% through 10%-fold These stoppered
tubes are then shaken gently for mixing and placed 1 2 37° C water
bath for exactly 2 hours, then transferred to an ice-water bath, Six mice

* To avord the complenity of reciprocals 1 expressing dilutions, so far as Is practical,
all dilutions will be stated as so many “fold ” Thus 2 10 dilution hecomes & 10°-fold
difution anda 2 X 10~ dilubion is & 0 § X 10%-fold dilution (202)
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to be compared are greater than the 1:10 serum dilution. Tt possesses the
following serious disadvantages, however:

{(a) Since only one virus dilation is employed, it is technically
difficult to work within the narrow range required. The amount
of virus used must not be excessive or inadequate,

{b) The end points of titrations are ltkely to be more drawn out
ang rregular than those with undiluted serum.?

(c) The test is not readily subject to standardization for reference
to any constant or index such as the neutralization index.

{d) This test has been less frequently used and less is known about
its variables.

b Classified as to route of inoculation

(1) I i test The y route of inoculation for both
methods given above is the infracerebral one, This procedure may faid to
demonstrate a rise in antibody between two sera of low or moderate
titer when a canspicuous difference can be shown by the intraperitoneal
route.s.% It is, however, the only practical test for most labaratories,
because mice which are weaned can be employed, and small age differ-
ences in the mice are irrelevant

{2} Intraperitoneal test. As descnbed above, this test has great
advantages with certain sera of relatively low titer not afforded by the
intracerebral method.®® Contrary to general beliet, however, we have not
found it more sensitive for detecting specific protection at a very low or

q 1 Jevel.#2 Although iated with d jn regard toa
suitable supply of infaut mice, which most persons consider insuperable,
actually it is an extremely useful modtfication whick must be used occa-
stonally in every laboratory.

4. Technics

a. Selection of virus strain Certain vitus strains give higher peutrali-
zation indexes than others A strain should be selected which has this
capacity, especially for the St. Louis viruses,® which all give relatively
Jow neutrahization indexes.

b. F ion of virus, Approvi y 10 inoculated mice are sac-
rificed after many or all show signs of mfecnon The brains are removed
aseptically and are ground in a sterile mortar with abrasive in cold,
50-per-cent-inacti 1 rabbit ser line or whole-rabbit serum in-
activated at 56° C. for 30 minutes. This diluting fluid is added 1 such
quantity as to make a 20 per cent suspension, The suspension is ten~
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TABLE 4
TIRATION OF THE LD Viaus DIUTION 10 THE PRsssnce o7 4 PaTent's Surus
AND oF 175 ConTroL (FOR CALCULATION OF LDy stz Taste 5)

Final dilution of]
s T O O TR T TE Py Ty e e

Dilution
numbet 6 s 3 3 7 1 -1 -2 -3

Control rabbit
o - - - - ~ o/t ] 4/6 | 1/6 | 0/6

Patient’s
serum

make the Brst dituvion of the senes, the decimal v the exponent of the dilution does aot
further comphicate the caleulation of the LDy ot the neutralization

© numerator indicates the Dumber of mice dead the demominator, the number
noculated,

every test All tubes arc incubated 2 hours at 37° C, chilled, and mocu-
lated, using 4 mice for each unknown serum-virus mixture and 6 for each
of the control dilutions If the control titration indicates that the dilu-
tions were properly made, any serum protecting at least 3 or 4 mice
(out of 4) 1n ditution 1 is constdered tentatively as positive and sched-
uled for titration with the eatrlier serum or sera from the same patient.
It too little virus has been used, as observed by the control titration,
dilution 2 can possibly be considered sigmficant If too much virus was
used, only occasionally would a significant positive be missed if up toa
5- or 10-fold increase over the expected was employed. Nevertheless,
under these citcumstances, the test 1s repeated with those sera giving
suspicious results (one or more mice protected),
e Comparative titrations of serum

(1) With serial dilutions of virus. If the titration is to be made
using the more common method, ser1al dilutions of virus with undiluted
frozen serum, the following technic is used. No change m procedure is
necessary if all sera are mactnated at 56° C.% or jf one chooses to dilute
all sera with equal amounts of fresh or frozen antibody-free human serum
to replace accessory substance which may have been lost 32
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are inoculated per serum-virus mixture This is done under light ether
anesthesia, 0,03 ml. in each, by the intracerebral route No antiseptic
should be used on the mouse’s head These mice are observed for an
arbitrary number of days, depending on the incubation period and the
pattern of deaths of the particular virus and mouse strain used, Ten
days is usually an adequate period of time to observe practically all
deaths that will occur from an intracerebral inoculation of a properly
adapted virus m 3- to 4-week-old mice if a suitable, umformly susceptible
strain Deaths are recorded daily All dying mn a period less than that
of the minimal incubatton period (determimed by experience for each
virus) are discounted as dying from extraneous causes. The LDsq (50
per cent mortahty end point) is computed by the method of Reed and
Muench®® (see Table 5) The results of the tests on the three ampules
are combined before calculating the LDso or, after calculating each
separately, the results are ged. g this preliminary titration
with a “normal” serum to determme the LDy, all unknown sera can be
tested with a mmimal number of dilutions

d. Screen test If series of sera are to be tested from several patients,
it is usually ad from the dpoint of economy, to test first
only the final sérum from each patient to determine whether antibodies
are present or absent If absent, 1t 1s unnecessary to test the earlier sera
If antibody 15 apparently present, this will be confirmed by a titration
including this and all earlier sera Thus, the results of 2 comparative
titration are obtained

In general, for the screen test, two dilutions of virus are used, but
the dilutions selected differ in various laboratortes Since in some virus
infections antibodies are slow to form, and, in some individuals do not
oceur in high titer at any time, it is now lhe practice in this laboratory
to use two 10-fold dilutions, the higher dilution contaming 10 to 25
LD 3. Dilutions are made in an identical manner to those used previ-
ously in the virus titration, except that the dilutions are started 1m such
fashion that one (which will be called dilution 1) will represent between
10and 25 LDz In this labcralory, for pramcal purposes we name the
dilutions below 1 (mor: * f e 22
4, etc., and those above 1 » .
—2,and -3 (see Table<, I.* 1 . 1 .
are used with each unLnown serum for the screen test. At the same nme.
dilutions 1,1, -2, and 3 are added to an equal amount of normal rab-
bit serum for Lhe control virus titration A control titratton is made with
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PATIENTS' SERUM
Accumulated Tables
Num- Num-
Dilu- | ber | Num- | ber Propor-
Dilution | tion jInocu-| ber | Sur- Sur- | tionate | Per Cent
of Vius | No | lated | Desd | vived | Died | vived | Mortahty | Mortahity
10784 4 6 | s, ) 2 0 12/12 | 100
1044 3 6 | 8 1 [ 1 6/1 36(B)
1054 2 6 1 H 1 6 17 15(8)
1074 1 6 (o 6 [+ 0/12 [}
(1) 50-14_36_
%oiim7i- S ©
@ 54(A)
- 5(C

Patient’s serum LDyo=49
To compute newtralization sndex
LDgs in control serum 78
LDso 1n pabent's serum 4 9
Log of neutralization index
Neutrahzation index {antilog of 2 9) =800
Caleulation to Determine Number of LDsa " Dllutwn 1 (108 A—fold 1 thes sest)
LDy 10 control serum
Logia dlution 1 b 4
Log of difference
Number of LD, 1n dilution 1 (antilog of 14)=25
Since dxluuonl;l:ls calculated to fall between 10 and 25 LD,q, this titration was

performed within a satisfactory range (25 LDso used) Dilution 2 on the basis of
this calculation was 250 LD

of the end-pownt dilution Thus, if the LDy dilution in the presence of a
normal control serum 15 10°7%, the loganthmic expression of the LDy,
1578%

‘The peutralization index of each serum (except those fathing to pro-

tect agamst dilution 1) 15 obtained by subtracting 1ts LD, from that
of the control and converting the difference to its antilog (Table §). Thus,

1t Is customanly assumed that tus 15 a loganthmic expression and, simply stated

]
. . “
contamed 10 the LDy, dilution
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Serial dilutwns are prepared as for the screen test or, in practice,
the same set of dilutions is used, and some sera are set up far the screen
test at the same time that the previously selected “positives” are titrated
with thew earlier paired serum or series of sera The number of dilutsons
ta be used for each serum is one to be determined by judgment. Every
serum 15 tested against dilutions 1, 2, and 3 at least, and late sera may
be tested against one or more lower dilutions, particitarly if the equine
viruses are being used, Not less than 6 mice should be used for ach
dilution in the titrations if significant compansons are to be made,
though one may use 4 mice per didution if S-fold virus dilutions are

employed, The LDy, virus dilution for each series of serum-vivus mix-
tures 2nd also that of the controf are computed to t dectmal point (Table
5). The loganithmic LDy, is expressed as the exponent of the reciprocal

TABLE 5
Carcuration of 752 LD, DRuTion axp 78e NEUTRALIZATION TNDER OF A
Parmmr's Seuac (rrone Trrmation v TARE 4)

CONTROL SERUM

Accumulated Tables

Num- Num-
Ditu- | ber | Num-|{ ber Propos-

Didution | twon § Inocy- r | Sur- Sur- | tionate | Per Cent
of Vairus | No lated | Dead | vived | Died | vived | Mortabty | Mortality

w0t 1 6 6, ° 11 0 1/11 100
10714 ~1 & 4 2 5 2 57 7 éﬁ;
wres -2 [ 1 5 1 7 18 12
034 ~3 8 4] & o 13 0/13 e

Compute as follows-

£1) S0%—~ mottality of frst dilutson wath <509 mortality (A)
% martality of rst dilution with >50%; mortality (B) — %, mortahty n (A)

=~ Factor of proportionate cistance (C}
5012
T~ O

1 reciprocal of st dilution with <$0% mortalty, (A)
O s Broportiomats duatanee b TC3¥tog of dilgtion ey "
W) Rt
Canteol Serum LDo=7 8
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75 LDg,) is employed except for the control titration with normal un-
diluted rabbit serum. This control series must extend from dilution 1
through -3,

The LDy, m each serum 15 computed again by the method of Reed
and Muench, now on the basis of serum dilutions It must be recalled
when malung the calculations that the loganthm of the diution factor
for a S-fold dilution ts 7, not 1, which was used in 10-fold dilutions (see
computation (2) wn upper part of Table 5) This measure has no abso-
Tute value as it had 1 the previously described test for it depends en-
tirely on the amount of virus present mn the test dose However, two
sera {rom the same patient tested ly are readily
Comparison 15 espressed as the anithmetic quotient of the reciprocals
of two LDy, For example, 1f the LDy m the first serum is 1 25 and
that m the second 15 1 625, there 15 a 25-fold increase If that of the
first is 1+10 and that of the convalescent specimen 1-32, the apparent
changes 3 2-fold

(3) Intraperitoneal test For f this test
it is recommended that the technic of Olitsky and Hatford*® or that of
Lennette and Koprowski‘™ be employed However, mcubation of the
serum-virus mixture for 2 hours at 37° C prior to ineculation will in-
crease the sensitivity of the test 32 This type of test 15 preferred by cer-
tain wotkers® for the diagnosis of St Lous virus infections since anti~
bedy rises are frequently difficult to demonstrate by the intracerebral
test Eather serial dilutions of serum or virus may be used, and calcutas
tions are made 1n the same manner as described for the intracerebral
tests

S Interpretaton Because of antigenic differences in strains of the same surus,
of marked differences tn degree of response and bine o development of antibadies
with different viruses, and of the lability of antibody under certain storage cond:-
ti0m5, 1t 13 1mpossible ta set lower Limits for a siguificant positive response In a
St Lows mfection, a neutrahzation ndex of 20 (b intracerebral test) fn a 20-day
serum, Gsig One stram of virss, mught be bighly sigmbcant of the test Tesult §s
adequately confirmed by repeat tests On the other hand, a peutralization mdex of
20 10 another patient (Western equine 1nfection), With at least one stramn of West-
era equine virus, in a serym taken 20 days after onset would usually be considered
3 of 10 agmifcance The interpretatin of a change betwern an seate phase an8 2
convalescent serum cannot be made fram 3 fahta an b o

malters of temperature and time of storage of scra, and an understanding of the
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if the computed LDy, dilution in the control is 10-7% (LDy, is 7 8) and
that in the unknown serum 107 ? (LD, 15 4.9), their respective difference
is 29 and the antilog or neutralization index 800 If the contro! LD;,
is 79 and that of the unknown 7.4, the difference by subtraction is 0.5,
the antilog of which (neutralization index) is 3.2 Table 4 gives an ex-
ample of the titration of a serum and its control, Table 5 the calculation
of the LDy, dilution and the neutralization index. Calculation of the
number of LDgo doses actually occurring in dilution 1 in this expen-
ment is also included. This amount 1s essential to know, in case sera
were mcluded for the screen test It will be observed that the test results
(dilution 1) were within the required limits (10-25 LDgo). In experi-
enced hands, the range of variation is usually well under 10-fold (one
log).

Dafferences of less than 10-fold in the neutralization index between
two sera are usually not considered to be significant although differences
of 5-fold are frequently repeatable in experienced hands and may have
significance

(2) With serial dilution of sera If this method is selected there is
no change n the manner of handling the frozen virus, and the same
method of prelmmary titration and titration of the control serum is
employed,

Sera are set up in 5-fold dilutions, and a constant amount of virus
15 added to each serum dilution All serum-virus mixtures are incubated
at 37° C for 1 hour before inotulation Two hours of incubation 1s not
recommended when high dilutions of serum are employed The calcula-
tions of the LDso are made on the basis of serum dilutions

It is usually advisable to employ about 4 serum dilutions with an
acute phase serum, and 6 with a convalescent The number of days after
onset when the serum was collected and the wsual time for antibodies
to form with the virus in question should be considered as factors in-
fluencing choice of dilutions For dilutions of each serum, wide-mouth
short tubes are selected, In each of the first two of a series is placed
0.2 m! of the serum to be tested To each but the first is added 0 8 ml
of a 10 per cent serum-saline diluting fluid After mixing the contents
of the second tube, 02 ml is transferred to the third, etc , in series, and
0.2 is finally discarded from the last. Virus is added to these same tubes;
0 2 to the tube of undiluted serum and 0 § to all others In this manrer,
a minimurn of serum and glassware is required Varus dilutions are pre-
pared as 1n the other test. Only one dilution (preferably between 125 and
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antigens may be prepared from infected gunea pig spleen’ or {rom the
chortoallantoic membrane of infected chick embryos 3 With some of
the encephalitic viruses, especially Western equine™™* and Murray Val-
ley,? membranes or flmds from infected chick embryos have been found
satisfactory, The embryo itself is not a satisfactory source of antigen
since 1t occastonally reacts with normal human sera  Antigens prepared
with membranes or fluids have the advantage of being easier and safer to
prepare  No satisfactory antigen has been prepared for St. Louis or
Japanese B viruses from egg membranes or flwds of chick embryos
Therefore, since controls of each type of tissue used for antigen prepara-
tion must be 1ncluded 1n each test, the advantages of using a smgle type

TABLE 6
Averace Husan IatsuNozocic Ptrean v Creram Virus Inrzcrions
- Weeks after Onset s
e
Virus T ot | 12 23 34 | 7-8 | 15716 | 3 Jyrs
et | 3% Tl | | PAVE pre vy
Wester equune CcF 0 * +| 4 444 ++ |0
Neut 0 ES +] + ++] +4+ +4 | +
St.Lows CF + F A A st A 2
Newt |+ P I e e s
Japaness B CF + S ]| ]| A e+ 7
Lymphocytic Newt| o [ + ® + 44| +
chonomeningitis | CF Q + ++ ++ ++ ++| &

of tissue are eassly recognized, provided there is not a loss in sensitwvity
i the test

In general, the complement fixation test made for the purpose of
diagnosis should include several different antigens, since it 1s not possible
to differentiate the etiologic type of encephalitis on a clinica] basis,
It 15 both customary and advisable to test a serum against 3 to 6
antigens This will not only improve the hkelhhood of determining the
specific causative agent, but the additional antigens will serve as controls
Unfortunately, at this time, the geographic distnbution of many of
these agents is still unknown, so that one cannot rely on a knowledge of
the agents recognized to be active in an area  On specimens originating
m the United States, 1t 1s practical to include antigens to Western equine,
Eastern equine, St Lows, lymphocytic choromenmngitis, mumps, and
pohiomyelitis,

Sera for this test must be collected using the same precautions as



192 DIAGNOSTIC PROCEDURES

usual and extremes of human immunclogic response to the virus infection 1 ques-
tion Several of these infections have distinctly individual immunologic patterns so
that no generalization is permissible Table 6 will give some helpful comparative data
on four of these viruses The complement fixation respense 1s included in the same
table Personal expenence provides reasonable assurance of the general accuracy of
the pattern only with the Western equine, Japanese B, and St Louis viruses The
pattern of it 15 based largely on the terature
The Eastern equine virus probably behaves much like the Western so far as the
neutralization test 1s concerned

One fact must be emphasized in interpretation In infections with the four
viruses listed 1n Table 6 at least, no significance can be plated on any positive peu-
tralzation result with a single convalescent serum Mild missed cases are known te
oceur and in certamn a of normal
residents have antibodies to one or several of these viruses 52 A definite rise in L\}er
between two suitably spaced sera must be obtaned, and the sigmficance of the tise
must be evaluated on the basis of several facts, including the time of onset, day of
collection of seta, and temperature of storage of the serum at all times These dats
Tmust be available to the laboratory director if he 15 to mterpret the results of the
tests If the physician attempts to nterpret the tests, he must have as thorough
an und of the y and behavior of the anmals snd
virus strains as the laboratory director,

A negative neutralization test result probably has more clear-cub diagnoste
sigmificance than any other test result, at least when as hittle as 10 or 2§ LDy of
virus 15 used (see Table 6) and the serum 1s taken 2 months or more after the onset
of aliness Individual cases are on record where neutralizing antibodses have appar-
ently failed to develop, but 1n most instances a negative result by this one test has
unchallenged signtficance no infection

Of inestimable value in interpretation, i many instances, are the additional
results of the fixation and nhibstion tests performed
on the same sera I there 15 any doubt, several tests should be performed

D. Comprement Frxation TEsT

L. General discussion With the recent advances made in prepara-
tiom of antigen and in test technics, and with accumulated experience by
extensive use in several laboratories, the complement fixation test has
become 2 very useful diagnostic aid for this group of discases ™ A more
clear-cut diagnosis can be made in the majonty of cases of disease
caused by several common members of this group than by the neutraliza-
tion test. For a few, an earlier diagnosts frequently can be made (Table
6).
) The chief problem in complement fixation is to obtain a satisfactory
antigen. It is now possible to prepare relatively stable, sensitive an.tigens
from infected mouse brains by extraction of the material with lipid sol-
vents to remove substances which formerly caused undesira?le nan-
specific reactions .12 For phocytic chori ingitis, sa Yy
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the time required to prepare the ant:gen and of requiring only ordinary
laboratoty equipment for its preparation These antigens appear to be
nonanticomplementary, specific, and reliable  Several workers have
found this a satisfactory method for the preparation of antigen™ Tt
must be emphasized that by either this method or the benzene method,
hughly infectious, active virus particles may be present immedately after
preparation since no procedure for virus mactivation has been employed
It may be possible to mactivate with ultraviolet light,” but thus is not
done routinely for either of these methods Use of live antigens const1-
tutes a real hazard, however Since our greatest experience has been
with benzene extraction, the currently used modification of the method
desctibed by Espafia and Hammeon 15 given 7%

Muce are moculated intracerebrally with a 10-2 or 103 dilution of virus The
mice, when most are monbund, are anesthetized, bled to death, and the brawns re-
moved The brains are then ground 1n a Waring blendor i pyrogen-free, fractionally
distilled water to make a 20 per cent suspension This is done under a hood, protected
with ultraviolet Light Twenty-five to 50 ml amounts are transferred to 250 ml
Pyrex bottles, when 1t 15 considered safc to open the blendor, rapidly shell-frozen,
and lyophilized overmght n a speciallv constructed apparatus with a Megavac
pump and no exhaust apertures less than 35-inch 1o diameter The next stages are
dangerous and should be carred out under a hood i g closed system The dried
tissue is then extracted with benzene for 1 hour at room temperature by adding to
the 250 ml bottle 1 volume of benzene equivalent to twice the ongisal agueous
suspension Thus 15 stoppered and shaken several imes during the hour The matenal
15 poured 1nto a Gooch cruable filter (sintered glass of porosty M) fitted to z
iter flask and the benzene rapidly removed by vacuum The filter 15 covered with
a petri dish Two further benzene extractions are performed n the same filter,
allowing 30 munutes at room temperature each time before applying vacuum The
maternal 1s stirred while cavered with benzene and more henzene added 1f necessary
After the last extraction, while still under vacuum, the cake 15 carefully brolen up
with a spatula The remaining solvent 3s removed by plaaing the entire filter {petry
dish over top of filter) m a desiccator and by applying vacuum for about 30 mun-
utes The dry powder 15 next transferred to a mortar (This operation 1s very dan-
gerous, since the dry powder 1s bighly mfectious ) A few m! of saline are ndded to
the dry powder, the powder allowed to absorb the saline, and @ smooth paste pre-
pared Funally 1t 1s resuspended to the ongmnal volume i buffered saline, pH 7.38,
transferred to a flask, stoppered, and rehydration permutted to continue overmght
at 5* C Jtis next centnfuged for 1 hour at 10,000 rpm at 0° C The supernatant
is removed, and merthiolate 15 added to a final ditution of 1 10000 It 15 stored 1n
rubber-stoppered vaceine bottles at 5° C This antigen 15 veady for immediate use
Antigens prepared and stored 1n this way have remamned satisfactory for at least 1
ytar When it 15 desired to ship these anbigens, the dry powder obtamed after
benzene extraction may be suspended in distilled water, centrifuged, and the super-
natant lyophitized The Ivophilized matersal, powder form, goes readily Into solution
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for the neutralization test, It is advisable to have two or more serum
specimens, collected at intervals of 10 or more days, stored under ideal
conditions and tested simultaneously

Since the time of and wane of ! fixing anti-
bodies is frequently entirely different from that of neutralizing antibodies
(see Table 6), these two tests may show some interesting dufferences in
results which, when understood, are of great practical value. In general,
complement-fixing antibodies in this group of infections disappear ot
drop to a very low level by 1 to 2 years after the infection while neu-
tralizing antibodies remain elevated Therefore, the presence of one
type of antibody in the absence of the other may have considersble
significance in epidemologic or diagnostic studies. If, for example,
only one serum, taken on the 12th to 20th day, was available in a case
of St Lowss infection, the confirmed presence of complement-fixing anti-
body without neutrahzing antibody would probably mean a very recent
infection with St. Louis virus or one antigemcally related to it. Con-
versely, the presence of neutralizing antibody in the absence of com-
plement-fixing antibody in this serum would indicate experience with
this virus one or more years before, but not currently.

For many of these viruses, it is now possible to obtain antigens and
control hyperimmune serum from commercial companies. If these re-
agents prove satisfactory the problem of the diagnostic laboratory is
greatly simplified For those who desire or who must make their own
antigens the following technic is recommended

2. Preparation of antigens. Antigens for most of these viruses aré
prepared by extraction with Iipid solvents, using either Iyophilized ma-
terzal ™ or an aqueous 72 This lipid jon has eliminated
much of the p and anti y effects moted with
antigens prepared by other methods, Benzene extraction of antigens
was introduced by DeBoer and Cox.” Extraction removed much of the
fraction which reacted with Wassermann positive sera and also lowered
the infectious titer. More recently certain modifications of their methods
have been developed by Espafia and Hammon 7 These simplfy the
procedure, shorten by several days the time required for preparation of
the benzene-extracted antigen, and result In an antigen with very high
titer and greater sensitivity. When used in optimal dilutions they are
both more sensitive and more specific than the unextracted antigens.
Sl more recently, Casals developed a method of acetone-ether extrac-
tion ™ This method has the advantage of shortenino ta less than 2 day
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For rapid tentative identification of freshly isolated strains of the
arthropod-borne encephalitis viruses, it has been found helpful to prepare
a complement-fiving antigen with the new 1solate and test 1t against known
hyperimmune sera  For this purpose, 1t 15 not necessary to extract the
tissue with hpid solvents Instead, the following method, a modifica-
tion of that by Havens and his coworkers,’™ has been found satisfactory.
Miyce, at least 3 to 5, monbund after moculation with the unknown
virus, are bled out The brains are removed and ground n a Waring
blendor or mortar A 10 per cent brain suspension 1s prepared in a 2
per cent guinea pig serum (mactivated at 56° C for 30 minutes)-satine,
The suspension is centrifuged for 1 hour at 16,000 rpm at 0° C, The
supernatant is the antigen and 1s used undiluted It may be used on
the same day prepared A control antigen 1s prepared at the same time
by the same method from normal mouse brains and s included in the
test In many cases, a new virus, tested in this way, may be tentatively
wdentified sooner than would be possible by mouse neutrahzation tests,
Some newly 1solated viruses do not make satisfactory antigens, however,
and other methods of 1dentification must be used (See section 11,7 )

3 Preparation of control hypertmmune sera Casals’? recommends
the following method of preparing mouse sera

(1) Ammals are immumzed with homologous tissue 1 order to prevent the
formation of organ- and species specific antibodies (2) the nonspecific tissue re-
action 15 elimuinated by a) centrifuging antigens at sufficiently high speed so as to
sedument all or most of the tissue component (Havens et ol 1) or b) inactivating
the sera at 60 to 65" C, according to species, thus destroving the thermolabile serum
substance while hardly affecting the specific virus antibody 65

The 1mmunization of ammals can be carned out by means of 2 intraabdominal
njections of a 10 per cent formolized brain suspension, followed within 10 days by
an mtraabdominal mjection of active virus 1n dilution of 10-2, repeated every 4 or
$ days Within 4 to 6 weehs most animals develop a bigh-titer serum, which can be
mamtained by subsequent injections

Guinea prg or hamster sera are used 1n this laboratory ™ Fermalinized
homologous bramn tissue 1s used as inoculum for the equine viruses For
the others, two intracerebral inoculations of hamster brain virus result in
high titer sera. These sera must be kept frozen, otherwise the titer falls
rather rapidly

4 Tecknic of test Two technics will be described for the com-
plement fixation test. The first 15 the Espafia and Hammon modifica-
tion of that described by Casals™ The quantity of each reagent used
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and requires no centnfugation prior to use, The titer 1a the same as befors Jyophili-
zaton

Antigens prepared thus usually have a titer of 32 to 64 units With
kyperimmune sera, bighest serum titers are obtained using the antigen
ina 1:16 to 1 32 dilution (2 ar 4 units), but for kuman sera of lower
titer the optimat dilution of antigen appears to be from 1:4 to 1:8 (8 or
16 units). Greater excess of antigen tends to inhibit the reaction, As
demonstrated by DeBoer and Cox,’* these extracted antigens do pot
give a nonspecific reaction with Wassermann positive sera which have
been inactwvated at only 60° C,

Antigens are not inactivated i this laboratory although the freshly
prepated antigens may be quite infectious, titering only 3 to 4 logs less
than the original virus suspension, This infectivity is gradually Jost,
however, after continued storage at 5° C.

For preparation of lymphocyuc choriomeningitis antigens from
guinea pig spleens, the priginal procedure described by Smadel et of ™
is satisfactory: “The antigen is most readily obtanable from spleen
(of acutely il guinea pigs) and least {rom brain, splenic suspension
containing 1 part (dry weight) in 6,000 gives complete fixation. Ten
minutes 0 a concentration centrifuge (Bauer and Pickels) at 20000
rpm and the supernatant fluid s filtered through a Seitz pad. Such
preparations of spleen are not anticomplementary after storage, the
contarmed aotigen is Tittle affected by storage at 32 C for 6 months, by
heating at 56° C for ¥4 hour, by variations in pH range from 4.5 to 9
or by dialysis.” Antigens freshly prepared from guinea pig spleens react
nonspecifically with a number of human sera This nonspecific factor
is lost after storage for several weeks. For the past 5 years Smadel
(petsonal ication™) has c d and partially purified
the splenic antigen m the following manner. “After high-speed centsif-
ugation and Seitz filtration the solution is brought to pH 4.8-5.0 with
N/10 HCl and the resultant floceulant precipitate removed by horizon-
tal centrifugation and discarded The solutien is promptly readjusted
to pH 7 0 and placed in & viscose tube in front of a fan at room tempera-
ture unith concentrated by perevaporation to one-fousth the ariginal
volume, Such preparations generally have titers of 1/128. Sufficient
antigen to last for sevesal years is usually prepared at one time and
stored m 5-10 c¢. amounts at —20° C, or in the Jyophilized state Por-
tions of this stock which are employed for current testing may be
stored at 5° C. for several months.”
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according to the method of Mayer, Osler, Bier, and Heidelberger®$ as follows:
Stock Dusolve $75 gms of § S-ciethyl barbitunc acd (barbital) in 500 m! hot
demmeralired (or glass) distilled water Add 375 gms Na-§ S-diethyl barbituric
acid (Na barbital) and 85 gms NaCl Make up to 2,000 ml with demunerabized (or
glass) distilled water Add 168 gms MgCly 6H,0 and 028 gms CaCl, Autoclave
at 15 1b /sq 1n for 20 munutes Final pH 7.2 Store at 4° C
For use, dilute the stock 1/ with demuneralized (or glass) dustlled water
(5) Sera The sera to be tested are mactivated for 20 minutes 1 a 1 4 dilution
a1 60° C for human or mouse, 62° C for bamster, or 56° C for gumnea pig 1f antu-
complementary, it 1s somefimes possible to elminate this by mactivation at §3° C
for 20 mmutes or by inactivating on 2 suctessive days at 60° C If this treatment
15 madequate the serum 1s unsuitable for use The tests are set up as serum titrations
Sertes of 2-fold serum dilutions are prepared for each antigen used in the test,
(6) The test All reagents are held m an 1ce-water bath while the test 15 beng
set up The reagents are mxed m the follawing order 02 ml serum dilution, 02
ml (2 umts) complement, and 02 ml antigen at the “optumal” diution as deter
mined previously by a “box titration” 1n the presence of homologous hyperimmune
serum These racxtures are mncubated in the refnigerator (2—4° € ) for 16 to 18 hours83
and then put in a water bath at 37° C for one-half hour Next, the sensitized cells
(prepared the previous day and held 1n the vefngerator until the test was removed
and then held at room temperature) are added m 04 m! amounts to each tube The
tubes are incubated then for one-half hour at 37° C and read Appropriate controls
for each reagent are included with each test
b Plate method
1) Equpment
() Plates Plastic plates ruled in 34-inch squares 14 across and 12 down were
made to £t mto large enamel refrigerator pans Plates are cleaned by mmersion 1
a weak (02%) hydrochlonic acid solution for several hours The surface is then
Cleaned with 2 msld detergent (for example, Dreft), using 2 sponge to rub the sur-
face, and then rmsed well first under runnung, cold tap water, followed by running
dustilled water They are ait-dried at room temperature It 1s 1mportant not to rub
the dry shects with a cloth because they easdly become electrically charged, thus drag-
ging the drops off the end of the pipette by the electrostatic attraction before they
have gronn to the size expected under the pull of gravity alone 8
(b) Rachs for plates In this laboratory air-tight contamers were made from
refngerator pans by covenng the pans with parafilm and sealing any operungs with
adbesive tape One pan 15 kept in the refngerator and one in tbe 37° C incubator
A layer of moistened absorbent cotton is placed 1 the bottom of each pan Large
rabber stappers (at least $§ mch Jong) placed at each corner are nsed to support the
plates Three plates stached each abave the other and separated by rubber stoppers
wll fit into one pan
(c) Dropping papettes The dropping pipettes are made, using 19-gauge needles
cut off straight and attached to glass “observation” tubes (used ordinanly to con-
mect an intravenous ncedle to rubber tubag) A 10 ml rubber bulb fitted to the
other end of the “observation” tube 1s used to aspirate the reagent and to deliver the
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15 02 ml, and the final volume in each tube is 1 0 ml. The second is
modification of the drop or plate method of Fulton and Dumbell *
This latter method has been adapted by Svedmyr, Enders, and Holloway
to the poliomyeltis viruses ® and by Kraft and Melnick to the Coxsackie
viruses,®? and has been found satisfactory in this laboratory for the
encephalitis viruses 2 It has the distinct advantage that the quantities
of reagent required are minimal sice the final volume is 0 10 ml, thus
resulting in a great saving of both serum and antigen

a  Test tube method

1) Hemolysin The unit of bemolysm used 1n this test js 0 2 ml of the highest
dilution of antisheep rabbit serum giving complete hemolysis of 02 ml of a 7 per
cent suspension of washed, packed sheep cells in the presence of 02 ml of 130
dilution of complement after incabation 2t 37° C for 30 minutes

(2) Hemolytic system Sheep blood is collected asepticallv and either treated
with eitrate or with an equal quantity of Alsever's solution$3 and stored in the
1cebox The amount required for the test 1s removed with a sterile pipette, and the
red cells washed three times with saline After the last washing, cells are measured,
and a 2 per cent suspension made Equal volumes of this cell suspension and a difu-
tion of hemolysm contamning 2 umits 1 02 ml constitutes the hemolytic system
‘This 15 mixed thoroughly and held at room temperature for 15 mnutes before Use
1n the test A portion of this same sensitized cell suspension, held overmght at 57 Ca
may be used to complete the test on the following day

3 ¢ Eatker obtaed from a commercial
source (if the titer 1s at least 1/30) or irozen, ampuled guinea pig sera, representing
a poot of from 10-15 gumea pigs may be used A prelmmnary titration of the com-
plement 13 made 1 saline and also 1 the presence of each antigen Table 7 will serve

TABLE 7
CompreMENT TirraTION TUBE MeTHOD

1/30 Antigen Sensitized
Tube | Comp Saline or Saline Cells Final
No ml ml ml Incubation al Incubation
1 003 0.35 020 |31°C 1mr 040 37°C
2 0 08 032 0 2¢ 040 30 min
3 010 0 30 020 040
4 012 028 020 0 40
5 014 026 020 040

as a gmde for the complement titration The complercent untt 1 the highest dilution
ewing complete hemolysis Two units 1 02 ml are used n the test proper At
the same time this preliminary tittation 15 made, a duphcate titration of comple-
ment with antigen 15 set up and incubated mn the refrigerator clong with the test

oper.
P p:t) Sahne Vesomal buffer, p5 72, 1 used 25 the dduent This 15 prepared
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placed immedately m the pan which has been previously chilled, covered with para-
film, and placed 1n the refngerator They are held for 16 to 18 hours, then removed
from the refngerator and from the pan Water of condensation, if present, is allowed
to evaporate (15 minutes at room temperature) and 2 drops of sensitized cells (40
mm$) added The plates are then mcubated 1 hour at 37° C 1 a second aur-tight
contamer, then removed from the incubator, water of condensation (if any) allowed
to evaporate, and read

The test 15 read by placing the sheet on a white background with a strong over-
head hght Where the cells bave not been hemolyzed they collect m a central dot
The end point 15 taken as that square which by inspection shows approsimately half
the cells hemolyzed (2 +) If the cells are not confined to the central dot, it has
been found that gentle tapping of the plate or twisting the plate 1 a shght rotary
motion will clanfy the pattern Also, as the plate stands, the pattern wall become
tmore pronounced Placing plates in the refrigerator for 15 to 20 munutes also aids 1
pattern formation

S. Interpretotion, For diagnostic purposes it 1s necessary to test si-
multaneousty two or more senal bleedings on a person  In the majonty
of cases, a sigmificant nse in titer will be demonstrated In general, a
4-fold nse 15 considered sigmficant When interpreting the results it is
necessary to consider both the time of collection with respect to the
illness and the interval between collections, The tune and degree of
rise will usually be in rough accordance with that shown in Table 6 If
possible, it 1s advisable to perform both the complement fixation and
the neutralization test since, in some mstances, a rise i titer may be
demonstrated with one test and not with the other
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drops The pipettes are each carefully tested, and only those needles delivering 20
mm 3 (002 wl or 50 drops/ml) are used.

(2) Saline. Veronal buffer as descnibed for tube test

{3) Sensitized sheep cells, Sheep cells are prepared in essentially the same
manner as for the tube test except that the final concentration 1s 04 per cent

‘The hemolys titration is performed n test tubes, using 0.2 ml. quantities of
each reagent, 1n the same manner as for the tube test except that 04 per cent sheep
cells are used The bigbest diution showng crystal-clear hemolysis is used as the
end pomt and represents 1 umt of hemolysin

‘The sensitized cell suspension 1s prepared on the Ist day of the test by sdding
an equal quantity of a dilution of hemolysin representing 4 units to the 04 per cent
cell and handled as described is allowed to pro-
ceed for 30 minutes at 37° C and the flask 15 then placed in the refrigerator, ready for
use the next day Just prior to use it 15 warmed to room temperature

(4) Compl A uitration should be donme once
with each new lot of to dets the range of reachvity
and the dilution representing 2 to 3 umits In ths laboratory it 1s convenient to use
the standard test tube method, 1 hour mcubation at 37° C and 0.2 ml, amounts (se¢
tube method). In our expenence, most lots of complement can be used in a dilution
of 1/60 For the test itself, the complement titer 1a the presence of each antlgen
and salne is verified and the number of umits determined by nclusion of 8 titration
with each test run A dilution of complement, representing 2 to 3 unlts as deter-
muned by previous titration, is used in the test proper ‘The dilutions of complement
are prepared according to the protocol 1n Table 8.

TABLE 8
Coneeremext TIrRATION PLATE METHOD
Reaprocal of Complement Diluent
Tube Complement Dilution ml. wl
1 30 03 (und) 8.7
2 & 20 {1) 20
3 I 200 0.8
4 94 200 o5
H 1y 200} 0.5
H 146 29(5) o’
7 182 20 Eﬂ) 03
8 27 290 1; 03
9 28 2 0 (8) 0.5
10 55 200) 03

(5) Sera Serial 2-fold dilutions of wactivated sera are prepared m test tubes
asin the tube test

(6) Conduct of test The reagents are added to the plate as follows 1 dr'ep
{20 mm %) serum diution, 1 drap complement dilution representing 2 to 3 units,
1 drop antigen {optimal dilution) For the complement titration, 1 drop of salue
15 subststuted for the serum No mixing 15 necessary The pipette is heldina vertieal
(90%) position while dropping resgents, Each plate, after all seagents are added, s
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along neutonal fibers When infection occurs, the disease develops most
often between 4 and 6 weeks after exposure, but the incubation period
may vary from 10 days to at least 8 months.

B. THE AN1MAL RESERVOIR OF RABIES

‘There are two epidemiologic types of rabies—an urban type, which
is propagated by domestic dogs, and a sylvatic type, which is mam-
tained in wild ammals Rabies 1n wild ammals is likely to go unrecognized
unless the disease occurs in epizootic proportions m wolves, fozes, coy-
otes, jackals, skunks, mongooses, or meerkats, and these animals attack
and infect man and his domestic amimals

The vampire bat, Desmodus rotundus murinus \Wagner, is the only
known host that can act as a carrier of rabies over an extended period
without exhibiting symptoms of illness* These animals live on blood
alone and feed by biting so that they do not need to become vicious m
order to transmit the infection, They do spread the disease among them-
selves and to other species of bats when fighting. Vampire bats are
found only 1n Mexico, Central America, and South America The occur-
rence of epizootics of cattle rabies in Brazil, Trimdad, and Mexico, in
regions where dog rables was rare or unknown, stimulated research on
rabies which resulted 1n the discovery that rabies exsts as an enzootic
disease of vampire bats mn these countries 28 Noncolonial, that 1s, free-
living insectivorous bats of the Dasypterus fleridanus species and the
Laswurus seminola species have been found infected with rabies in
Flonda, and a bat of the Lasiurus cinereus species has been found in-
fected with rabies in Pennsylvama 7 It 1s possible that such species of
migratory bats become infected with rabies by contact with vampire bats
n Mexico or 10 Central America It is also possible that rabies may be
present as an enzootic disease of nsectinorous bats in some parts of the
United States The free-living bats rest n bushes or trees and are taken
as food by some carmvora, such as shunks, raccoons, and wildcats Tt is
likely that the bats occasionally manage to bite the predator before
they are killed, thus infected bats could spread rabies to the wild
carnivora The disserination of rabies by insectsvorous bats would best
account for the recent numerous concomitant outbreaks of skunk rabies

in widely separated regions of central and western United States.
Though the bat family forms one potential reservoir of wild-Itfe

rabies, there may be other small mammals that can maintain the disease

as a symptomless infection The marked susceptibihity of the hamster
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P R N A

1. INTRODUCTION
A GENERAL STATEMENT OF THE DISEASE

ABIES 15 a virus disease of animals which is transmitted [roxz:
R animal to animal, and ammal to man, by biting. Infected domesti-
cated dogs and cats are the common source of human infection. In these
animals the disease often begins with such symptoms of excitation of the
central nervous system as irritability and viciousness During the “"1_"_'

5 days of the onset of symptoms Some rabid dogs die duting the excita-
tion stage, but most of them will develop progressive inco-urdinat:qn and
paralysis until prostrate and comatose before they die of lhe. disease

In addition to infecting the central nervous system, the virus -’115.0
may invade and multiply in the salivary glands Thus, the )"f‘;s_‘s
excreted with the saliva, so that the bite of the vicious rabid .:u.mna ::
troduces the virus into a fresh wovnd Under favorable condmons,( e
irus becomes established m the central nervous system by propaga ont
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not umformly invaded by the virus 1a rabid ammals, 1n order to know
if 2 person bitten by a rabid dog was actually exposed to the virus, the
submaxillary salivary glands as well as the bram should be tested; of the
salivary glands, the submaxillary glands are the best source of rabies
vartts Since these tests are trme-consuming, however, they should not be
used as a basis for the deciston regarding vaccinatien,

Those who wish a guide for the handling of cases of animal bite are
referred to the Report on the Second Session, WHO Expert Committee
on Rabies 1t

D RecoonrrioN or Huaan RaBIES

A correct chinical dhagnosis of rabies in man usually will be made if symptoms
of encephalitis develop 10 days or more after a bite by 2 dog or other ammal,
and 1f the physician 1s aware of the possibibty of exposuse to rabies The disease
begins ordimanly with the symptoms headache, malaise, and low-grade fever and
signs of excitation of the central nervous system such as wrritability, constant volu-
bility, apprehension, emotional instability, nsomnia, and ncreased reflex activity
of the musculature The excitation phase may progress untd death occurs during a
convulswe sezute More eften, symptoms of depression of the nervous syster de-
velop before the patient dies In patients who exhibit marked excitation of the central
Bervous system, the disease 1s apt to run a rapid course, with a fatal outcome withn
3t § days of ts onset Sometumes the dusease 18 characterized by progressive ascend-
1ng paralysis without a prodromal excitation phase, in such cases the disease 1s apt
ta be prolonged to a week or more The chnical picture 1s then simiar to that of
poliomyelitis and other conditions associzted with paralysis

1f a history of bite is not elicited, the possibility of rabies might not be con-
sxdered unless the patient exhibits the classical bydrophobia symptom of episodes
of painful spasmodic contractions of the throat muscles when attempting to swallow
The hydrophobia symptom 1s by no means a constant feature of rabies In man, and
this symptom has not been observed at all mn patients that develop paralytzc rabies
after infection by vampire bat bite Dufficulty n swallowing 1s 2 common feature of
rabies 11 man, but until attempts to swallow precipitate patnful contractions of the
(hroat muscles, the patient will not develop a fear of water Semsory disturbances
related to the site of exposure, such as shooting pawns, burning, or tinghng, Indicate
a diagnous of rabies, but the association with rabies may be missed unless it 1s known
that the patient was bitten by en ammal

E Rasies AND PARALYSIS FROM VACCINATION

A person bitten by an ammal ordinanly is given the rabses vaccine
treatment 1f the biting animal s suspected of having rabies Therefore,
1l the patient deselops paralysis i the course of, or soon after, the
rabies vaceine treatment, the question anses whether the disease is par-
alytic rabies or paralysis from vacciration caused by sensitization to the
brain tissue in the vaccine In the past, if the patient recovered, it was
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to rabies virus infection when inoculated by the extraneural route and
the occurrence of nonfatal infections in this host with some varieties of
rabies virus warrant consideration of this and other small mammals as
potential carriers of rabies.®® "The epidemiology of rabies in wolves and
foxes 1 the arctic suggests that the disease may be present in small
mammals such as lemmings, voles, or ground squirrels in this region and
that the carmvorous ammals become infected by bites of these animals.

In the Unted States rabies is present in enzootic proportions in foves
in most of the states east of the Mississippi and in Texas. Skunk rabies
1s present in the North Central and the Mountain-Pacific states. In
Puerto Rico the mongoose is the wildlife vector of rabies.*

C. DoGBITE AND PREVENTION OF RABIES AFTCR EXPOSURE

Knowledge as to when exposure to rabies occurred makes 1t possi-
ble by vaccination to immunize and protect 2 high percentage of exposed
individuals during the relatively long incubation period of the disease
The administration of rabies hyperimmune serum offers an added safe-
guard by giving temporary protection. The serum alone may not pre-
vent the disease m each case but it at least increases the incubation
period sufficiently to allow for development of active immumty as 2
result of vaccination.

The frequency with which pecple are bitten by dogs makes it im-
possible to give the rabies vaccine treatment to all cases of dogbite ex-
posure, even in regions where the disease is known to be prevalent
Therefore, it becomes important to have a method of assessing the
probability of exposure.

The question of whether or not exposure to rabies has occurred must
be determined by what happens to the biting animal. For instance, if
3 dog that has bitten someone can be restrained and kept under observa-
tron for 7 days and the animal remains healthy, one can safely conclude
that exposure to rabies has not occurred If the dog shows symptom§
of rabies and then dues, it is desirable to examine the brain for Negri
bodies because if these are found one can make 2 definite diagnosis of
rabies. This should also be done with a dog that dies or is killed imme-
diately or soon after biting If Negri bodies cannot be found, the dtCy"
sion regarding vaccination should depend on the history of the animal’s
past behavior The brain of the animal can be tested for the presence
of rabies virus by the mouse inoculation test when the laboratory examt-
nation for Negri bodies is negative. But because the salivary glands are
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antibiotics, such as penicillin and streptomycin, sahiva specimens when
introduced 1nto the brain of such ammals mnvarably produced bacterial
sepsis Inoculation of the animals by the peripheral route was the only
means of testing for the virus i saliva, and the low infection rate and
the long incubation period of the disease in ammals inoculated by this
route made this a tedious and uncertain method of diagnosis It is pos-
sible to test saliva specimens for rabies virus by tntracerebral inocula-
tion into mice 1f this material is diluted n physiologic salt solution con-
tamning pemicillin and streptomycin. This saliva test should be done on
all patients that become 11l after animal bite and in cases of encephalitis
of unknown etiology

G Seeciar CHARACTERISTICS OF THE VIRUS

Rabues 1s one of the larger viruses and 1t is not readily filtrable. It
will pass through diatomaceous earth and unglazed porcelain filters that
withhold common vaneties of bactera, but 1t 1s retamed by Seitz EK
type, serum-stenhizing filter pads Rabues virus as found in infected brain
or salivary gland tissue may remain infective for several weeks at the
ordinary refngerator temperature of 4° C 1f the tissue 1s free of bacteria
and is protected from desiccation The virus may remain active for sev-
eral weeks at room temperature, for months at 4° C, and for years at
-12° C, if blocks of nfected tissue are stored in undiluted neutral
glycerol The extraction of water from the tissue by the glycerol may be
equivalent to that obtamed by freeze-drying. For instance, changing
the glycerol once or twice will remove the water extracted from the tissve.
‘The glycerol inhibits enzyme activity and suppresses bacterial organisms.

The resistance of rabies virus to heat depends on the physical state
w which the virus 1s found  For example, the virus as obtained 1n infected
tissue, macerated 10 physiologic salt solution, is inactivated by exposure
to a temperature of 56° C for 1 hour The desiccated tissue virus pre-
served in sealed glass ampules under an atmosphere of mitrogen may be
exposed to the same temperature for an equal pertod of time with little,
if any, demonstrable loss 1n infectiaty.

H. DistrisuTiON OF VIRUS IN ANIMALS
Rabies virus ordinanily 1s demonstrable in the central nervous sys-
tem of man and animals dying of rabtes. The medulla and thalamus
usually contain the greatest concentration of virus, but the virus is
present also in the cerebral cortex, cerebellar cortex, and the spinal
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assumed that the disease could not be rabies because physicians were
taught that no one recovered from this disease, For example, in Trinidad,
vampire bat rabies, which produces only the paralytic type of rables in
man, was diagnosed as polomyelitis until rabies virus was isolated from
one case by inoculation of brain tissve into monkeys 1213 Thereafter,
a considerable number of similar cases were diagnosed in retrospect as
paralytic rabies, where investigations of deaths that had occurred as a
result of a paralytic disease showed a history of the deceased person's
having been bitten by a vampire bat 14

The general pathology produced by rabies and paralysis from vac-
cination is not sufficiently characteristic to allow a certain differential
diagnosis Serologic studies will not aid in differentiating the two con-
ditians because both are associated with an increase in rabies virus
neutrakzing substance in the blood serum during the course of the
disease

The demonstration of Negri bodies or isolation of the virus from
fatal cases does identify the majority of rabies cases When the disease
is of Jong duration, autosterilization, a well-known phenomenon in vir.us
infections, may take place, 5o that it is then impossible to isolate rabies
virus from the patient after death, even if rabies virus was the cause of
the disease.

The demonstration of rabies virus in the saliva is the only practical
method of identifyng nonfatal cases of rabies It is possible that the
virus may be found 1n the spinal fluid, but this body fluid has not been
found to contamn the virus in the limited number of cases tested ¥

F. NECESSITY ror TESTING SALIvA SPECIMENS

The concept that rabies in man is always fatal is based on ’.he
knowledge that rabies virus has not been isolated from a human b.emz
that developed encephalitis and recovered The laboratory diagnusnf of
rabies, however, depends on the isolation of the virus from the saliva,
and the testing of saliva for rabies virus has been done so rarely that there
are only a few records of isolation of the virus from this source.!® Of
course, 4 negative saliva test does not rule out rabies mnfection since the
virus may fail to become established in the salivary glands. There are
practical reasons why the testing of saliva for rabies vir.us h.as been
neglected in the past. It is essential to inoculate rabies virus into the
bram of the common laboratory animals in order to be certain of pro-
ducing a characteristic fatal infection. Before the discovery of modern
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pigs are faitly susceptible to street rabies virus given by intramuscular
inoculation, and these animals are useful for cross-immunization experi-
ments and for testing the potency of rabies vaccine 38

‘The age of the animal may mfluence the susceptibility to rabies. For
example, bigh egg passage (HEP), Flury strain rabies virus, when in-
oculated into the brain tissue of infant mice, produces a fatal infection,
hut the same material given by the same route to mature mice produces
no evident jliness.?

The developing chick embryo is 2 suitable host for the cultivation
of rabies virus? However, inoculation of chick embryos as a test for the
presence of street rabies virus is not recommended because infection is
not produced consistently, and characteristic Negn bodies cannot be
demonstrated in chick embryos infected with rabies virus Rabies virus
can be cultivated in mouse embryo brain tissue culture 321 At the pres-
ent fime there 15 no practical tissue culture method for the isolation and
identification of street rabues virus

K Vmus SrrarNs

Rabies vitus strans, including those isolated from vampire bats,
show ¢ross complement fixation, cross serum-virus neutralization, and
cross protection There are wide differences in the species pathogenicity
of some natural vareties of rabies virus, notably that of vampire bat
rabies virus and the oulou foto rabies virus, Rabies virus as it is found
n naturally infected dogs can be altered by expetimental methods so
that it is harmless when given by subcutaneous and intramuscular in-
jection to man and laboratory animals 1922

1 SpeciaL PrecAuUTIONS YOR WORKERS

‘The Pasteur rabbit-brain-fived rabies virus does not produce infec-
tion of the central nervous system in man when given by parenteral
mjection, as shown by the fact that vaccines contamning active Fasteur
vaccine-virus have been and still are used for the human rabies vaccine
treatment The HEP stran of Flury chick-embryo-adapted rabies virus
has been tested 3n man, and 1t produced ne significant reaction when
given by intramuscular injection ** Therelore, thece 13 no danger of
infection with the Pasteur rabbit-brainfived rabies virus nor the HEP
Flury chich-embryo-adapted rabies virus and no need for special vae-
cine treatment il a laberatery worker is expased by accrdental inocula-
tion with these virus strains,
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cord ¥ As with other types of viral encephalitis, autosterilization may
take place; that 1s, the virus may be neutralized by antibodies or in-
activated virus

The transmission of rabres in nature depends on the ahility of the
virus to nfect the salivary glands of a rabid animal, and these glands
may contain more active virus per gram of tissue than the brain. About
75 per cent of naturally infected rabid dogs will have rabies virus in the
submasillary salivary glands Rabies virus seldom invades the parotid
glands of dogs The virus may be found in the pancreas, in the Jacrimal
and adrenal glands, and in various parts of the nervous system, {nclud-
ing ganglia and nerve trunks,!?

Rabies virus, adapted to bram tissue by prolonged seral intra-
cerebral passage mn an ‘experimental host, such as the Pasteur Fabbit-
brain-fixed virus, does not mvade and multiply in the sahvary glands
The tropism of rabies virus for the salivary glands 1s reduced markedly
by a few serial intracerebral passages of the virus in mice, Rabies virus
has not been demonstrated n the blood, spleen, liver, Iymph nodes, bone
marrow, or sex glands of dogs mfected expermmentally with street rabies
virus 17

I ParnoLocic LEstons

The pathology produced in the central nervous system by infection
with rabies virus 15 similar to that found in other types of viral encepl-
alitis Unless Negri bodies are present, it is impossible to make a certain
diagnosis of rabies by microscopic exammation of the brain, Neuronal
degeneration and perivascular cellular infiltration become more marked
as the disease progresses When death occurs soon after the onset of
symptoms, there may be no sigmficant pathologic trssue changes m the
brain.

The submaxillary sahvary glands if infected with rabies virus show

of the acinar helium and Tear cell infiltration
of the interstitial tissue

J  SUSCEPTIBILITY OF DIFFERENT SPECIES

All of the common laboratory animals are susceptible to street rabies
virus if it is moculated into the brain, The white laboratory mouse is
the most suitable animal for testing for the presence of rabies virus 12
tissue suspensions. Young hamsters are particularly useful for rabies
studxes which require extraneural exposure because in this species the

ular LDgo and 1 LDso are ahout the same.? Guinea
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pigs are fairly susceptible to street rabies virus given by intramuscular
inoculation, and these animals are useful for cross-immunization experi-
ments and for testing the potency of rabies vaccine 1®

The age of the animal may influence the susceptibility to rabies. For
example, high egg passage (HEP), Flury strain rabies virus, when in-
oculated into the bram tissue of infant mice, produces a fatal infection,
but the same matenal given by the same route to mature mice produces
no evident illness 1

The developing chick embryo is a switable host for the cultivation
of rabies virus.® However, moculation of chick embryos as & test for the
presence of street rabies varus 1s not recommended because infection is
not produced consistently, and characteristic Negn bodies cannot be
demonstrated in chick embryos infected with rabies virus Rabies virus
can be cultivated 1n mouse embryo bran tissue cuiture.2?! At the pres-
ent time there 15 no practical tissue culture method for the rsolation and
identification of street rabies virus

K Vmus STrarNs

Rabies wirus strains, meluding those 1solated from vampire bats,
show cross complement fization, cross serum-virus neutralization, and
cross protection There are wide differences m the species pathogenicity
of some natural vaneties of rabies virus, notably that of vampire bat
rabies virus and the onlou fato rabies virus Rabies virus as it is found
i naturally infected dogs can be altered by experimental methods so
that 1t is harmless when given by subcutaneous and intramuscular in-
Jection to man and laboratery animals 1922

L Speciar PRECAUTIONS FOR WORKERS

‘The Pasteur rabbit-brain-fixed rabies virus does not produce mfec-
tion of the central nervous system i man when gwven by parenteral
injection, as shown by the fact that vaccines contamning active Pasteur
vaccine-virus have been and still are used for the human rabies vaccine
treatment The HEP strain of Flury chick-embryo-adapted rabies virus
has been tested m man, and it produced ne sigmficant reaction when
gwven by intramuscular injection ** Therefore, there is no danger of
infection with the Pasteur rabbit-brain-fixed rabies virus nor the HEP
Flury chick-embryo-adapted rabies virus and no need for special vac-
cine treatment if a laboratory worker s exposed by accidental inocula-
tion with these virus strains,
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cerd.’s As with other types of viral encephalitis, autostesilization may
take place, that is, the virus may be neutralized by antibodies or -
activated virus,

The transmission of rabies i nature depends on the ability of the
virus ta mfect the sabnary glands of 2 rakd animal, and these glands
may contain mote active virus per gram of tissue than the brain, About
75 per cent of naturally infected rabid dogs will have rabies virus in the
submaxdiary sahvary glands, Rabies virus seldom invades the parotid
glands of dogs The virus may be found in the pancreas, in the lacrimal
and adrenal glands, and in various parts of the nervous system, inchud-
ing ganglia and nerve trunks}?

Rabes virus, adapted to brain tissue by prolonged serial intra-
cerebral passage in an evperimental host, such as the Pasteur rabbit-
brain-fixed virus, does not invade and multiply in the salwary glands
The tropism of rabies virus for the salvary glands 15 reduced markedly
by a few serial intracerebral passages of the virus in mice. Rabies virus
has not been demonstrated in the blood, spleen, liver, lymph nades, b“_“'
marrow, or sex glands of dogs infected experimentally with street rabies
wirus 17

1. Parmorocic Lesiows

The pathology produced in the central nervous system by infection
with rabses virus is similar to that found in other types of viral enceph-
alitis Unless Negn bodies are present, it is impossible to make a certain
diagnoss of rabies by mucroscopic examination of the brain. Neuronal
degeneration and penvascular cellulaz ifiltration become more marked
as the disease progresses. When dexth occurs soon after the onset of
symptoms, there may be no significant pathologic tissue changes in the
brain

The submaxillary saltvary glands if nfected with tabies virus shfrw

of the acinar helivm and Tear cell §
of the interstitial tissue.

3. SusCEPTIBILITY OF DIFFERENT SPECIES

All of the common y ammals are ptibile to street rabies
virus if it is inoculated into the brain The white Jaboratory mouse _35
the most sutable animal for testing Tor the presence of rabies vims.m
tissue suspensions Young hamsters are particularly useful for rables
studies which require extraneural evposure because in this species the
i lar Lo and i bral LDsq ate about the same.® Guinea
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having rabies, are subject to exposure to rabes, and such persons should
be immunized in the same manner as laboratory personnel

White mice used for virus isolation studies must be handled with
forceps (this is standard procedure for all handling of live mice) Larger
animals are handled with thick leather gloves. A convenient method of
holding a dog is to grasp the upper jaw of the animal with the thumb
on top and the fingers in the cleft of the lower yaw The other hand may
be used to grasp the back of its neck If the dog is grasped by the lower
jaw with the gloved hand so that the skin of its lips is pulled over the
lower jaw teeth, the dog will not bite down on the gloved hand It is
often necessary to muzzle dogs suspected of having rabies, this may be
done with 2-inch gauze bandage by winding 1t about the jaws and cross-
ing and tying the ends around the dog’s neck

The use of surgeon-type rubber gloves is not recommended for lab-
oratory workers Those persons engaged 1n opening containers and re-
moving the bramns and salivary glands from anumal heads should wear
heavy-duty industrial type rubber gloves

II METHODS OF ISOLATION AND IDENTIFICATION
OF THE VIRUS

A Cunicar Sources or MarteriaL For TesTivG

1. Salive specrmens Unless and until the patient dies, the saliva 15
the mast likely source of virus 1n rabies cases The saliva specimen should
be taken from under the tongue where the ducts of the submaxillary
salwary glands open 1nto the mouth If the patient 1s co-operative, this
may be done with an insulin syringe or eye-dropper pipette, The saliva
specimen then may be transferred to a rubber-stoppered or screw-top
wvial or a pyres test tube For shipment it 1s essential to use a pyrex test
tube and to glass-seal this with a torch The acetylene torch without
added ovygen 1s excellent for sealing pyrex test tubes If the patient is
excited, 1t may be necessary to obtamn the saliva specimen as sputum
in 2 paper contamer or glass petr1 dish If the sputum is scanty and
wiscid 3t may be diluted with physiologic salt solution so that the speci-
men can be transferred to a test tube In some cases the only way to
obtain a specimen is to collect the saliva with a cotton swab on a wooden
applicator The saliva 15 removed from the swab by agitation 1n a small
amount of stenle physiolog:c salt solution, and this 1s saved as the saliva
specimen
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In laboratories where street rables virus is handled in the form of specimens
from cases of natural infection in man and animals or for experimental studies,
workers who open containers that hold amimal specimens, remove brain znd
salivary gland specimens, prepare brain tissue impressions and smears on glass
shides and fissue suspensions, petrform animal inoculation, or process tissue speci-
mens from expenimentally infected animals should be given a course of 7 injections
of rabies vaccine at least I month before they are alfowed to take part 1 such
work, One or 2 doses of vaceine given annually thereafter should be sufficient to
mauntain an adequate level of immunity. As & guide in deciding whetber revaccina
tion 15 necessary, blood serum may be tested for anttbodies to rabies varus, at yeatly
intervals, For example, 1f the neutralization test reveals neutrahzing antibody jor
Tabies virus in the blood serum, 1t 13 not necessary to give a booster dose of vaccioe
Immumity may be present even though the neutralization test method may fal to
show a signficant level of virus-neutralizing antibody In experimental studies of
resistance to infection with rabes virus in dogs vactinated with killed-virus rabies
vaccine when the animals were challenged by mtramuscular mijection of street sabies
virus ? year after vaccination, the neutralization test method failed to show 8 sigrifi-
¢cant amount of virus-neutralizing antsbody in the blood of about 50 per cent of the
ammals that resisted infection 23 Rabues hyperimmune serum is avatlable commer-
cially and should be kept on hand in laboratones processing tissue specimens infected
wath street rabues virus. The rabies-immune serum should be given promptly in case
of acadental moculation exposure with street sabies virus The local treatment of
wounds produced by instruments or glassware contaminated with street rabies vis
13 the same as for ammal butes, that is, rmmediate thorough cleansing with sozp of
detergent solution The use of cautery with muneral 20d 15 hmited to treatment
of puncture wounds which cannot be cleansed with soap or detergent soluﬂo:‘l
Contamination of the unbroken skin with street rabies virns will not result in
infection If the virus 1s spilled or splashed onto the shin, bowever, it 1s advisable
to immeduately wash with soap and water or a detergent solution and then soak or
sponge the skin with bichloride of mercury solution at a strength of 002 gm Per
cent In addition to a stock bottle of bichlonide of mercury the laboratory should
have available a small bottle of mtric acid for use 1 cauterizing puncture wounds
contamnated with street rabjes virus. The saud treatment ordimanly is given by
dipping the pointed end of a broken wooden applicator into the acid and by intro-
ducing this into the depth of the puncture wound After a S-minute exposure to the
acid the wound area is washed with soap and water and then covered with a paste of
sodwm bicarbonate and water to neutralize the remaining said Exposure of the
mucous membranes to street rabies virus 15 to be treated in the same manner 5
inoculation expostre 31 Pipettes used for mixing street rabues virus maust be plugsed
vath cotton If the cotton becomes morstened with the virus suspension the pipette
should be discarded There js a particular hazard of exposure of the mucous Mem-
brane of the eye when opemng the calvarium of animal heads, Goggles should be
worn for this type of work,

Veterinary medical doctors and ammal attendants engaged in rabies
control work, such as observation and handling of dogs suspected of
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animal hves, hence the practice of holding ammals suspected of having
rabies until they die It is advisable also to examine specimens from all
ammals suspected of having rabies in order to have deﬁmte nformation
as to the presence and extent of the disease

D Packing anp SuippNG oF Anmvar Heaps

When it is necessary to ship an ammal head to a public health lab-
oratery for diagnoss, the head must be removed by severing near the
shoulders so as to leave the salivary glands unexposed. Then the speci-
men should be placed in a water-tight metal contamer and this, in turn,
in a larger container of the same type, of sufficient size to permut ade-
quate packing with water 1ce and sawdust If a messenger service is not
available for delivery to the laboratory, the shipment must be made by
express freight Carbon dioxide ice must not be used for refrigeration of
amimal heads because the freezing alters the tissue in such a way that

a y cannot be made

E. SureMENT oF SriNarL FLum, Sariva, or TIssUE SpeCIMENS

Spinal flmd and saliva specimens that must be shupped to a diagnostic
laboratory for virus 1solation studies should be put into pyrex glass test
tubes, flame-sealed, and packed 1n a metal mailing container such as
those used for bacteriologic specimens This container 15 then placed in
a thermos bottle contaiming carbon dioxide ice or packed in a carton
with carbon dioxide ice for shipment by express freight. If microscopic
examination has been completed and only virus 1solation studies are de-
sired, tissue specimens are preserved best by shipment m flame-sealed
pyTex glass tubes as recommended for spinal flid and saliva specimens,
The tissue specimens may be shipped without refrigeration if small blocks
of tissue are placed n undiluted neutral glycerol n a strong glass vial
and sealed with a sleeve-type rubber stopper or some other type of rub-
ber stopper that can be secured 1n place with tape If the vial is then
packed 1n a double metal contamer, such as those used for bactenologic
specimens, it may be shipped by mail

F Hanpune or ANIMAL HEAD SPECIMENS IN THE LABORATORY

W hiar e amtrecd Lo d s maas oo s o d kel T PR

face contamunation, If the brawn is removed first, one cannot be sure
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2. Spinal fuid specimens. I a patient exhibits signs of encephalitis,
a spinal fluid spectmen ordinanly is obtained for study to rule out bac-
terial infecttons and for cell count and chemistry studies. Though there
is Iittle chance of 1solating rabies virus from the spinal fluid, this mate-
rial should be tested for viruses by the mouse moculation test in both
infant and mature mice.

3 Other specimens for virus isolation studies. It may he of interest
to test the nasal and lachrymal secretions for rabies virus by the mouse
moculation test. The virus may be found in the lachrymal glands ™

B. Post-MorTEM SOURCES OF MATERIAL For TESTING

1. Brain specimens Rabies is a disease of the central nervous sys-
tem, and the infectious agent is always present in the brain tissue early
m the course of the disease Except for rare instances of autosterilization
where the virus is masked by antibodies or dead virus, it is possible to
demonstrate rabies virus in the brain tissue of man and animals that
die of the disease Blocks of tissue about 1 cm square should be taken
from the medulla, pons, hippocampus, thalamus, and cerebral cortex
and pooled for virus studies Similar portions of the Ammon’s horn of the
hippocampus, the cortex of the frontal and parsetal lobes of the cerebrum,
and the cortex of the cerebellum should be taken for examination for
Negri bodies The medulla, pons, and thalamus are valuable for the
demonstration of inflammatory lesions, and these should be included
with the specimens saved for preparation of paraffin sections.

2. Sahwary gland spectmens Though the virus must invade the sali-
vary glands in order to maintain the disease, infection of the salary
glands does not occur 1n all cases of rabies 117 The submasillary
salivary glands are the best source of rabies virus from tissues other
than that of the central nervous system, and these glands may contain
more virus per gram of tissue than the brain.

C. ANmMaL SPECIMENS

The diagnosis of rabies in animals is a necessary function of public
health laboratories wherever the disease exists It is essential to have
some method of ascertaimng the risk of rabies exposure mn dogbite
cases; this 15 done by confinement and observation of biting dogs .:md
examination of the brains of ammals that die or are killed at the time
of biting or during the period of quarantine The probability of finding
Negn bodies in the brain of the rabid animal increases the longer the
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a clean glass slide between the thumb and forefinger apply the slide
gently against the exposed cut surface of the tissue Remove quickly
This leaves a thin film of tissue on the slide—a mirror 1mage of the
cross section Make 2 or 3 impressions on the same shde Impressions
of the cerebellar and cerebral cortex are prepared in the same manner.

For smear preparations cut out a portion of tissue about 1 mm in
drameter from the Ammon's horn or other tissue and place this near
one end of a glass side Superimpose a 2d shde on the 1st, flatten the
tissne by gentle pressute, and then draw the top slide lengthwise over the
other, leaving a thin efongated smear on both shdes

1 STAINING OF IMPRESSIONS AND SuEARS

The wet impressions or smears of bramn tissue are fixed and stained
at the same time by immersion in Sellers’ stain 24 This staining proce-
dure is a modification of van Gieson’s stain and 15 composed of a mix-
ture of basic fuchsin and methylene blue, Each stock stain 1s prepared
as a 1 gm per cent solution in absolute, acetone-free, methy] alcohol
The formula specifies basic fuchsin—color index No 677 or Schultz
No 780, and methylene blue—color index No 922 or Schultz No 1038
Store the stock stains in glass-stoppered bottles

To prepare the working stam solution take 1 part of the basic
fuchsin stock and 2 parts of the methylene blue stock stan solutions;
for example, 25 mt of basic fuchsin solutton and S0 ml of methylene
blue solution Mix but do not filter It 1s conventent to keep the working
stain in a Coplin stainng jar with a screw-top cover The stain solution
may be used as long as 1t produces the proper staining reaction

I after it or smear ions im-
merse them 1n the stain solution for 1 to 5 seconds, depending on the
thickness of the smear, then rinse with gently runming water under the
tap, and ar-dry The ion 15 ready for The stain
fixes and stams the tissue at the same time. Dry bram tissue impres-
sons and smears fixed while still moist with absolute methyl aleohol
are suitable for staining with Sellers stain, but such preparations must
be stained for 5 minutes They are not so satisfactory as those which
are fixed and stained at the same time Tap water ordinarily contains
electrolytes which improve the quahty of the staining reaction as com-
pared to distilled water In some regions, bowever, the tap water con-
tains chemical substances which alter the staining reaction unfavorably
Comparison of preparations rinsed with tap water and distilled water
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that the salvary glands are not contaminated with virus obtained from
the bram, therefore, the salvary glands must be removed first if they
are to be tested for virus, When the skin is reflected from a ventral
midline neck incision, the submaxillary sahvary glands will be exposed
at the angle of the jaw These are firm, well-demarcated, pale reddish
brown, lobulated glands about 15 by 2§ by 3.5 cm. in size. The sali-
vary glands may be placed 1 a stenle petri dish for refrigeration, pend-
ing processing

For removing the bram from an animal head, the head is held firmly
by grasping the lower jaw with a lion-jawed bone-holding forceps, The
operator exposes the calvanum with a mudlme longitudinal incision,
reflects the skin laterally, and cuts away the muscle tissue to the base
of the ears, The skull 1s opened with a sharp butcher’s cleaver or a bone
saw by a cut across the occipital area, then laterally on each side, and
finally transversely just behind the eyes The calvarium then is pried up
from the front and broken backward, thereby exposing the brain, The
meninges are reflected laterally The muzzle of the head is held upright,
and the brain 1s removed without handling by cutting under the frontal
lobes and finally severing the cramal nerves and brain stem, allowing
the bram to fall onto a paraffinized paper plate or metal pan

G SoUrcE 0F MATERIAL FOR MICROSCOPIC EXAMINATION

Portions of the Ammon’s horn of the hippocampus, the cerebellar
cortex, and the cortex of the frontal and parietal lobes of the cerebrum
should be examined for Negr bodies The hippocampus is exposed by
placing the brain base down and by making a deep longitudmal mcision,
with scissors or knife, into one hemusphere; this is made from the
occipital pole anteriorly just lateral and parallel to the superior longi-
tudmal fissure This cut exposes the lateral ventricle, the hippocampus
wll be recogmzed as a ghstening white cylindrical body bulging up from
the floor of the posteror part of the lateral ventricle The Ammon’s horn
is identified by sectioning transversely to show the characteristic con-
centric light and dark zones

H PREPARATION OF IMPRESSIONS AND SMEARS

With a pair of straight sassors, cut through the Ammon’s horn
transversely, removing a cross section about 2 mm. thick Place this on

1ng paper of a wooden tongue depressor. Press the one

iece of blott
aplece 0 ¢ adhere. Holding

cut surface gently onto the paper or wood to make if
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a clean glass shide between the thumb and forefinger apply the shde
gently agamst the exposed cut surface of the uissue. Remove quickly.
This leaves a thin film of tissue on the slide—a mirror image of the
cross section Make 2 or 3 impressions on the same slide Impressions
of the cerebellar and cerebral cortex are prepared in the same manner,

For smear prepatations cut out a portion of tissue about 1 mm, in
diameter from the Ammon’s horn or other tissue and place this near
one end of a glass shde Supenmpose a 2d shide on the 1st, flatten the
tissue by gentle pressure, and then draw the top slide lengthwise over the
other, leaving a thin elongated smear on bath shdes

I StamNING oF IMPRESSIONS AND SMEARS

The wet impressions or smeats of brain tissue are fived and stained
at the same time by tmmersion 1n Sellers’ stam 2 This staining proce-
dure is a modification of van Gieson’s stain and is composed of a mix-
ture of basic fuchsin and methylene blue Each stock stamn 15 prepared
as a1 gm per cent solution 1n absolute, acetone-free, methyl alcohol
The formula speafies basic fuchsin—color index No 677 or Schultz
No. 780, and methylene blue-—color index No 922 or Schultz No 1038.
Store the stock stains in glass-stoppered bottles

To prepare the working stain solution take ! part of the basic
fuchsin stock and 2 parts of the methylene blue stock stain solutions;
for example, 25 ml of basic fuchsin solution and 50 ml of methylene
blue sotution Mix but do not filter It 15 convenient to keep the working
stain in a Coplin stamning jar with a screw-top cover. The stain solution
may be used as long as 1t produces the proper staming reaction

Immediately after preparing impression of Smear preparations im-
merse them n the stain solutien for 1 to § seconds, depending on the
thickness of the smear, then rinse with gently runmng water under the
tap, and aw-dry The preparation 1s ready for examination The stain
fixes and stams the tissue at the same time, Dry bram tissue impres-
sions and smears fixed while still moist with absolute methyl alcohol
are switable for staming with Sellers’ stamn, but such preparations must
be stained for 5 minutes They are not so satisfactory as those which
are fixed and stained at the same time Tap water ordinanly contains
electrolytes which improve the quahty of the staining reaction as com-
pared to distilled water In some regions, however, the tap water con-
tains chemical substances which alter the staining reaction unfavorably,
Comparison of preparations sinsed with tap water and distilled water
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contaiming M/150 phosphate buffer at pH 7.0 will show whether tap
water 15 suitable for routme use.

J. EXAMINATION OF STAINED TissUE PREPARATIONS

The stained tissue should appear reddish violet or purplish blue,
depending on the density of the tissue. Use the low-power, 16 mm ob-
jective, for preliminary observation Select areas showing numerous
large neurons where there 1s little or no overlapping of cells and study
with the oil immersion objective

In a properly stained preparation the cytoplasm of the neurons will
be blue or purphsh blue, the nuclei and nucleoli will be a deeper blue;
the stroma will be rose pink, nerve fibers will be a deeper pink; neural
sheaths do not stain, bacteria, if present, are stained an intense blue;
and erythrocytes are a copper color, Negr bodies, the specific cyto-
plasmic inclusion bodies of rabies, are found 1n the cytoplasm of large
neurans which present the ballooning type of degeneration The Negri
body 1s a sharply defined, sphencal, oval, or elongated body, ordinarily
2 to 10 p 1n diameter Several inclusion bodies, usually of variable size,
may be present in I neuron and are found most often m the cytoplasm
between the nucleus and the dendritic prolongations of the cell They
may be found 1n the first part of the dendrite, and in such instances
they are elongated The larger Negr bodies contain blue staining gran-
ules or inner bodues, often arranged in concentric layers; and the ground
substance of the inclusion body 1s finely granular, takes the fuchsin
stain, and appears cherry red n preparations stained with Sellers’ stain
The blue staining granules in the Negri body are about 0.2 to 0.5 10
diameter Small cytoplasmic mclusion bodies may contain a single central
blue staiing granule, but most of the small forms have no evident inner
structure, therefore, mn the absence of larger forms these cannot be re-
garded as specific for rabies, The characteristic Negri bodies are usually

more abundant 1n the Ammon’s horn of the hippocampus than elsewhere
in the brain, but they may be found in large numbers in the pyramidal
cell layer of the cerebral cortex and the Purkinje cell layer of the cere-
bellum They occur commonly 1n the cranial nerve nuclei, but it is diffi-
cult to obtain satisfactory impression or smear preparations from this
part of the brain. Inimpression and smear preparations the Negn bodlAes
often appear to be outside the neurons, The Negri bodies are found in
swollen cells undergoing degeneration, which are ruptured easily. Intra-

cellular location of Negri bodies need not be demonstrated because the
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staining reaction with Sellers’ stain 15 charactenstic, and the specific
type of cell inclusion may be recogmized when it is outside as well as
inside the cells, It is ordinanly possible to find Negri bedies in the mesh-
work of the cytoplasm of degenerating neurons.

Cytoplasmic inclusion bodies, caused by diseases other than rabies
and which stam red with Sellers’ stain, may be found in deg, cat, and
mouse brains. These inclusion bodies do not contam any inner bodies
or granules, and they are more refractile and homogeneous in appear-
ance than is the Negri body This type of intracytoplasmic mnclusion
body is found in ammals infected with distemper virus when it invades
the central nervous system There are cytoplasmic secretory granules
in the pons which resemble the cytoplasmic inclusion bodies caused by
some viruses The secretory granules in the acinar epithehial cells of the
submaxillary salivary glands may coalesce to form cytoplasmic fuchsin
or eosin staining bodies of the same size as Negri bodies

K PREPARATION AND STAINING OF PaRAFFIN SEcTIONS

The paraffin section method 13 not recommended for routine diag-
nostic demonstration of Negr1 bodies 1n ammal brans Post-mortem
tissue material from human cases should be fived in Zenker's fixa-
tive Add glacial acetic acid to a concentration of 5 per cent just before
use Make impression and smear preparations also and stan these with
Sellers’ stan; a microscopic dragnosis may be made promptly by this
method The Zenker’s fixative does not penetrate the tissue very well;
therefore the tissue blocks should not be more than 3 mm thick Fix
the tissue for 24 hours; then wash thoroughly in runming water and
store 1n 80 per cent ethyl alcohol After embedding 1n paraffin, the
sections must be treated with Lugol’s solution and sodium thiosulfate
solution to remove the corrosive subhimate crystals deposited in the
tissue by the fixative, The phlovine and methylene blue stain and the
Wolbach modification of Giemsa’s stain, as given by Mallory, are suitable
for the demonstration of Negri bodies in paraffin sections ™ Giemsa
stain may be prepared, using a known amount of the azure dyes ¢ In
order to obtain umform results, dilute Giemsa stain in M/150 phosphate
buffer pH 70 to 75 and use the buffer solution for nnsing the slides
Tap water may alter the staining reaction

The eosmn and methylene blue stainng technic used for rovtine histology 1n
many pathology laboratones should be satisfactory for staining Negri bodies 1n
tissue fixed in Zenker's solution This method may be improved by using the sodm
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ethy] eosinate at a 1 per cent concentratson m 95 per cent ethy! alcohol with the pH
adjusted to 3§ to 45 with acetic acid and staining 1n this eosm solution for 30
mimnutes Rinse and counterstain for S minutes 1n Unna’s alkalme methylene blue
stain 27 Use M/150 phosphate buffer at neutral pH for ninsing the stamed sections
Differentrate m absolute aleohol contaimung a small amount of rosin This method 15
applicable for staning smear and impression preparations fived 1n Zenker's fivative,
and such preparations are fixed adequately 10 1 hour Mann’s stain as grven by Kraus,
Gerlach, and Schwemburg 1 prepared by mixing 35 ml of a 1 per cent water solu-
tion of eosm with 35 m] of a 1 per cent water solution of methyl blue, and adding
this to 100 ml of distilled water According to this method the sections are stamed
for 24 hours, then differentiated m absolute ethyl alcohol contaming a small amount
ot sodium bicarbonate, and then exposed for a short time to a dilute solution of
acetic ac1d an water Otherwse the sections are dehydrated and mounted i the usual
manner 2% Note that this stam procedure calls for methy] blue and not methylene
blue Tissue fixed 1n formalin or Zenker's fixative contanmng formahn at a concen-
tration of 10 per cent and staned with hematovyhn and eosin may show some of the
cytoplasmic inclusion bodies of rabes, but the inner structure 1s not stamed so that
this method 15 not apphicable to the diagnosts of rabies

L INTERPRETATION OF OBSERVATIONS

The demonstration of Negri bodies 1n the brain makes 1t possible to
make a defimte diagnosis of rabies The ifrequency with which Negri
bodies can be found in the brams of animals dying of rabies is illustrated
best by citing the results of microscopic exammation and animal inocula-
tion obtained by different laboratories The studies of Negri-Luzzani as
given by Koch hist 4,961 brain specimens as positive for rabies by ammal
moculation, and of these 6 7 per cent were negative for Negri bodies by
microscopic examinatton 2 A comparnison of the microscopic examna-
tion and the animal moculation methods of diagnosis was made by Koch
and Jahn for the pertod 1913 to 1928 Table 1 shows the results obtained
as given by Koch 2

Attention 1s called to the cyclical vaniation m the percentage of rabid
animals showing Negri bodies—increasing with penods of high incidence
and decreasing during periods of low incidence of rabies Table 2 shows
the results of microscopic and antmal moculation tests of routine animal
brain specimens submitted to the Georgia State Health Department dur-
ing 1937.%° .

The average percentage of virus positive spectmens missed by micro-

scopic examination was 10.5 per cent A total of 236 specimens found
positive by microscoprc examination was also positive by animal inocula-

tion
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Dogs that develop funous rabies are lhe ones that te people, and
mast of the spec! to a d i laboratory ate from
animals that have bitten someone, 1t is possible to make a defimte diag-
nosts of rabies by microscome evamination in about 90 per cent of the
dogs that develop furious rabies Dogs that develop paralytic rabies

TABLE 1
Suaanry oF Mickoseorsc Ave ANnsat Ivocurarox Srupies or
Routse Brary Srecrieens Recaaves ar 7ne Rosest
Rocss Insmrore

1913 to 1928
7 Cent
of Total +
Total Negn0 | Negn@ | Found
Year Speamens | Negn+ {Animal 4} Ammatd | Negn0
3 ns g 5 v w 27
i 120 3 v IS 159
1915 52 3 3 e 59
916 538 288 1 25 3
1917 w7 241 ] 134 87
18 405 28 28 W 7
1919 450 250 o4 143 W4
1920 385 123 35 110 68
1923 s 226 45 m 08
w2 706 s 58 258 134
103 1,54 94y 7 s T
1924 1,700 868 3 733 17
1925 47 1w t 36 299 ws
1926 283 2 u 193 162
1927 n 15 95 166
1928 05 7 85 0o
Tota) 3 B3 | 4128 s} sam ns

Nure—{t will be goted tiat columns 3, 4, nnd 5 db not 283 up 30 equal the total m
cofmn 1 Some uf 1he Negri Regatve sperimons were avidently wnsatistactory for anmal
wnaculatian because of decomposiion aud bacteral contamunation

without any signs of viciousness usually die within 3 days of the onset
of symptoms, and of the dogs that develop this type af rabies only about
50 per cent show Negrl bodies in the bran In humran rabies cases both
the excited and paralytic forms of the disease are evamined, and for all
types of the disease about 70 per cent will show Negrs bodses in the brain,
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M. REpORTING THE RESuLTS

The finding of Negrnt bodies 1z a bramn specimen is sufficient evidence for
makung a defimte diagnosis of rabies The wntten or telegraphic report may be
worded “The head submitted by you . ....... . 195..
is positive for rabues” Do not teport a specimen as questionable positive ©F Suspi-
cious positive for rabies If not positive for Negri bodies, it must be called negative

TABLE 2
Suarsary oF Microscoric aNp Mouse INOCULATION StuDies oF
Rourmve Bratv Seecriens RECEIVED AT THE GEORGIA STATE
HEALTH DEPARTMENT

1937
Per Cent of
Total Posttive
Negn 0
Month Negn + | Negn 0 | Mouse + | Total + Negn 0
January 62 37 s 67 7.5
February 50 38 1 5t 20
March 67 48 13 20 16 2
Apnl 76 48 6 82 73
May 77 93 7 8 83
TJune 58 7% 9 o7 13.4
July 73 68 8 81 99
August 39 63 1t 50 20
September 48 39 4 52 7.7
October 45 35 6 51 18
November 53 45 7 60 17
December 42 33 4 6 87
Total 650 623 81 71 105

It s customary to report rabies positive specamens by telegraph or telephone,
whether or hot this has been requested The results of the microscopic examnation
must be reported by mail, and additional information and advice are included as
needed for protection of persons and hvestock exposed by a biting ammal When
Negn bodies are not found m a bra specimen, the report may be worded “The
. head submitted by you 195 . . 15 negative for Negri
bodes This does not exclude the possibility of rabies The results of the mouse
noculation test will be reparted later Consult your health efficec or your physicizn
and follow bis advice ” The laboratory report, whether positive or negative, offers
an opportumty for of Literature on the subject of rabies
This 1s the log cal time to give out correct mformation on how to control rabies
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III BIOLOGIC AND IMMUNOLOGIC PROCEDURES .
FOR DIAGNOSIS

A Cuorce or ANIMaL For Test INocurATION

The white laboratory mouse is the best experimental host for the
1solation and identification of rabies virus, and any of the various varie-
ties of white mice are suitable for use as test ammals 3! Tt is preferable
to use Swiss albino mice of a genetic line that 1s known to be susceptible
to a wide variety of virus diseases because virus diseases other than rabies
may be encountered in routine biologic testing of human and animal
trssue specimens There 1s at least one genetic vanety of white mice
which 1s resistant to 17D yellow fever vaccine virus and several viruses
which have been isolated from arthropods, whereas other genetic types
umformly sicken and die after intracerebral inoculation with these
viruses The variety of muce selected as test ammals should be free of
paratyp and other la and Tovopl para-
sites, and mouse 1 pl 1¢ chon ingitis, and
ectromeha viruses The presence ui enteric pathogens in the mice can
be determmed by testing a pool of fecal spectmens from a box of
young mice by bactenologic culture methods used for the isolation of
human enteric pathogens To test for the presence of mouse encephalo-
myelstis virus, collect a pool of fecal specimens from a box helding 25 or
more recently weaned mice Grind this material in a mortar, in a diluent
of physiologic salt solution or distilled water containing 500 units of
pensciflin and 1 mg of streptomycin per ml Sediment the bacterial

of the by cent n an
for 20 minutes at 15,000 r p m or at maximum speed 1n an ordinary hori-
zontal centrifuge for 1 hour Test the supernatant flud for virus by
mjecting 003 ml intracerebrally into each of 10 muce of about 6 weeks
of age If mouse encephalomyehtis 1s present as an enzootic disease 1n
the stock mice, some of the ioculated mice will develop paralysis and
die within 10 days after noculation The incubation period may be as
short as 4 days and as Tong as 28 days Make at least 1 blind passage
using a bran pool from 3 mice sacrificed at 5 days after inoculatron
The chronic systemic infections of mice may be demonstrated by testing
a pool of spleen tissue from 10 three-week-old mice Prepare a 10 per
cent suspension of the spleen tissue 1n physwologic salt solution by grind-
g 1n a mortar, Do not add any antibiotic to the diluent and avoid
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centrrfugation Allow the suspensfon to stand at refrigerator temperature
for about 30 minutes so that the particulate material will settle. The
biologic test of the supernatant fluid is performed by intracerehral mocu-
lation of 003 ml. into each of 10 mice approximately 6 weeks of age
If the mice sicken, kill some of them with chloroform and take bran
specimens for passage and for mi pIc inatron Make impressic
preparations on a glass shde from a cross section of the brain the same
way as for rabies diagnosis In thrs case, however, fix the tissue with
absolute methyl alcohol and stamn with Giemsa’s stam according to the
method commonly used for the demonstration of malatia parasites *®
Parasites, bacteria, rickettsia, or elementary bodies 1f present will be
revealed 1n the stained tissue

Mice of all ages are susceptible to infection with street rabies virus
1moculated into the brain, but 1t 15 to use 3- to k-old
muce for diagnostic work because the skulls are soft and the needle can
easily be introduced mto the parietal area. There are vareties of rabies
vitus, such as the high-egg-passage (HEP) Flury vaccine virus, which
are pathogenic for infant mice but not for mature mice The HEP Flury
virus does not produce clinical signs of infection in mature mice, dogs,
or rabbits after intracerebral inoculation but produces paralysis and
death in 1nfant mice with an fectivity titer comparable to that ob-
tained ordmnarily with street rabies virus1®

B. PREPARATION OF SPECIMENS FoR THE Brorocic TEsT

Spinal fluid specimens are suitable for testing without processing, but
1f the specimen consists of S ml or more of fluid, centnfuge this at
medium speed 1n an ordinary centrifuge to sediment the cell component
Resuspend the sediment 1n a quantity of the supernatant fluid sufficient
for moculation of the mice Rabies virus, 1f present in the spinal fluid
of expertmentally mfected dogs, 1s associated with the cellular com-
ponent 17

Saliva specimens must be diluted 1n physiologic salt solution or dx_s-
tiiled water contaming 500 units of penicillin and 1 mg of streptomycin
per ml It is advisable to test at least 2 dilutions of saliva, ordmarily
1:10and 1 100 The addition of inactivated normal guinea pig or rabbit
blood serum to the diluent to a concentration of 2 per cent is recom-
rmended if available, but rabies virus survaves very well in the dilutions
of saliva used for test inoculation The noculation of undiluted .sahva

into the brains of mice 15 apt to kill a ligh proportion of the animals
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To prepare brain or salivary gland specimens for the biologic test
macerate the tissue 1n a diluent of physiologic salt solution to give a
10 per cent suspension of tissue by weight, that is, the weight of the
tissue in grams multiplied by 9 gives the amount 1n ml of diluent to be
used The common method of preparing a suspension of tissue for test
inoculation 1s to grind 1t, using a mortar and pestle Use a prpette or
syringe and needle to transfer the tissue suspension from the mortar to
the test tube. Brain tissue may be ground mto a fine suspension without
the use of an abraswve, but salivary gland tissue must be minced with
scassors and ground with stenle sand or alundum in order to obtamn a
fine suspension, It 1s not necessary to add serum to the diluent unless
the tissue suspension 1s diluted more than 10-* The frequency of
bacteral contamination of routine ammal spectmens makes 1t advisable
to add 500 umts of pemallin and 1 mg, of streptomycin per ml of
diluent Portiens of the medulla, pons, hippocampus, thalamus, and
cerebral cortex should be included in each brain peol to be tested, For
testing salivary gland tissue take 2 2 mm thick cross section from the
center of each submaxillary salivary gland and prepare a 10 per cent
suspension 1n physiologic salt solution from a pool of these 2 portions
of tissue It 1s customary to centrifuge bran and salivary gland tissue
suspensions at medum speed for 10 mimutes to sediment the larger
particles, which otherwise may clog the needle used for the moculation
procedure If tissue suspensions are allowed to stand for 1 hour, how-
ever, the larger particles will settle, and the supernatant flud will be
suitable for use in the mouse test At least 6 mice are needed for each
specimen

C Tre Mouse INocurarion TEsT

The intracerebral test moculation 1 mice 1s given by means of 2
025 ml tuberculin syringe and a 1% nch, 26- or 27-gauge needle The
dose per mouse 1s 0 03 ml for mature mice and 0 015 m! for mfant mice
No antiseptic 1s necessary or desirable over the moculation site The
mice may be anesthetized 1n a glass battery jar provided with a wire
mesh platform to separate the mice from the ether-saturated cotton on
the bottom of the jar The anesthetized mouse ordinanly s held on its
side by grasping the head with the thumb and index finger of one hand
The syringe can then be held by the other hand, with the index finger
on the plunger and the barrel can be stabilized between the thumb and
3d and 4th fingers The forearm should rest on the table to stabilize
the arm The needle should be introduced into the central part of the
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upper parietal area, with the syringe kept as near horizontal as pos-
sible. It is advisable to inoculate the mice on a metal tray covered
with 2 piece of heavy wrapping paper so that a clean working surface
is available for testing each specimen Once a mouse is laid down on
the working area. it 1s potentially contaminated and must not be put
back info the ether jar The 1moculation should be made into the cerebral
hemsphere at a depth of about | mm below the surface of the brain.
Place the inoculated mouse in a properly labeled box to the side of the
operator and away from the hand holding the syringe in order to avoid
the necessity of crossing the hands, because this might result in catching
the fingers of one hand on the needle attached to the syringe held by
the opposite hand. Bichlonde of mercury solution 0.02 gm. per cent
is a good disinfectant for inactivating rabies virus if any of the tissue
suspension is spilled on the table or floor, It is not necessary to flame
the top of the test tube before removing some of the tissue suspension,
but the top of the tube must be flame-treated properly after such han-
dling. The test tubes used for holding the tissue suspensions must be of
pyrex, without lip, Since the inside of the test tube is contaminated,
the syringe should not be put down inside the tube, rather, fill the
syringe by tipping the tube and putting the needle tip just inside the
opeming to take up the fluid. As the hub of the needle will be held by
the fingers this must not be put against the side of the tube It is
convenient to have some sterile cotton in a jar on the work table, and
if there is an air bubble in the syringe this may be expressed gently into
a thick wad of cotton held over the point of the needle. The contaminated
cotton may be put into the paper bag for burning or into a pan of water
for sterilization 1n boiling water When the test inoculation 1s completed,
the syringe and needle should be placed in an instrument pan for stenliza-
tion in boiling water. The syringe and needle may be ninsed with water
provided that the needle is kept below the surface of the water in order
to avoid producing an zerosol, which 1s dangerous if inhaled and which
might contaminate the working area A small amount of detergent added
to the water makes it easier to clean the instruments after sterilization
in boiling water. The instruments must be subjected to boiling water
for a minimum period of 5 mnutes.

D. OBSERVATION oF INocuraTED MICE

1f the specimen contains rabies virus, some of the mice inoculated
with 1t usually show tremulous muscular activity, inco-ordination, or
paralysis between 6 and 8 days after inoculation Other symptoms in-
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clude humping of the back, ruffing of the fur, and conjunctivitis, Gen-
eralized convulsive seizures are common, and the amimal may die during
such a seizure Most of the muce infected with street rabies virus wili
develop flaccid paralysis of the legs The symptoms of paralysis ord-
narily progress to complete prostration before death

For routine mouse noculation tests it is customary to discard the
surviving mice at the 28th day after inoculation Certan strains of street
rabies virus are charactenized by an incubation pertod of 15 to 20 days
m mice moculated mtracerebrally and in rare instances the incubation
period may be as long as 65 days }

Therefore, 1f the circumstances of the case indicate special handhing,
the mice may be held for 3 months In such cases 1t 1s advisable to
retest the original specimen, using a larger group of mce including infant
mice under 5 days of age 10 addition to mature mice

E H x6 Mouse-B

To remove the bramn from a dead mouse or one killed weth chloroform
after 1t develops symptoms of rabres, place the dead mouse on a small
metal tray covered with a piece of paper towel or heavy wrapping paper,
Wet the head with 70 per cent ethyl alcohol and expose the skull by
reflecting the sk from the mudhne, using forceps and 115 mm. scissors
with curved pomnts Wath another pair of forceps and scissors cut around
the calvarium and so expose and remove the brain Place the bram in
a small petrt dish

F Tuoe Microscoric Seecrricity TEST

The microscopic examuation of mouse brains for Negri bodues 1s
necessary 1n order to establish a diagnosis of rabies Negri bodies will be
found regularly in the brains of mice developing rabies after intracerebral
wnoculation with street rabies virus of canme origin Negn bodies are
found more readily in mice which have been paralyzed for at least 24
hours Prepare an impression of a cross section of the mouse brain on
 glass shde, taken so that 1t will include the hippocampus region of
the brain Stain this while still moist with Sellers’ stain according to the
method descnbed previously.

G Passace anND TITRATION oF THE VIRUS
For passage prepare a 10 per cent suspension of mouse brain tissue
irom the infected mouse, using physiologic salt selution as a diluent
Centnfuge for 10 minutes at 2,000 rpm; save the supernatant fluid
and use for passage. For storage and titration it is preferable to prepare
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upper panetal area, with the syringe kept as near harizontal as pos-
sible. 1t is advisable to inoculate the mice on a metal tray covered
with a piece of heavy wrapping paper so that a clean working surface
1s available for testing each specimen Once a mouse is Jaid down on
the working area, it is potentially contaminated and must not be put
back into the ether jar The inoculation should be made into the cerebral
hemusphere at a depth of about I mm, below the surface of the brain.
Place the moculated mouse in a properly labeled box to the side of the
operator and away from the hand holding the syringe in order to avoid
the necessity of crossing the hands, because this might result in catching
the fingers of one hand on the needle attached to the syringe held by
the opposite hand Bichloride of mercury solution 0.02 gm per cent
is a good disinfectant for inactivating rabies virus if any of the tissue
suspension is spalled on the table or floor It 1s not necessary to flame
the top of the test tube before removing some of the tissue suspension,
but the top of the tube must be flame-treated properly after such han-
dling The test tubes used for holding the tissue suspensions must be of
pyrex, without ip Since the inside of the test tube is contaminated,
the syringe should not be put down inside the tube; rather, fill the
syringe by tipping the tube and putting the needle tip just inside the
opening to take up the fluid, As the hub of the needle will be held by
the fingers this must not be put against the side of the tube. It is
convenient to have some sterle cotton in a jar on the work table, and
if there is an air bubble 1n the syringe this may be expressed gently into
a thick wad of cotton held over the point of the needle The contaminated
cotton may be put into the paper bag for burning or into a pan of water
for sterilization 1n boiling water, When the test inoculation is completed,
the syringe and needle should be placed in an instrument pan for steriliza-
tion in boiling water. The syringe and needle may be rinsed with water
provided that the needle is kept below the surface of the water in order
to avoid producing an aerosol, which 1s dangerous if inhaled and which
might contarmate the working area A small amount of detergent added
to the water makes it easier to clean the instruments after sterthzation
in boiling water. The instruments must be subjected to boiling water
for 2 minimum period of 5 minutes.

D OsservaTioN of Inocutarep Mick

If the specimen contains rabies virus, some of the mice inoculated
with it usually show tremulous muscular activity, inco-ordination, or
paralysis between 6 and 8 days after inoculation. Other symptoms in-
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rodent) may be present 1n bram speamens, and the symptomatology and imcuba-
f10n period of toxoplasmosis i mice moculated wtracerebrally with this parasite
15 sumilar to that produced by rabies virus

J. Tue SErUM-VRUS NEUTRALIZATION TEST

1. Spectficsty tests for rabics vsrus The neutrahzation test 1s not
used for the routine diagnosis of rabies A definite dragnosis of rabies
can be made by demonstrating Negni bodzes m the brain of the naturally
infected host that dies of the disease or in the bramns of mice developing
rabies after ntracerebral inoculation with rabies virus derived from
sahva or from bram or sahvary gland specimens The neutralization test
15 used to check the identsty of brain-fixed strains of rabies virus because
Negr: bodies are not produced in the bramns of ammals infected with
such varieties of rabies virus The owlou fato variety of rabies virus found
n Africa 1s 2 natural vanant of rabres virus which has characteristics
much hke those of the bram-fixed stramns, although the serum-virus

test and the 10n test show that it is street
rabies virus, it produces only the paralytic form of the disease, and Negn
bodies are not found 1n the brains of ammals infected with this virus 32

The of a virus 15 d by com-
paring 1t with a virus strain of known characteristics or an immune serum
prepared by immunization of an ammal with the Pasteur stram of rabies
virus If the animals mmumized with a known rabies virus are resistant
to mfection with an unknown virus, it 13 assumed that they are the same
disease agent In order to identify an unknown virus by the neutraliza-
tion test, titrate the virus in known normal and rabies-immune serum If
the unknown virus 1s neutralized by the rabies-immune serum and not
by the normal control serum, it is assumed to be rabtes This 1s not so
good a proof of 1dentity as a cross-protection test, but 1t s a good method
for the 1dentification of rabies virus which 15 not known ta be neutrahzed
by immune serum prepared by immunization with viruses other than
that of rabies However, 1t must be noted that neutralizing substance
active agawnst rabies virus may be found in the blood of dogs which
have not been immumzed and where there is no known exposure to
rabies 2

2 Preparation and storage of serg Rabies-hyperimmune horse serum
is available commercially for the prophylaus of rabies, and this serum
1s suitable for use in specificity tests for rabies virus For preparation of
standard normal and rabies-hypenimmune serum it 1s preferable to use
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a 20 per cent suspension in physiologic salt solution containing 2 per
cent or more of inactivated normal guinea pig or rabbit serum

For titration prepare a series of 12 by 110 mm pyrex test tubes
and label 10, 102, and so on m 10-fold steps through 1076, If the
stock virus is a 20 per cent suspension, add 1.5 ml of the diluent to the
tube labeled 107! and 2 7 ml. to the other tubes Take 1.5 ml. of the 20
per cent stock virus suspension and add this to the tube labeled 10° to
make a 10 per cent suspension, Mix this by filling and emptying a I m!
pipette 10 times, transfer 03 ml. to the tube labeled 10-2 and discard
the pipette Use a 1 ml. pipette calibrated in 001 ml Mix with a clean
pipette as for the prior tube, transfer 03 ml to the tube labeled 103,
and discard the pipette Subsequently, mix and transfer in this manner
until the series is complete, using a clean pipette for each dilution

For wnoculation of mice begin with the greatest dilution, that is, 10°%,
50 it will be possible to test all dilutions with the same needle and syringe
After completing one dilution empty the syringe into the tube contain-
ing this dilution, then fill and empty once 1n the next more concentrated
dilution before filling and testing mn mice Inoculate at least 4 and pref-
erably 6 mice with each dilution by mjecting 0.03 ml, intracerebrally
as described previously The LDy, of the virus is determined by the
Reed-Muench method as described elsewhere in this book,

H PresErvaTION oF Rastes ViRus

Stock virus should be stored 1n pyrex test tubes. Seal the tubes, using
a natural gas-oxygen torch or an acetylene torch, and store in a mechani
cal refngerator at ~12° C or colder, or in a carbon dioxide ice chest. For
storage at 4° C it 15 best to keep brain and salvary gland specimens in
undiluted glycerol in a pyrex test tube

1. Patiocens OTHER THAN Rasies ViRus o B Rurep Out

Mice moculated wtracerebrally with brain and sabvary gland specimens may
become infected with a varety of specific viruses and ather microorganisras which
produce or and t of tremulous activity, convul-
sions, and paralysis Among the viruses that may be encountered are those of
pseudorabies or Aujeszhy’s disease (cow, pig, rat, and dog), lymphocytic choria-
memngibs (man, rodent, and dog), equne encephalomyelitis (man, horse, and
raule), St Lows (man), virug (rodent), vaccina
yirus (man), ectromehia virus (mice), herpes simplex virus (man), polomyehtis
virus Type 11 (man), and mouse encephalomyehtis virus (ruce). Among bactenal
snfection with the Listerella monocytogenes organism (man, cow, and pig)
onfused with a virus discase Toxoplasma patasites (man, dog, and

diseases,
is commonly ¢
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using 2 diluent of physiologic salt solution containing 2 per cent or more
of inactivated normal guinea pig or rabbit serum It may be necessary
ta passage the virus 2 or 3 times in mice in order to obtain a satisfactory
concentration of wvirus in the bram tissue, It is necessary fo have a
preliminary titration of the virus before attempting a serum-virus neu-
tralization test The instructions for titration of the virus have been
given previously Prepare sufficient stock virus at the time of the pre-
liminary titration so that at least 5 pyrex glass ampules, each containing
2 ml of the 20 per cent suspension, can be glass-sealed and stored i the
mechanical freezer or CO; 1ce chest.

4 Stock virus for the serum-virus meutvahzation test Prepare a stock 20 per
cent tissue suspension of virus as descrbed above and transfer to a 12 by 110 mm
test tube and label $-10-1, that 15, stock varus If stock virus 15 available as a 20
per cent suspension stored frozen, thaw this material and transfer to the tube
labeled S-10-1 Knowing the titer of the virus suspension prepare a sertes of tubes
for 10-fold dilutions, including 1 dilution bevond that producing a 50 per cent
mortality at the time of the prehmunary titration, for example, S-10-2, §-10-3,
§-10-4, 5-10-5, and 5-10-% Add to each tube 27 ml of the diluent of physiclogsc
salt solution contamning 2 per cent serum Transfer 0.3 ml of the suspension from
the tube Iabeled §-10~1 to the tube labeled 5-10-2 and discard the pipette Set this
tube apart from the others until 1t 1s mixed Mix this dilution with a clean pipette
and transfer 03 ml to the tube labeled §-10% Continue in this way, usmg 2 clean
pipette for each 10-fold dilution, until the series 1s complete

5 Preparation of serum-virys mixtures Set up one row of 12 by 75 mm test
tubes for the normal serum control and label N-10-1, N-10-2, etc, through N-10-6
Set up another row of the same kind of tubes for the rabies-immune serum and
Tabel I-10~1, 1-10-2, etc, through 1.10-8 To each tube of the N- series add 63 m)
of the normal control serum and using another clean pipette add 0.3 m! of the
rabies-immune serum to each tube of I- senes The pipettes used for measuring
the serum and the virus dilutions added to the tubes should be graduated in 001 m]

Take 06 m! of the S-10"1 stock virus and measure 03 ml of this mto the
N-10-1 tube of normal serum and 03 ml into the I-10-1 tube of immune serum
Discard this pipette and follow the same procedure with the remanng dilutions
of virus, using a clean prpette for each dilution and adding the varus to the N- senes
tube first When the virus dilutions have been added to the serum tubes, mix by
gently agitating the rack holding the test tubes, then place the rack in a 375* C
water bath, with the water Just covering the part of the tube containing the serum-
vires mixtare, or place the rack 1 an mcubator set at 37 5° C and keep the tubes
at this temperature for 1 hour At the end of this incubation persod place the rack
of tubes in the refrigerator for 1 hour The incubation per od 1s then complete, and
the mixtures must be tested by moculation anto mice

& Testing the scrum-virys muxtures Test the contents of each tube
1n 6 mice, using a dose of 003 m! given by intracerebral inoculation
Complete the immune serum series before testing the normal control
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guinea pigs as a source of serum. Remove the food from the cages which
hold the animals the night before they are to be hled so that a clear serum
specunen may be obtained Take a good supply of normal serum before
proceeding with immunization, The HEP Flury rabies virus at passage
180 or higher does not produce any disease in guinea pigs after mtra-
muscular inoculation ** Therefore, to immunize the guinea pigs give
them each an intramuscular injection of 1,0 ml of a 10 per cent suspen-
sion of chick embryo tissue infected with HEP Flury virus Three weeks
later give each of the animals an intramuscular mjection of 10 ml of a
10 per cent suspension of guinea pig brain tissue infected with the
Pasteur strain of rabies virus. Bleed the inmunized animals 10 days
after the 2d wvirus injection, Another mjection of guinea pig brain
tissue infected with the Pasteur strain of rahies virus, given after a
rest period of 2 or 3 months, will produce a maximum antibody response.
Prepare a stock suspension of the Pasteur strain of rabies virus from
mfected gunea pig brain and store this in the frozen state so that the
same virus suspension will be available for booster immunization,

Tt is preferable to freeze-dry the normal and rabies-immune serum
as soon as it is harvested and to store this matenal in sealed glass am-
pules under an atmosphere of nitrogen at a temperature of 4° C. For
use rehydrate the desiccated serum with an equal volume of double
distilled water It 1s convenent to use vaccine bottles with sleeve-type
rubber stoppers for the storage of serum in the liquid state at 4° C,
so that an aliquot of serum may be removed with a needle and syringe
without opening the container Metthiolate (sodium ethyl mercury thio-
salicylate) may be added as a preservative to a concentration of 1:10,000
for serum to be stored m the hquid state because this chemical substance
has no significant viricidal activity at this dilution and does not appear
to interfere with the serologic tests. However, 1f merthiolate is added
to the rabiestmmune serum, it must be added also to the control normal
serum The virus-neutralzing activity of rabwes-immune serum stored
in the hquid state at 4° C ordinanly persists for several years Serum
to be stored frozen should be inactivated by exposure to a temperature
of 56° C. for 30 minutes before 1t is frozen, Complement and enzymes
which are present in the serum become inactivated in a few days at 4° C
or in a few weeks at —20° C The pH of the serum changes from 7.4
10 8 § overnight when stored in a cotton-stoppered test tube as the CO2
in the serum reaches an equilibrium with the air.

3. Preliminary titratwon of the unknown virus Prepare a 20 per
cent suspension of mouse brain tissue mnfected with the unknown virus,
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the rabies virus and therefore show specnﬁc neutralization by rables-
immune serum, whereas the mice inoculated with the more
suspensions of the virus mixture die of the mouse disease

9 Dilutions of serum versus constant amount of virus This method of per-
forming a test 15 for testing the potency
of rabies jmmune serum Knowing the titer of the stock Pastetr strain rabres virus
as determned by previous titration, dilute the virus suspenston so that 003 ml
w11l contan 200 LDyq, that 15, double the concentration which i 2 log dilutions
more concentrated than that producing a 50 per cent mortalty 1n mice When this
1 mited with an equal volume of Serum or serum ditution, B3 ml will contain
100 LDyg of virus Table 3 shows the results of a cross neutralzation test of a

TABLE 3
Cross-NevTRALIZATION TEST, VArrzize BaT ViRus—PasteUr Rasies Virus
LDw1n 003 ml of
erum Virus
Mixture 11
Serum Mouse Mortalty®
Dhtutian,
Serum Tested |  Standard Virss | 100LD, | 10LD,

10° 055
Vampire bat virus-immune| 1071 [Vampre bat virus 0/6
10t 16
102 4/6
10 0/6
Vampire bat virus-immune| 10} [Pasteur rabues virus 0/6
107 /6
10t 0/6

Normal serum 10°  IPasteur rabies virus 6/6 7
10° 0/6
Pasteur rabiesnmmune 161 [Pastenr rabres virus 0/6
10-¢ 0/6
10* 0/6
107 0/6
Pasteur rabies-ammune 107!\ ampire bat vitus 1/6
107* 1/6
107 /6

‘Normal serum 10°  |Vampire bat virus 6/6 6/6

* Results are shown in the Jorm of fractions, With the numerator reg
] presenung the
number of mice that died § or more days after 1oTulation and fhe denominator repre.
seoting the total number of ammals used
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serum series. One syringe and needle may be used for the immune serum
series provided that the testmg 15 done by starting with the maximum
virus dilution and working backward to the most concentrated virus
suspension, When changing dilutions, empty the syringe mto the tube
from which it was filled, then fill and empty once in the next serum-
virus mixture before filltng for test inoculation, working backward to the
1-107 tube Another syringe and needle must be used for the normal
serum-virus mixtures, which are tested last, begin with the maximum
dilutzon of virus and continue 1n 10-fold increments to the N-1071 tube.

7. Observing inoculated mice and recording results Hold the surviv-
1mg noculated mice for a period of 21 days before terminating the test
and recording the mortality Record the results as shown m the sample
protocol given below

Mouse LDz
Mortahty Ratio of Mice Inoculated [LDy Titer| of Virus
Serum with Serum and Dilutions of Virus | of Virus | Neutrahzed
1071 | 10-2 | 10~3 | 10¢ | 10-5 | 108
Normal (W) 6/6 | 6/6 | 6/6 | 6/6 | 3/6 | 0/6 10-5* —_
Rabes mmune (I} | 0/6 | 0/6 | 0/5 | 0/6 | 0/6 <10t >10,000¢

* Loganithmic calculation of titer by the Reed-Muench 5O per cent end pomt method

t Antilogarithm of 10-3, the differcnce between 10-1 and 10-5

8 Interpretation of the serum-virus neutralization test If the un-
known virus is rabies, the difference in titer in normal versus rabies-
immune serum will be at least two 10-fold dilutions, that is, more than
1001LD;, If the difference in titer is less than 2 O log, 1t is almost certan
that the unknown virus is not that of rabies Titration of a Pasteur stramn
of rabies virus 1n the normal and rabies-immune setum is an added check
on the unknown virus and the quality of the rabies-immune serum

Rabies virus mamntamed in mice may be lost and replaced by another
virus such as mouse encephalomyelitis virus Most vaneties of mouse
encephalomyelitis virus usually produce symptoms somewhat earhier than
the brain-fixed rabies virus, that 1s, on the 2d or 3d day So-called “highly
nvasive” strains of mouse passage rabies virus which overwhelm the
smmumty produced by vaccination with rabies vaccine must be checked
for the presence of mouse encephalomyelitis virus, A single subpaS§uge
through rabbits will remove the mouse disease The mouse dlseas'e virus
is not apt to be present in high titer. Hence the higher dilutions of
mouse brain contaming both vituses may produce infection only with
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virus injected by the same route.)® Therefore, mice of this age may be
mmunized by a single intracerebral wnjection of HEP Flury rabies virus.
The immunization of the muce is accomplished by intracerebral injec-
tion of 003 ml of a 10 per cent suspension of whole chick embryo in-
fected with the HEP Flury rabies virus For passage in chick embryos,
aninjection of 0.25 ml of a 20 per cent suspension of whole chick embryo
from a prior passage is given by the yolk sac to embryos 7 days of age,
and these are incubated at 36 5° C. for 9 or 10 days before the embryos
are harvested To perform a cross-protection test, immunize at least 24
mice, and 3 weeks later challenge half of these with the virus in question
and the other half with the Pasteur straun of rabtes virus Use a 10 per
cent suspension of infected mouse brain as the challenge virus and give
003 ml by intracerebral mjection A like number of control mice of the
same age must be tested with the 2 viruses in parallel with the immumzed
mice Inoculate the immunized mice first Mice may be immunized agarnst
tabies by vaccination with killed-virus rabies vaccine according to the
method developed for testing the potency of rabies vaccine 33

L Tue CoMPLEMENT FIXATION TEST
The complement fivation test with mouse brain antigen, as described
elsewhete 1n this book, can be apphed to the identification of rabies
virus Blood serum from gumea pigs vaccmated for the production of
rables-immune serum, as described previously, 1s surtable for use 1n the
complement fixation test,
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street rabies virus of vampire bat onigin, compared with a Pasteur stram of rabes
wirus when a fixed amount of virus and dilutions of serum are used 8

It will be noted that both tmmune sera seemed to be more effectave mn neutralz-
mg the Pasteur rabies virus than the street rabies virus This result is to be expected
when comparing high mouse passage and low mouse passage varieties of rabies virus

‘The percentage dilution of the stock 20 per cent virus suspension to be used
as the standard virus can be calenlated by nterpolating the logarithmic figure ob-
taned from the titrat on of the virus For example, 1f the mouse LDy, of the virus
15 1055 by 003 ml when tested as a 10 per cent suspension, the same amount of a
10-3 5 dilutson will contamn 100 LDyq, a difference of 2 logs, and the 10-3 3 dilution
of the 20 per cent tissue suspencion will contain 200 LDgq per 003 ml

Set up 2 tubes for the normal serum control. Label one NS-10° for the un-
diluted serum and the other NS-10-1 for the 10-fold dilution of the normal serum
Test the rabies-immune serum undituted and in senial 10-fold dilutions through
103 and label these I8-100, 1S-10-1, 1S-10-2, and 18-10-2 Use 03 ml of serum or
serum dilution for the test Prepare the 10-fold dalutions of serum by transferrnng 05
ml to4 5ml of physiologic salt solution For more accurate measurement of the anti-
body content of rabies-immune serum, test also half-log dilutions of serum, To do
this prepare an alternate senies of tubes labeled IS-10-0 5, IS.10-1 5, and IS-10-2%,
each contawning 2 16 ml of physiologic salt solution Take 15 ml of serum or serum
dilution and 2dd 05 m} to the next 10-fold dilution containmg 4 § ml diluent and
1ml to the next half log tube contaming 2 16 m! diduent, Do not mix the half-log
dilutions unti] the 10-fold dilutions ate complete Begmming with the highest dilution
of the half-log series work backward and mix each dilution with the same pipette
Measure 03 ml of the standard virus into each tube of serum or serum dilution
beginmng with the normal serum control Incubate the serum-virus mistures 85
described previously and test by moculation intracerebrally inte mice, begmming
with the immune serum series

As an additional virus control, test the standard virus d luted with an equal
volume of physologic salt solution contaming 2 per cent serum and label this tube
VC-100 or 100 LDy, Prepare two 10-fold dilutions of this viras suspension by
transfer of 0.3 ml to 27 ml of the diluent to obtain the VC-10 and VC-1; that s,
the 10 and 1 LDy, dilutions

K TrE Cross-ProtecTION TEST

The cross-protection test is the best method of determning the re-
fationship of 2 viruses If immunization with 1 virus produces resistance
to infection with another virus, they are classified as the same disease
agent, Further classification depends on tests of pathogemcity for various
experimental hosts and on the ability of the vitus ta invade the tissues
of natural and experimental hosts

Mice inoculated intracerebrally at the age of 4 to 6 weeks with the
HEP Flury rabies virus at passage 180 or higher do not sicken or z'ine
but are resistant to mfection with the more pathogenic vaneties of rabies
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greater concentrations of specific antibody in convalescent phase sera
than 1n samples taken during the early stages of illness, Serologic meth-
ods are technically simpler and are therefore used routinely, but diagnosis
is not obtained untyl after the patsent 1s well Techmes of virus isolation
and identification are not difficult, however, and can be performed in
the vsual bactenologic Jaboratory.

Many vanations of serologic and isolation methods ave used but,
1n the interest of clanty, only one dependable technic will be described
m detail for each procedure

II DIAGNOSIS OF INFLUENZA BY [SOLATION
OF THE VIRUS

A CoLLECTION OF SPLCIMENS

For the 1solation of influenza virus from the acutely ill patient,
phatyngeal washings are used Optimally, the washings should be ob-
tained during the first 3 days of iliness and while the patient is still
febrile, although virus has been recovered as long as 7 days after onset.
The patient should gargle not once, but 2 to 3 times, with 10 to 15 ml
of diluent (broth, skimmed mlk, or distilled water) in a paper cup
Some i{nfective matertal may be brought from the trachea mto the
pharynx if the patient will cough after garging, The washings should
be transferred to a closed tube for transportation to the laboratory and
tested as soon as possible, 1f a delay of a few hours 15 necessary, the
fluid should be kept chilled at refngerator temperatures When longer
penods of storage are unavoidable, the washing should be quickly frozen
and stored at temperatures near ~76° C but not so high as ~20¢ C
since virus detenorates rapidly at this temperature3 Washings bave been
preserved and shipped 1 glycerol, but this 15 not 1deal Virus will re-
main active m throat washings m broth (to which penicillin and strepto-
myein have been added) which have been stored at 4° C for 2 tonsider-
able length of time

B IsorarioN oF VIrus By Amniomc Sac INocULaTion
Since 19404 influenza virus has been known to grow well when in-
oculated mto the ammiotic sac of the embryonated egg so that this is now
considered the most sensitive method for detection of virus in human
throat washings. Although several methods of amniotic inoculation
have been developed®? the window technic® with various modifications
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I INTRODUCTION

NFLUENZA is an acute infection of the respiratory tract, with an
mcubation period of 1 to 2 days charactenzed by sudden onset,
chills, fever, and general aches and pams® In comparison with the
constitutional reaction, the respiratory symptoms and signs are com-
monly slight, at least m the early stages. There is often a moderate
leukopema The acute course is usually of 3 to 4 days’ duration unless
bacterial complications occur. It is difficult to differentiate clinically the
single case of influenza from other acute respiratory illnesses in the
early stages, but groups of cases can often be suspected from the dif-

ferences in clinical fons Infl 15 usually ized only
when eprdemics occur. In mulitary installations the occurrence of out-
breaks of illness with this sy in seasoned p 1 as

well as in recruits is istic of ep

The agents causing mfluenza are viruses that exert their primary
pathologic effect in damaging the epithehal cells of the respiratory tract.
Virus can be recovered from respiratory secretions or sashings with
comparative ease during the acute phase of illness

Three distinct immunologic types of influenza virus have been
1dentified Type A® has been related to the most extensive and severe
outbreaks Type B* 15 also iatd with wid d epidemic disease
although localized p and sporadic i appear to be more
common than with Type A Type C2225 has been encountered pri-
marily in sporadic cases or limited outbreaks of mild illness, but antibody
studres demonstrate that the infection 1s widespread The possibility bas
been suggested that a virus 1solated in Japan from pneumonitis of the
newborn 2% may be a Type D influenza virus 26, antibodies to it have
been demonstrated 1n the general population, but its classification is not
yet fully established Serologic responses to Types A, B, and C are
sharply type-specific with no evidence of cross reactions; this specificity

must be idered in di work N , marked variation has
occurred with Type A strains, those first recognized in 1947 have been
B i e e e R ctrains.

will usually exhibit their relationship if hyperimmune ammal setd ul
acute and convalescent human sera of known antibody titers are used
Diagnostic procedures include isolation of the virus or detection of
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closed immediately with cellophane tape. At least 6 eggs should be in-
oculated with each throat washing to increase the probability of success
and should be mcubated window side up at 35° C Care should be taken
11 handling to avoud contact of the fluids with the sealing cellophane tape.

4. Harvesting of ammwotic flisd Positive results may be obtamed as
early as 48 hours after moculation, but as a rule more fluids will yseld
virus after 3 days The cellophane 1s meistened with 70 per cent alcohol
and stripped off The eggshell above the dropped chorioallantoss 1s cut
away with small scissors or may be picked off with forceps The allantoic
flund 15 aspirated or poured off and 1s usually not tested for hemagglu-
tinins The ammiotic sac 15 picked up with forceps, and the fluid contents
aspirated with an 18-gauge needle fitted on a 5 ml, syringe or with a
pipette and rubber mpple This often requires patience and ingenuty
since the volume of flud 15 usually small and may be pocketed below the
embryo Sometimes no fluid 1s present, in which case the cavity should
be washed out with 1 0 ml of buffered saline or broth

5. Testmg of flmds for hemaggiutinating activity ®® Since ammiotic
flnnd 1s very viscous and frequently contams debris (especially after the
13th to 14th day of incubation}, it often gives false positive agglutination
patterns when used 1n low dilutions Therefore, the fluid should be di-
luted 10 times by mrung 0 2 ml with 1 8 ml salme Alquots of 05 mi
are distributed 1n 4 tubes (Kahn, 12 by 75 mm ) with evenly rounded
bottoms Saline suspensions of washed chicken erythrocytes (05 ml of
05 per cent by volume) are added to 2 of the tubes and to the other 2
tubes a ssmilar volume of 1 0 per cent guinea mg red blood cells or human
cells A saline control should be mcluded The cells should be thoroughly
dispersed n suspension by shakitig One set of tubes containing chicken
zad guinea pig cells, respectively, 15 set at room temperature (22°C ),
the other in the refrigerator at 4°C, for 45 to 60 minutes In the saline
control tubes the red cells will have settled down to a small, sharply
outlined button and will flow when the rack s tilted If sufficient virus 1s
present the agglutinated cells, as they settle, will cover the entire bottom
m a uniform film, sometimes with characteristically serrated edges of
quite typical appearance (Figs 1and 2) With influenza virus of Types
A or B the chicken or guinea pig cells at either temperature may
show the positive reaction, whereas with influenza C virus only the
chucken erythrocytes at 4° C will be positive Influenza A steains often
agglutinate only guinea pig cells upon 1solation,!® but B strams usually
agglutinate cells from both ammals
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is most widely used because it is the surest means of proper inoculation

1. Preparation of eggs. Fertile eggs that have been incubated for 10
days are usually employed, The eggs should be candled with embryo
uppermost, and the area over the embryo marked, A rectangular area
about 10 by 20 mm 1s lightly scored with a drill over the marked area
and centered over the longitudinal dimension of the egg A small wedge-
shaped sector 1s cut in the rectangle, around which the eggshell is
carefully cut through to the eggshell membrane, care taken to avoid
hemorrhage. This should be done shortly before inoculation, and the shell
swabbed with 70 per cent alcohol The small triangular piece of shell is
carefully removed first with a dissecting needle or fine forceps so as not to
puncture the underlying memhrane A hole is punched through the shelt
at the air sac end A drop of stenle saline may be placed on the exposed
eggshell membrane to reduce trauma. A hole 1s teased in this membrane
with a sharp needle, without % the choricallantoi b
By applyimng gentle suction with a rubber bulb over the air sac hole, the
chorioallantoic membrane will drop with removal of air from the air sac |
and with introduction of air through the hole at the operation site. After
the membrane has dropped, the rest of the scored area is cut away with
scissors or forceps

2. Preparation of inoculum The inoculum 1s prepared by mixing
untreated throat washings with sufficient penicillin to bring the concen-
tration to approximately 500 units per m! and streptomycin to provide 2
level of about 125 pg. per ml, Injections of this preparation may be
made with tuberculin syringes fitted with half-inch 24- to 26-gauge
needles.

3. Inoculation into the emmotic sac The amniotic sac sutrounds
the embryo and lies under the choricallantoic membrane In order to
gain entrance to this cavity, the ammotic membrane should be pulled out
through a hole in the chorioallantois With small forceps a hole is forced
through an lar area of the chorioall and the elastic amniotic
membrane picked up and pulled out into a long nipple-like protrusion,
narrow at the base The needle is inserted at the base of the nipple, and
01 t00.2 ml of washing is injected If some air from the syringe is also

injected, the path of the bubbles will indicate whether the injection was
into the proper cavity If by mistake the mnoculation is made into the
chotioallantoic cavity, the bubbles will not remain localized but will float
off to the side. When the amniotic membrane js released it will retum to
its original site. After inoculation the window in the shell should be
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titers are used, repeated injections may be necessary. Animals may be
bled {rom the heart 10 to 21 days after injection Some difficulty may be

d i obtaini i P of serum: fram chicken
blood. It 1s supgested that the clot be cut into small preces and allowed
o stand overmght m the icebox and then § to 6 hours at room fempera.
ture A high level of antibody is desirable, and the antiserum should
titrate approumately I 500 by the hemagglutmation-mingition pattern
method The preimmumzation sera should not be inhibitory at a diution
of 1 32 Higher titers of antibody may be obtawned by hyperimmunizing
animals with several injections The seza wall gne more strain-speafic
results, however, 1f the animals are bled 10 to 14 days after a sigle in-
jection Sera may be stored in the fhwid state with or without merthiolate,
ot drsed from the frozen state in { ml ameunts and kept at 4° C

€ Orier Merrovs ror DETECTION oF INPLUERZA ViRUS
1~ Turoar Wasnines

Several ofhes ammals and hissues are susceptible te inlection with infuenza
wiruses and have been used successfully to demonsteate wirus 1o throat washings
Ferrets, bamsters,)® and mice may be tmiected by intranassl woculatians Esidence
for 1nfection 15 obtaned by serologic response or lung lestons and death, or subse-
quent smotufation of turbinate and tueg suspensiops 1ato tmbry onated eggs.

Isolations can also be achieved by the ose of tissue culture techmcs, moluding
munced chuck embryald or chonoallantose membranet$ and movkey ladoey cal-
fures 13

Other technucs bave been advanced as srreemwg devices or tools for more raped
dagnosts These include {2} attempts to detect hemagglutining 1 throst wash~
tngs, 3837 (B} assays of normal mhsbitory maternals 1 sahva,!8 and (c) the use of
c3talogie stantng methods to deraonstrate viead antigen 1% 30 None s yet 1 general
use, Bow ever

fII DIAGNOSIS BY SEROLOGY

A Gensrar CoNSIWERATIONS

Serologw methods depend on the stimulation of antibody production
during mfection with influenza virus Since most persons have influenza
antibodies resulting from previous antigenic experiences, it is necessary
16 compare concentrations of antibody m the acute and convalescent
phase seea (0 determune whether there has heen an werease in titer The
Ist serum sample should be taken not later than the Sth day of disease
and the 2d specimen at teast 10 days after anset The nse antibedy
siter may be measured on pawed sera in several ways: by hemagglutina-
tion-intubition and complement fixation tests o by sevtrabization in mice
or embryonated eggs.
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It is possible to reach a rapid presumptive diagnosis of the type of
mfluenza virus with these primary agglutination tests as follows.

4°C, 22°C.
Guinea Gumea
Chick Pyg Chick Pig
A =+ + = +
B + + + +

[ -+ — -
6 Treatment of flurds. If fluids of the initial passage are negative or
questionable, a further passage is indicated and justified. Pooled amniotic
fluids should be moculated into the ammotic sac of 10-day-old embryo-
nated eggs. Antibotics should again be added to the passage fluids. More
than 2 or 3 negative passages are usually not profitable. Positive fluids
should be checked by (2) subimoculation, using the allantoic or amniotic
routes, and (b) serologic 1dentification
(a) Subinoculation If Type C virus is suspected on the basis of
cells agglutinated, the ammotic route is necessary for subinoculation;
however, strains of Type A or B usually grow well 1n the allantoic cavity
after pnimary passage The passage fluds are diluted 10-% or 107 in the
selected diluent with penicillin and streptomycin added.
(b) Serologic identification or typing of strains, Normal and im-
mune phase sera prepared agamst strains of each antigenic type are
diluted and tested with standard amounts of virus antigen as described
in sections ITI B and III D Specific reactions with the antisera indicate
the antigenic type of the isolate Occasionally isolates do not react well
with antibedy?! and must be passaged several times in the Iaboratory
before typing can be achieved Suitable typing sera may be prepared,
using ferrets, hamsters, mice, rabbits, or chickens. Pared human sera
with type-specific antibody rises against one antigenic type of influenza
virus, and very low titers of activity against strains of other types can
also be employed. Antisera may be prepared in animals susceptible to
infection (ferret, hamster, and mouse) by intranasal inoculation of
dilutions of infected allantorc flnd After two weeks, samples of blood
are obtained and the sera are separated from the clots To jmmunize
rabbits and chickens, allantoic flurds containing an approximate bemag-
glutinin titer of 1320 or greater are desirable, After prelimmary
bleeding, the ammals are injected with 2.5 ml. to 5.0 ml. intravenous}y
and 5 to 10 ml intraperitoneally When fluids with lower bemagglutinin
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the eggshell at the air sac end The hole 1s ground with a round burt fitted i a dental
dnll o utility tool or 15 punched with a blunt dissecting needle or diamond-pomnt
penc?! Tnoculum 1s myected with & 1-inch, 23-gauge needle, and the hole sealed
with melted parafin After meubation for at least 48 howrs at 35° € allantonc
Buds are harvested with pipettes or syringe and needle Fluids from several eggs
are pooled and clarified by low speed centnfugation

b Titration of virus In the test to be described, a standard concen-
tration of hemagglutinin 1s used to test different dilutions of serum
Therefore, it 1s necessary to know the strength of the hemagglutinmn in
the virus suspension and to adjust by dilution to obtamn the standard
amount of activity to be added to the serum

Senal 2-fold dilutions are made by mixing 0 5 ml volumes of virus
with 05 ml saline, using a separate pipette for the mixing and transfer
of 05 ml of dilution to each subsequent tube and carrying the dilution
sertes through 8 to 10 tubes * Then 0 5 ml of a 0 § per cent red cell sus-
pension 15 added, and the rack of tubes shaken to obtain an evenly dis-
persed suspension Racks are allowed to stand at room temperature
{temperatures above 26° C should be avaided if possible) until the cells
1n the saline contro} tubes have settled Without disturbing the individual
tubes, the results are read by examining the bottoms of the tubes in the
respective series Individual tubes are usually graded as positive or nega-
uve Usually the end points are sharp, going from a diffuse film mn one
tube to a completely negative, sharply outlined button m the next (Fig
1) When partial agglatination does occur, 1t may be declared negative
or may be used to interpolate the titer as being halfway between the 2
dilutions Thas calls for some judgment, and subjective standard sheuld
be constant The ditution of virus suspensions in the last positive tube is
considered to be the titer, and this dilutton therefore contains 1 aggluti-
nating umt Titer is expressed as the ratio of allantoic fluid to diluent

Ahbn mpd e T oo

SaLao B

¢ Preparation of standardized antigen The suspensions of strains
are diluted with saline so that each contains 4 hemagglutinating umts per
025 ml Swnce the preliminary utrations are carried out with 05 mi
volumes, it 15 necessary to adjust the concentration of virus to permit

* Tubes should be similar 1 size to the habn tube (13 by 75 mm ) with
hemuspheric bottom The support should be ¢ it S
D ibe tooe o The support should be 2 wire rack with iesh botiom to permit observas
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B Szrowocic MetHops EupioviNe Reb Crly AcGLuTivation

The ability of inft virus to aggl red cells ishes a
basis for measuring antibodies, sice the virus when mixed with specific
antibody is no longer capable of agglutivating erythrocytes The reaction
is referred to as hemagglutination-inhibition This method for dsagnosis
gives results with human sera which correlate wel! with complement five-
t1on and i vivo neutsalization studies and is simples to perform than the
other tests There are two general ways of demonstrating agglutination
and tts intubition, () the pattern test of Satk®, and (5) the densito-
metric method described by Hirst and Puckels 22 The first will be de-
scribed 1n greater detas as it 1s most suited for use in a general laboratory.

1. The pattern methed "There are numerous modificstions requiring
vanous types of containers, different volumes and concentrations of
rexgents, and so on The procedure to be described first in detai has been
developed for routme use at the School of Public Health of the University
of Wichigan ang represents, wath few modificatsons, the method suggested
by the C on Standard logical Proced in Influenza
Studses *

2 Reagents and materials,

1) Ecythrecytes The most satisfactory are red cells from an adult chicken,
obtamed from the heart or 2 wing vem, ot by coliecung at an abattoic The syringe
or receptacle shauld contan about a 1/$ volume of 3 per cent sodium atrate t0
prevent elotting The cells should be washed at Jeast 3 tumes w2 to 3 volumes of
salime to remove plasma elements The final ceptnifugation should be for 10 wnnytes
at 1,500 rpm Cells are dituted to §0 per cent suspensions, by velume, and stored at
4* € They termam nsable w ths state from 5 to 7 days Blood may be stored for
Tonger pertods when mexed with an equal volume of Alsever's solution \When it is
not convenient o use avian cells, hurnan esythrotytes may be substtated (Type O
to avoid blood group reachions) and treated 1 the same manner except that Jonger
centnifugstion 1s pecessary The concentration used an the test 15 05 per cent (10
1 of the stock 3O per cemt suspension with 195 of sahne)

{2) Vuus suspenston InBuenza viruses of Types A and B have most com-
monty caused epderucs Anthadies produced aganst strans of ane type do nat
react wath the other It 1s necessary, herefore, %o melude strams of each type
for serologic dhagnosis Almost every laboratory engaged mn actiwe research it
infuenza has a different set of prototype strans These usually tonwst of an
ider Type A strain suth as PRE, wolated 1n 1934, and more recently wolaied
Strains~FM1-1947, Epplond 1283, or Malaya-1934—and Typs B strasms sech 28
YLee (1030} and Alien {1945) or Great Lakes (1954) Type C stran may be cluded

Strams of virus are cultured n the allantow sac of embryonated exgs that have

been ncabated at 37° C for 35 days Seed v.rus is diluted 10" to 10 1n nutneat
broth or sahine, and Ot mt woculated med the allantorc cavity through & hole in
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heat labile materials 1n the serum, with no marked lowering of antibody
levels Trypsin 1s not stable at this hydrogen ion concentration, and the
usual practice s to prepare fresh solutions for each day’s work The
powdered trypsin preparation goes into the solution slowly, and first an
opalescent suspension 1s obtaned After repeated shaking at intervals
of a few minutes, a crystal clear solution will be obtained, a stage wm-
portant to reach, for a satisfactory digestion reagent.

Since diagnostic nises i antibody titer may be observed without
treatment of sera in most cases, some prefer to remove nonspecific in-
hibitors only from those paired sera wath which a rise n titer had not
been observed in prelminary tests This 1s considered a labor-saving
device when large numbers of sera are under test All sera are heated
routinely at 56° C for 30 minutes, however, to destroy heat labile mate-
rials which may cause hemolysis of cells 1n the test

e Dilution of sera Acute and cenvalescent paired sera must be
tested at the same time, and 1t 1s most convenient to test them against
several stramns of virus by making dilutions 1n volumes adequate for
distribution to the required number of tubes Two-fold dilutiens of serum,
025 ml per dilution, are made, using the same type of test tubes em-
ployed for the hemagglutinin titration The usual imtial serum dilution
is at least 1 8, although other dilutions are tested when retitrations ap-
pear warranted to demonstrate antihody nises If titrattons were to include
tests with 6 strains the operating procedure would be as follows:

(1) Treat 045 ml serum with 023 ml trypsin when inhibator re-
moval 1s necessary, otherwise only heat at 56° C. for 30 minutes, Then
bring to a total volume of 3 6 ml with buffered saline to make an initial
dilutonof 1 8

{2) Setup 6 racks, each holding a series of 10 tubes.

(3) In1of theracksadd 1 § m! of salhne to each of the last 9 tubes

(4) Distnbute 25 ml of the 1 § dilution of serum to the st tube in
each series,

{5) Transfer 1 § ml tothe 1st dilution blank

{6) After thorough mixing, distribute the 2d dilution to the 2d tube
In each series and tsansfer 15 ml to the 3d tube i the dilution series,
This should leave 0 25 ml. in the working tube

(7) Continue the progression and discard the extra 1,5 ml, from the
last ditution tube

{8) The serum remaiming i the onginal tube should be the serum
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the use of 4 units in 2 0 25 ml volume. For example, if the titer of the
virus suspension was 1.640 in 0 5 ml. volume (and by definition contains
1 unit at that dilution), then a 1:160 dilution would provide 4 units per
0.5 ml. A dilution of 1:80 would be the correct dilution to be made,
however, so that 4 units are contained in 0.25 m] The necessary dilution
to be made then can be quickly calculated by the formula:

Reczprocal of titer of varus suspension _

B

Since the titer may vary with different lots of red cells and some
mistake in dilution may have occurred, it is advisable to retitrate the
test dilution to make certain the correct amount of hemagglutinin activity
is added to the test This s performed by makmg serial 2-fold dlutions,
mixing 05 ml of the prepared dilution i § tubes with 0.5 ml. saline
blanks and adding 0 5 ml of the 0.5 per cent red cell suspension to be
used on the day of the test After settling, the first 3 tubes of the series
should show the posittve pattern and the last 2 tubes should be negative
indicating that there are 8 umts per 0.5 ml. or 4 units per 0 25 ml. in the
test suspension The virus concentration may need to be adjusted by
dilution (1f more than 3 tubes were positive), or by addition of more
virus (if less than 3 tubes were positive)

d Treatment of sera, Tt 1s now clear that unless some paired sera
are treated for destruction or removal of nonantibody inbitory mate-
rials, the tree antibody levels may be obscured and no rise in titer ob-
served.?” Here again a number of methods are available mcluding
digestion with trypsin®S or Vibrio cholerae filtrates! or incubation with
solutions of periodate.® Of these, the digestion with trypsin will be
described 1n detail since this method appears quite efficrent Commercial
preparations of trypsin are readily obtained, and a standard amount of
enzymatic activity can easily be added to each test. Details concerning
the preparation and use of active filtrates from cultures of Vibrio cholerae
are given in the World Health Organization Technical Report Series ™

‘The use of trypsin to destroy nonspecific inhibitors in sera was first
reported by Sampaio and Isaacs,”® using a highly purified crystalline prep-
aration. Subsequently, less purified commerctal trypsin (Difco) has been
demonstrated to be equally effective The current operating procedure
is as follows, for each 1 ml. of serum, add 4 mg. of trypsim dissolved ifl
05 ml of 0.1 M phosphate buffer, pH 8 2 The trypsin-serum misture is
smmediately incubated at 56° C for 30 mmutes During this time the
trypsin digests the mhibitors and is itself heat-inactivated, as are the other

antigen dilution
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stram constitutes the basts for diagnosis of nfluenza nfection wath a stran of the
corresponding antigenic type

(5) Interpretations of diagnostic nses may also be mfluenced by recent -
fluenzal vaccination experience If the patient has been vaccmated recently, the nse
demonstrated with the 2 specimens may only ndwcate msing titer from vaccine
stimulus This 15 especaally true when an adjuvant vaccme has been given,31 where
antibody titer may contsnue to nse from 4 to 6 weeks after immunization In these
cases complement fixation tests with “soluble antigen” may differentiate antibody
stimulated during illness from the vaccmated response

{6) It1» desurable to include standard human sera m each day'’s test with known
tuters of antibody for the test strans Although not absolutely necessary for diag-
nostic purposes, 1t does provide a reference pomt and permits comparisons of titers
found 1n various sera on successive days When even greater precision of measure-
ment 1s desired, each serum may be titrated 1n quadruplicate, or fractional dilutions
of sera m steps of 01 log umit may be tested 32

(7) When a large number of tests are to be performed, some mechanical device
for delivering sahine, virus suspensions, and red cells 15 of great assistance A me-
chaneal prpetting machimne exther of the hand-operated synnge type (B-D Cornwall
syringe) or a motor-driven type may be used

{8) Human O type tells may be sobstrtuted for avian cells, although their use
makes shght changes m techme necessary The human cells settle more slowly, and
one must wait longer (60 to 75 minutes) for the cells to sediment before reading
the test

h  Other pattern methods

Several useful modifications of this techme have been developed re-
cently and will be described briefly

(1) Use of depression plate Dilutions are carned out as described in
precedmng sections and distributed to cups in plastic plates or made ds-
rectly mn these plates 3331 The greatest value of this device lies 1n avoid-
ing the necessity of individual glass test tubes and in ease of handling and
cleaning the plates when the test has been completed

(2) Use of constant serum with different dilutions of virus 333536
Some prefer to add a single dilution of serum (for example, 1 100 nitial
dilution) to different dilutions of virus The end pomnt 15 then read 1
terms of the numbers of hemagglutinating units ihibated by the prepared
dilution of serum This procedure provides a rapid screening device
Titers obtained are somewhat different from those found with the in-
verse method

2 The densitometric method This method employs an indirect
means of measuring agglutnation in which the density of unagglutinated
cells 15 measured with a photometer The transverse density of a column
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control to which no virus will be added If agglutination occurs in this
tube, 1t may be necessary to absorb agglutinins from the serum with
erythrocytes,

Several sera can be diluted and distributed in each rack so that
the same virps antigen can be added to the entire rack,

f The test. When all sera have been diluted and distributed, 025
ml of the adjusted virus suspension 1s added to each series, and the
racks are shaken vigorously and allowed to stand at room temperature
for 30 nunutes (Serum control tubes should receive 025 ml. of saline
mnstead of virus ) The suspension of chicken erythrocytes (0 § per cent}
1s then added 1n 0 5 ml volume to all tubes and then mixed by shaking the
racks to ensure even dispersal of red cells The tests are incubated at
room temperatures (20° to 26° C) (Antibody levels against strains of
Type C influenza virus are determuned in the same manner except hemag-
glutination tests are incubated at 4° to 6° C) When the cells in the
control tubes have settled to a distinct button, it 1s time to read the test,
usually in 45 to 60 minutes The tests are read in the same manner as
the hemagglutinin trtration, and end points are usually sharp (Fig 2)
The titer of the serum 15 the final dilution of serum 1n the last negative
tube

g General considerations

(1) The serologic end pomts ate usually sharp and unequivocal, but with some
strams the end pomts may be more confusing since all strains are not ideal for this
techme This 1s especrally true with many recently 1solated stramns that have not
had repeated laboratory passage Again, some subjective standards for interpteta-
tion must be assumed and held constant

(2) The mcubation period before reading of tests may be vaned over 2 wide
interval without marked alteration of the results If the tests stand too long, how-
ever, many of the patterns formed begm to d sappear so that for maumal clanty
the tests should be read as soon as the cells have scttled out w control tubes This
15 especially true durng the summer months m high room temperatures Tests
should then be mcubated mn refrigerated rooms or wn water baths mantained at 17°
10 20° C with xce cubes

{3) A dagnostic nse in antibody titer between acute and convalescent speci-
1mens should be 4-fold or greater m magmtude, to be certanly vald From general
considerstions of the manner 1 which the test 15 read, it seems doubtful that 2
2-fold rise has very high vahdity 1n a diagnostic sense Titers encountered may vary
from less than 1 32 to 16,384 (final serum dilutions)

e 113t aeanted That 15

series of strams as suggested 1n @ previbus section bignificant rise in titer 1ol wiy
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these and other preparations may be found in the Weorld Healtk Organi-
zation Tecknical Report Series, by the Expert Committee on Influenza
of that organization 3

The detailed procedure for the complement fixation test given below
is the unaltered set of laboratory directions prepared by Dr. Edwin H.
Lennette, at the Viral and Rickettsial Disease Labaratory, Cahfornia
State Department of Poblic Health, and is tbe standard technic used 1n
that Iaboratory with a variety of viruses and ricketisiae

Precautions:
Never deliver the fast 01 ml from a pipette, i ¢, do not deliver beyond the 09
mark

Never blow out the final drop

Never measure less than 01 ml in making dilutions of reagents, unless & special
Mipette, sach as the Kabn, 16 used

Use a clean pipette for ¢ach dilution of reagent unless the highest dilution fs
pipetted first, then work from that to the lower diutions

Reagents
& 025 per cent sahine contumng 10 ml of 30 per cent MgSO, *7H_O per Lter
b Sensiuzed cell suspenston
(1) Cells —Defibrinated or citrated sheep red blood <ells, washed i saling 7
‘manytes st 2,000 rpm for three successive times, packed for 15 minutes at
2000 t pam , and made t6 2 2 per cent suspension
(2) Hemolysm —2 units contained m 025 ml are used in the test
a Preparation of stovk solubion of § 100

94 ml salme
4ml S per cent phenof 1n sabine
Mixand add
2 m! hemolysin preserved i 80 per cent glycersn {store in refngesator
1-6°CY)
b Titration
051l 0f1 100  hemolysin 4- 4 § Ml sahne==1 1,000 dilution
1oml of 1,1,000 4 40ml
10m! of 1 1,000 +70ml
1oml of 1,000 +90m,
1ol of} 19,000 Josml
19ml of 1 10000 +10ml
10ml of t 10,000 41sml =1 125000
1oml of 1 10,000 4-20mt = 1130000

025 ml, bemolysin dutions (1 5,000 to 1 30,000)
020ml 1 30 complement (02 ml comp + 5§ 8ml sahne)
0325 m of 2 per cent sheep cells

040 ml saline

Cellcontrol = 025 ml sheep cells 4 0.35 ml. syline
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of normal red cells in a test tube changes very little with time as the cells
settle out. When influenza virus 1s mixed with the cells, however, clumps
are formed which settle much more rapidly than individual cells; also
there is a clearing of the red cell column, which is measured photo-
metncally.

Advantages of this method over the pattern technic include increased
accuracy of end pomnt determination which may permit a serologic diag-
nosis to be made on the basis of a 2-fold rise in titer and more objective
reading of the tests, A recently developed procedure? however, based
on the use of z series of fractional dilutions in steps of 0 1 log unit, per-
mits a degree of precision with the pattern method comparable to that
obtamed with the photometric method Its mamn disadvantages are the
need for certain special equipment (special test tubes and a photometer)
and the increased care 1n making dilutions and so on, necessary to extract
the full value of increased accuracy In view of its hmited application to
routine diagnosis, with full use only in certain research problems, the
method will not be presented and the reader is referred to the descriptive
report of Hirst and Pickels?® for detailed information.

C. Tue Comprement Frxation TEST

Complement fixation has been widely used as a test for antibody in
mfluenza with excellent results, though it 1s perhaps less widely used
than h ion-inhbition 3 The test may be employed
with a number of variations of detail,3" none of which departs widely
from the methods used for complement fixation in other systems.

Allantoic flmd preparations of virus make excellent complement-
fixing antigens, but some investigators prefer to use extracts of infected
choroallantoic membranes which contain so-called “soluble antigens” of
influenza virus. They consider such preparations preferable because fewer
strain-specific reactions are encountered than when allantoic fluid virus
is employed. In addition the preparations may be of value in diagnosis of
cases occurring shortly after vaccination. Current experience in this
laboratory indicates most cases may be differentiated from vaccine re-
sponses ont the basis of antibody rises as detected with soluble antigens
at serum dilutions of 1:8 or greater, The method 1s not infallible, how-
ever, since a few vaccinated persons, without iiness, produce anttbody
increases measured with soluble antigen. Other cases diagnosed by
hemagglutination-inhibition methods do not have antibody responses
detectable with soluble antigen at the 1.8 dilution of serum Details of
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TITRATION OF ANTIGEN

Antigen Negative | Antigen
Dilution TIramune Serum Dilution Serum | Control
18 116 132 164 1128 1256 18
12 4 4 4 4 0 o o o
14 4 4 4 4 1 0 ] 0
18 4 4 4 4 2 o 0 ¢
116 4 4 4 4 2 0 ] o
132 4 4 4 2 ] o o [
164 1 0 0 o 0 0 0 0
Serum control o 0 0 0 0 ¢ 0
Control antigen| 0 0 0 0 0
Presiouslotof
specficantigen| 4 4 4 4 0 0 0 0

Dijutions of both antigen and serum are made sn master dilution tubes, from
Which 02 ml of each 1s transfected to the corresponding row of the titranon
tubes,

All the reagents, except the hemolytic system, zre added, the rxtures are
shaken and incubated overmight at 4°-6° C After warmung the tubes for 10
tunutes in a water bath at 37° C, the hemolytic system 1s added, and secondary
ncubation is performed at 37° C for 15-20 mnutes, or until the control tubes
show complete clearmg The bighest antigen dilution showing 34 or 44 fixa-
tion with the hughest dilution of serum 15 generally regarded as 1 umt (For
practical purposes, the umt 1s sometrnes greater than this For example, if a
1 32 dilution of antigen gives 34 or 4+ fixation with a I 256 dilution of anti~
serum, and a t 64 antsgen dilution gives 34 fixatton with a 1 128 serum difu-
4:0m, the unit mav be conndered as § 64 )

¢ Sera—Sera ar¢ imactivated for 30 minutes 1n a Water bath at 60° C Because
nonspeafic reactions may be encowntered with more concentrated sera, the
smtial dilution used 1n the test 1s 1 8, and serial 2-fold dilutions are made with
el e A

saline muxture 15 1nactivated and used as the starting material
! The Test (Refer to Table 1)

Expl of 4-tube ' ?—The tubes contaming 020 ml,

015 ml, and 0 10 m! of the diluted tomplement should show complete hemol-

ysis The tube contunng 005 ml of the diluted complement should show mo

bemolysis If this tube shows hemolysis, an excess of complement was used
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Sbake and incubate 1n water bath at 37° € for %4 hour and read
The highest cilution of hemolysin which shows complete hemolysis repre-
sents ¥ unit Two unts are used 1n the test proper
Example If the 1-20,000 dilution shows complete hemolyss, 1 25,000
partial bemolysis, then one umt would be 025 mt of 2 1 20,000 dilution
Therefore, two units would be contained in 025 m} of 2 1 30,000 dilution
of hemolysin The entire amount of hemolysin regured for the test is
diluted to the appropniate concentration at one time.
Sensitize only enough cells for use 1n the complement titrations (Mix the re-
Toaming cells and hemolysin together the following mormnsng prior to use in the
test )
Sensitize a quantity of cells sufficient for the complement titration by pourng
diluted hemolysin 1nto an equal volume of 2 per cent sheep cells and rapidly
pounng back and forth several times Allow to remain at room temperature
10 nunutes before use,
¢ Complement ~Two exact umts contamed m 02 m! are used in the test
Fresh, or Iyophilized guinea pig complement restored to the original volume, 15
tutrated m the presence of antigen
Tatrate the 1 30 dilution of complement as follows Use 2 Kahn pipette (0.2 m!
mpette calibrated m 0001 ml) to measure the complement Wipe excess serum
off outside of prpette and deliver reqmred amount to hottom of each tube

TEXRATION OF COMPLEMENT

Reagent Amount, 1 milliliters, of reagent to be added to tube

M @ @ @ (B M @) 9

Complement (1 30) 033 012 011 D10 0O 0D 007 006 005
Antigen (as diluted

for test) 020 020 020 020 020 020 020 020 020

Saline 027 028 025 030 031 03z 033 034 035

Shake and mcubate in 37° C water bath for % hour and add 0 5 ml sensitized
<ells to all tubes.

Shake and incubate in 37° C water bath for ¥4 hour and read, The tube con-
taining the least amount of complement showing complete hemolysis represents
1 umt Two exact umits contamed i 02 ml are used m the tests
Esample 1£ 009 of 1:30 calution of complement equals 1 exact umt, then 018
of 1 30 dilution of complement equals 2 exact umis,
30 % 02 equals 1 33 dilution of complement
01E

d  Antigen —2 umts rontained in 0 2 m). are used in the test.
Antigen titration 1s conducted by tesung serial 2-fold dilutions of antigen
against serial 2-f01d lutions of imrmune serum to obtam the optimal dlutios
of antigen that gives fixation, This procedurs, often referted to as @ “box,
whlock,” or “lattice” titration, is illustrated by the following schema
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the test 1f the tubes contamng 0 10 ml, 015 ml, and 020 ml of diluted com-
plement do not show complete hemalysis, insufficient complement was used
Dunng the final mncubation penod, controls are examuned after 15 minutes If
the 4-tube complement contral shows the proper amount of hemolysis, the
tests are removed from the water bath at this time If insufficiently cleared, the
complement control tubes are examined at frequent intervals during the suc-
ceedang 15 minutes, and the test racks are removed from the water bath at the
time when the desired 2mount of clearing in the complement control tubes is
observed

3 General Conuderations
Parred or multiple specimens of sera {rom a patient are tested routinely against
straing of Types A and B wiruses at one time and subsequently, it indicated,
against Type C virus Currently an A-prime stran designated Spirup, isolated
in 1943, 15 substituted for the Type A PRS strawn as lower titers of antibody are
observed wath this strain and so reduces the number of dlutions pecessary to
sux ot eight for each serum specimen The Lee strain (1940) wll detect Type B
antibody and the 7§ stram (1950), the Type C antibody
Only a 4-f0ld or greater pse 1n titer from the acute to the convalescent stage
18 considered s'gmificant of mfection In other cases a very hgh titer of anta-
body in both sera may be interpreted as a “presumptive positive,” with the
assumpt:on that the bloods were taken too late i the course of the disease to
demonstrate a rise
The difficulties encountered with compleroent fixation are few, and these are
discussed brefly tmn the first chapter of this book and more fully elsewhere 38

D Ormer Sgrotocic MEeTHODS

1 Neutralization test i mice Thiss the classical method of meas-
uring mfluenza antibedies and makes use of the fact that the addition of
serum antibody to active virus reduces or abelishes its capacity to infect
and kill mice (neutralization). The test has been used extensvely in the
past for diagnostic work and for antigeme comparisons®40 but will not
be described 1n full detail here Senal 4-fold ditutions of heated serum
(56° C for 30 munutes) are prepared, to which equal volumes of active
virus are added The virus suspension 13 previously diluted so that the
final mixture contains from 100 to 1,000 of 50 per cent letha) doses of
virus per 005 ml The virus-serum mixtures are inoculated intranasally
into Swiss mice under light ether anesthesia, using 03— 05 ml per mouse
and 4 to 6 mice per dilution The mice begin to die after 4 or § days and
should be autopsied to confirm the presence of pulmonary lesions The
survivors after 10 days are killed and autopsied for evidence of lung
lesions Fifty per cent mortality or lesion end pornts may be calculated
The technic is slow and costly and is not In general use as a routine
method of serolagic diagnosis
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2 In ovo neutrelization tests, Antibodies may be titrated by infec-
tivity neutralization tests using embryonated eggs and the hemagglutinin
test as a check for nfecton in each egg ¢4* Here again 4-fold difutions
of sera are made, virus suspension added, and the mixtures mcubated at
37° C. for 30 minutes The virus suspension should be diluted to contain
from 100 to 1,000 of 50 per cent infective doses. Four to 6 eggs are in-
jected allantoically with 0 1 or 0 2 m! of each serum-virus musture Titra-
tions of virus suspensions must be included in the test to determine
accurately the infectivity of the preparations. After incubation at 35° C.
for 3 days, 0 S m! of allantoic fluid is aspirated from each egg and tested
for hemagglutimns The titer of the serum is calculated as the highest
dilution which will neutralize 50 per cent of the infectivity (Reed and
Muench*®). As an m vivo method of titratron, 1t has the advantage over
the mouse test given above in requiring less time for completion and in
permitting the use of nonmouse-adapted strains of virus
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atypical pneumonia 67 These diseases may be bacterial, such as pulmonary tuber-
culosss, tularema, or various bacterial pneumonias, they may be caused by viruses,
such as the psittacosis-ormthosis group, mfluenza A, mfluenza B, ot lymphocytic
choriomeningitis, or they may be due to nckettsia, such as Q fever, and, ﬁnany, tbty
may be due to fungi, such as and
carcinoma of the lung may be confused wath pnmary atypical pneumonia 'These
duseases can usually be differentiated from primary atypical pneumoma by employ-
1ng appropriate laboratory tests The diseases Just listed, however, are usually re-
sponsible for a relatively small proportion of the patients presenting the signs,
symptoms, and roentgenologic features of primary atypical preumoma

Primary atypical preumomia can usually be differentiated from the bactenal
preumontas on chmeal grounds It 15 not sound practice, however, to make this
differentiation 1n the absence of adequate bacteriologic studies of the sputum and
blood 8 The absence of such features as shahmng chill, pleuntic pam, rusty sputum,
frank signs of pulmonary hhd: and leukocytosss aids in the
disease from pneumococcal pneumomia In about 10 per cent of the cases the differ-
ential diagnosis from pneumococcal or other bactenal preumonias may be difficult
or mposable This is especiafly true early m the illness, when 2 decwsion 1s taost
desirable from the standpoint of therapy It should be emphasized that this difficulty
m differential diagnosis may occur even though proper bactenologic studies have
been made

C Emoroey

The problem of etsology 10 primary atypical pneumonia has occupted the atten-
tion of virologists for almost 2 decades Duning this penod several different viral
agents® were recovered in Iaboratory ammals or embryonated eggs moculated with
specmens from patients with primary atypical pneumonia, but none has been gen-
erally accepted as causally related to human disease More recently, Hilleman et of 1¢
and Rowe et of 11 employimg human cell tissue cultures, reported therr mdependent
discoveries of a new faraly of varuses, certam of which may cause acute respuratary
Ulness with frequent pnimary atypical pneumonia This group of viruses, which has
been designated the RI (respiratory illness)12 or APC (adenowdal-pharyngeal-cone
Junctival) 1% famuly and which includes viruses designated ARD (acute respiratory
disease), 14 15 15 antigemcally heterogeneous, compnsing a group of distinct sero-
types * These serotypes may be d hed readily i serum tests
employing monotypic rabbit antiseral3 18 aad i tests with the scute and convales-
cent serum specimens from selected patients with the infection 17 All the viruses of
the family, bowever, elaborate a common group specific “soluble” complement-
fixng (CF) antigen,18 1618 which 15 readily separable from the virus particles by
Eltration or by centnfugation procedures 18

So far, 17 serotvpes have been 1solated, but insufficient data have accumulated
either to assign each type ta a partcular chmcal syndrome or to determine what
properhion of the cases in a given chmeal syndrome are due to the various serotypes
Types 1, 2, S, and 6 have been solated almost exclusively from excised tonsils and
adenoids and on only a few otcasions from patients wath respiratory disease Certamn
other types have becn recavered only from cases of acute respuratory dllness, as

* This group of agents has been recently designated adenoyaruses 84
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B Agglutimns for streptocaecus MG
1, General aspects
2 Technic of test
a Streptocoteus NG
b Materfals and methods for agglutination test
3. Interpretation of results
C Other Serofogic Reactions

IV Rertrexces

1. INTRODUCTION

A. DEerINITION

HE SYNDROME primary atypical pneumonia® may be defined as an
Tacure infectious disease of the i y tract in which pul ¥
mfiltration is a prominent feature? The pulmonary involvement is
characteristically more evident in roentgenograms than by physical ex-
amination, The lesion tends to be patehy and less dense than that seer
in ia, Slight or mod: dullness to p i
and the presence of rales constitute the usual physical signs in the chest.
The pulse and respiratory rates are either nommal or only moderately

d. C ymp! (headache, malaise, chillit an
fever) usually predomsnate over respiratory symptoms early in the ili-
ness Cough is nvariably present later m the iliness. Sputum is mu-
coid or mucopurulent The Jeukocyte count is normal or only moder-
ately increased, As a rule, the illness is of mi)d or moderate severity and
is similar i onset and 2y to the mod ) severe acul:

y diseases 1 zermed gitis, or
“gnppe " The febrile course is usually xem\ttent of 3to 8 days duration,
and terminates by lysis. Occasionally, the disease may be severe, with
extensive pulmonary infiltration, cyanosis, dyspnea, and rapid respira-
tory and pulse rates. Very mild or even asymptomatic cases have been
recognized

B. Crwicarn DiacNosis
The d.ngnosls of pnmxry ntypxcal pmumoma depends to = large extent “P'\in
i 4 A e 2o wenally
. nary
vex-
. . . mical

it e
e which is ingly dficult or e to b from prmary
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II PRIMARY ATYPICAL PNEUMONIA OF
ADENOVIRUS ETIOLOGY

A INTRODUCTION

‘The laboratory diagnosis of mfection with the adenoviruses
may be accomplished ether by the recovery and identification of the
causative agent from the patient or by the demenstration of a sigmficant
(4-fold or greater) mcrease mn amount of CF or neutralizing antibody
m the patient’s serum during convalescence from lus illness Standard-
1zed techmes for erther of these tests have not yet been developed How-
ever, the d regularly emp! 1n the D of Respira-
tory Diseases, Walter Reed Army Institute of Research, are described
bzlow as tentative guides

B Lasoratory DiacNosis

1 Tissue cultures * Tubes and bottle cultures of the HeLa strain of
human epidermoid carcinoma cells are prepared by the general method
of Scherer et al 3* At time of use, the bottle cultures (32 oz prescription
size) should contain 10-20,000,000 cells and the tubes 60-90,000 cells
Immediately prior to use and for the purpose of removing the human
serum nutrient (which often contams RI virus antiboches), the contents
of the bottles and tubes are washed 3 times with 20 or 1 Oml , respectively,
of 5 per cent chicken serum 1 Hank-Stmms solution containing peni-
cillin and streptomycin 1n a final concentration of 50 units of each per
ml A mechamcal device for sumphfying the washing of tissue cultures
in tubes has been described 3 Finally, 30 ml (bottles) or 06 ml (tubes)
of cell maintenance solution are added A chicken serum mamtenance
solution (10 parts pooled chicken serum, S parts chick embryo extract
ultrafiltrate, 85 parts Hanks' balanced salt solution plus antibiotics) has
been most commonly used in the past and maintains the cells for 3 or
4 days A maintenance solution recently descnbed by Ginsberg ef of 3
provides more satisfactory preservation of cell viability for a longer
pertod

2 Vwrus recovery The patient’s throat washings are collected as
early as possible after onset of illness (within 3 or 4 days) and stored

* Tissue cultures and the necessary culture fuids are available

commerciall
Microbiological Associates, Incorporated, Bethesda, Maryland ety feem
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described below, and additional types have been associated with conjunctivits
alone The whole problem of the relationship of the new RI viruses to the occurrence
of the various respiratory diseases has been recently reviewed?® and may be con-
sulted for further details

Patlents with respiratory illness caused by viruses of the RI family usually
present fever with pharyngitis and cough C and, in sddition,
conjunctivitss, rhimitss, laryngitis, tracheobronchitis, and brouchioltis may also be
present20 23 Among epidemics 1 military recruit populations, around 15 per cent
of the patients may develop an atypical pneumomnia 20 21 The 1llnesses in the patients
may be commonly classed as guppe, catarrhal fever, severe colds, acute pharyn-
gutrs, or virus pneumonia More specifically, they belong in certam of the respiratory
disease categones described by the Commussion on Acute Respiratory Diseases24 28
duning World War II, that is, undifferentiated acute respiratory disease (ARD),

exudative is, bronchitis atypical

and primary atypical it with the of cold or
streptococcus MG agglutimins  Included also 1s the syndrome of pharyngoconjunce
twval fever recently described by Parrott ef aZ23 and by Bell et al22 Collectively,
these entities belong i the more general categones of common respiratory disease®
or of febnle catarrh described by Stuart-Earns ef ol 27 jn 1938, The RI viruses do
not appear to be responsible etiologically for the “common cold” in which there 1s 2
short course, a profuse and watery nasal discharge, and httle or no fever.14,15,21

The pnmary atypical pneumoma cases m which cold or strepococcus MG
agglutinums develop appear to be unassociated with RI virus anfections Thus, patients
with proved RI disease fail to develop such agglutuins, and patients with the eold
or MG agglutinin do not present serologic evidence of RI
virus infection 14:15,20.2L28 Primary atypical pneumonia associated wath cold
agglutinins also appears to be caused by a virus, based on the results of transmission
studies human 29 The possibility that the bactenum strepto-
coccus MG may play a role 1n the causation of the disease has not been entirely
excluded but seems unhkely 30-32

To summarize, pnmaty atypical pneumoma 15 a clinical syndrome of diverse
etiology. After exclusion of the chimcally stmilar cases due to bactera and other
well-known causes, there 1s left the faily distnct chnical syndrome described above
under chmcal diagnosis Recent data indicate that these cases can be divided into at
least three goups (1) Adenoyirus infections which clinically most often resemble
ARD, but many of which have pulmonary infiltration and therefore may be recog-
nized as primary atypical pneumonia So far, types 4 and 7 of the Adenoviruses have
been demonstrated to be responsible for such cases (2) Cases of prmary atypical

with cold or MG or both, m

therr sera This virus has not been 1solated, but the disease has been transmutted to
human volunteers employing bactena-free filtrates of respiratory tract secretions
(3) Cases not fallng into cither of the above groups As yet, msufficient data are
available either to determine the proportion of total cases which may be placed in
each of these three groups or to indicate whether or not further division of the
groups will be possible as new data accumulate
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virus131816 2223 although other types may be involved In the tests,
senial 4-fold dilutions of serum 1n the range from 1 2 to 1:512 are tested,
and appropriate serum toxicity control tests (without virus) are always
included Four-fold or greater increase i antibody titer is considered to
be of diagnostic sigmficance, sn most cases the rise 1 titer is 8-fold or
greater. While the primary neutralizing antibody response to mfection
15 usually homotypc, this is not always true so that recovery and 1dents-
fication of the virus 1s necessary to determine defimtively the mfecting
virus type
(2) Typing of virus stramns Virus 1solates are typed by the serum
neutralization techmic, using monotypic rabbit antisera’® as described
for human sera The rabbit antisera are usually highly stram specific, and
the titer 1s usuatly 1 80 or greater
b Complement-fixation test
(1) Antigen Only a single viral antigen is necessary because of the
group-specific activity of the complement-fiing substance To prepare
antigen,* heavy cultures of HeLa cells in bottles are noculated with 4
ml of undiluted seed stock (titer 101 or 10-%) of the type 4 R1-67 stram,
and the cultures are incubated at 36° C for S days Complete degenera-
tion of the cells usually 15 accomplished by the 2d or 3d day, but agher
CF titers are achieved by further mcubation after this period The whole
culture 1s homogenized 1n a Waring blendor, and the supernate obtained
after centnifugation at 2,500 rpm for 20 minutes 15 the antigen The
CF titer usually ranges from 1 8 to 1 32 As currently used, the virus 1n
the antigen 15 not mactivated, and the CF actmty of the preparation is
stable when stored frozen at —20° C for at least ! year Normal Hela
cell antigen for contral purpose s prepared 1n identical manner from
unimnfected cultures
(2) CF techme For diagnosts, the patient’s acute (4 days post onset
or less) and convalescent (2 to 3 weeks) sera are titrated simultaneously
for CF antibody The serum 15 inactivated at 56° C. for 30 minutes, and
025 ml amounts of serial 2-fold dilutions 1n the range from 1 § to 1 320
are allowed to react with 2 exact units of guinea pig complement in G §
ml volume and 2 unuts of viral antigen 1n ¢ 25 ml amount or 0 25 ml of
normal control antigen in the same diution After incubation at 37° C
for 1 hour, 0 5 ml of the hemolytic system which consists of a mixture
of 025 ml of 3 O per cent sheep cell suspension and 0 25 ml of physio-

* Now avaltable from commercial spurces



268 DIAGNOSTIC PROCEDURES

frozen at —70° C until tested For-test, the thawed or freshly collected
washings are centrifuged lightly to remove gross particles and then
inoculated m 0.1 ml amount into 3 HeLa culture tubes. The cultures
are incubated for 3 days n a stationary positton and abserved daily for
the characteristic cytopathogenic change, which consists of rounding of
the cells with darkening of the granular cytoplasm If no change oceurs,
the whole culture content is homogenized 1n a mortar or 2 Mickle tissue
disintegrator * and the centrifuged supernate passed to 3 additional Hela
culture tubes Cultures showng specific degenerative change are passed
to additional HeLa tube or bottle cultures to prepare seed virus or anti-
gen stock for virus identification purposes. The virus may be identified
as one of the adeno group by tests for the group-specific CF antigen
in the culture, or 1t may be typed m serum neutralization tests with mono-
typic rabbit antisera prepared according to Rowe ef al.1® Virus recovery
15 usually possible m the throat washings of 50 to 70 per cent of patients
giving diagnostic serologic tests

3 Serologic procedures

a  Serum neutralization test For the neutralization test’, one volume
of diluted serum (inactivated at 56° C. for 30 minutes) is mixed with an
equal volume of test virus suspension diluted to contain sufficient virus
to cause complete degeneration of the cultures by the 3d day of incuba-
tion The virus seed lots usually titer 10-2, and they can usually be em-
ployed in dilutions of 1:5 to 1 10 After mcubation at 36° C. for 30
minutes, the serum-virus muxtures are inoculated in 01 ml amounts
mto 2 HelLa culture tubes which are incubated in a stationary posttion at
36° C and observed for 3 days. The neutralizing antibody titer of the
serum 1s the highest nitial dilution of serum that completely inhibits
cellular degeneration by the virus

(1) Tests with patients’ sera For diagnos:s, the acute phase serum
specimen, collected preferably within five days after onset of illness,
and the serum are d in ization tests run
simultaneously The serologic response in infections in man 1s often
homotypic only, necessitating the use of a “battery” of different viral
types in the tests Types 3, 4, and 7 account 717 for essentially all the
adenovirus infections seen i mihtary recruit populations at present, and
these 3 types suffice for studies of military groups at this time. Most of
the respiratory disease in civilian groups appears to be caused by type 3

+ H Mickle, Hampton, Middlesex, England
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apparently true of studies carried out in the military services. Ia one
such study, cold hemagglutinins were found in only about 30 per cent
of cases In cwvilian hospitals where the more severely il patients would
tend 1o be preferentially admitted, the occurrence of cold hemagglutinins
may be as high as 75 to 90 per cent There 15 one report*® that patients
with primary atypical treated with d
lower titers of cold hemagglutinins and sustamed them for a shorter time
than the patients who were not gaven the antibiotic

The stage of the illness when the specimens of blood are taken, the
temperature at which the blood 1s kept before the serum 1s removed, and
the length of time and the temperature at which the sera have been
stored may affect the results of tests Cold hemagglutinins are either
absent, or are present only m low uter, dunng the first few days of 1ll-
ness, begin to appear either late i the Ist week or during the 2d week,
are ysually at therr maximum i the period from the middle of the 2d
week to the mddle of the 4th week, and are either absent, or are present
in considerably decreased titer, from the 4th to the 6th week Blood drawn
for the purpose of testing for cold hemagglutinins should not be stored in
the refrigerator before the serum 15 separated because the autalogous
cells will remove the cold hemagglutimns With serum of high fater,
some of the agglutinins may be removed even at room temperature, The
cold hemagglutinins, however, will elute from the cells if the blood is
thoroughly warmed at 37° C before the serum is removed, Sera may be
stored 1 the frozen state (~20° C) for at least three years without
appreciable loss of titer of cold hemagglutinins** The titer of cold
hemagglutinins may decrease m sera stored at 4° C for long peniods, if
stored at room temperature, the loss may be quite rapid 1244

The results of tests for cold hemagglutinns 1 a given serum may be consider.
ably influenced by the density of the suspension of erythrocytes, by the age of the
cells, and by the manner 1 which the fests are read When agglutination is read
with the unaided eye, a 1 to 2 per cent suspension of cells wnll nsyally not show
agelutination with “normal” sera 1n 2 tuter bigher than 8 to 16 With a 0.2 per cent
suspension of cells the titers of some “normal” sera wil) range up to 32 or even 64
By using & Light suspension of cells and reading the resultant sgglutmation by means
of the mucroscope, titers in the range of 128 may occasionally be obtained 1n “normal®
subjects Most workers have employed the density which appeared to facihitate the
readung of Jesser degrees of agglutmation There 1s bttle agreement concerning the
adeal density of erythrocyte suspension to be employed This 15 unsatisfactory be-
cause titers from different laboratones cannot be compared It seems desirable to
adopt  density which will permut the highest degree of sensitivity compatible with
*ase of Teading the tests Yt 1s suggested that a 0.2 per cent suspension fulills these
eritena 8 Erythrocytes older than § to 6 days should not be used stnce they ace less
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logic salie solution containing 3 units of sheep celf amboceptor are
added, and the tests are read after final incubation at 37° C. for 30
minutes. The titer of the serum is considered to be the highest initial
dilution of serum causing 3 + or greater fixation of complement

A 4-fold or greater rise in antibody titer of the patient’s serum during
convalescence is interpreted to mdicate current infection with any of the
known members of the adeno group. As in other diseases, the results
of the serologic tests must be mterpreted in the lght of the clinical
picture, since subclinical and mapparent infections with these agents are
frequent'®* and, upon occaston, may occur concomrtantly with another
disease, for example, influenza,20

III. PRIMARY ATYPICAL PNEUMONIA ASSOCIATED
WITH THE DEVELOPMENT OF COLD AND
STREPTOCOCCUS MG AGGLUTININS

There are no specific laboratory tests as yet available to the diagnostic
laboratory for the diagnosts of this disease There are two laboratory tests,
however, which are useful adjuncts in differentral diagnosis late in the
course of illness They are the tests for cold agglutimns and agglutinms
for streptococcus MG. Other serologic reactions have been described 1n
primary atypical pneumomia, but since they are not of value in the
dragnosis of the disease, they will be mentioned only briefly

A Corp HEMAGGLUTININS

1. General aspects. The basis for this test is the observation that
convalescent phase sera from many cases of primary atypical pneumonia
contam agglutimns for human group O erythrocytes which are operative
at temperatures ranging from 0° to 10° C With sera of high titer,
agglutination may occur at 20° to 25° C. The homologous erythrocytes
are also agglutinated 1n these temperature ranges At 37° C. the aggluti-
nation disappears,

The reported incidence of cold hemagglutinins in cases of primary
atypical pneumonia has averaged about 50 per cent, ¢ 37 but the ﬁgurfs
have varied widely. One factor which may account for this variation is
the observation that cold hemagglutination can be correlated with the
seventy of illness as judged by the symptomatology, the estent of the
pulmonary lesion, and the height and duration of the febrile respons«?.“'.”
The lower figures reported may well have been the result of stuqles in

which 2 ngh proportion of the milder illnesses were included. This was
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as a check on the sensitivity and reliability of the tests from day to day
Titers of the control sera should not vary more than == 1 dilution from
day to day.

3 Interpretation of results By employing the above technics, titers of
32 or 64 may be considered abnormal High titers—128 to 1,024 or mare
—are not often seen except 1n primary atypical preumonia or in certain
hemolytic anemias More important than the titer of a single serum is the
demonstration that an inctease in titer has occurred during the course of
illness A 4-fold or greater tncrease in titer 1s probably sigmificant Lihe-
wise, a definite decrease in titer late 1n convalescence is important To
detect such changes 1n titer, 1t 1s important that the sera be collected at
appropriate intervals (see above)

Cold h lutimins have been described in tr fasis, black-
water fever, mumps orchitis, hemolytic anemias, certain diseases of the
liver, peripheral vascular disease, and so on 17 Most of these diseases are
not too difficult to differentiate from primary atypical pneumomia Cold
‘hemagglutinins, usually 1n low titer, may also occur in a variety of the
common Tespiratory diseases,3s 464930 Experience has shown, however,
that primary atypical pneumomia is the only respiratory disease which
is hikely to lead eitber to a large increase in titer 1n ser:al sera or to the
presence of a high titer of cold hemagglutinms n a single serum specimen
taken at the proper time after the onset of illness

Tt should be emphasized that the detection of cold hemagglutinins 1s
not pathognomomue of primary atypical preumonta and that fadure 4o
demonstrate the presence of the agglutinins does not exclude the diag-
nosis Since these agglutinins do not appear until Jate 1n the course of
illness, the value of the test in differential diagnos:s 15 usually retro-
spective

B. AcGLUTININS FOR STRUPTOCOCCUS MG*

1. General aspects Strep cus MG * 15 a nonhemolytic strepto-
coccus which appears to be distinct serologically from other species of
streptococet The organism possesses a capsular structure which is re-
sponsible for its type-specific immunolog:e reactions It is itmmunologically
related to, but antigenically distinct from, Streptacoccus saelivarius,
type 1

Streptacoccus MG is not easily distingwished ftom other varieties of

* Formerly called streptococcus 344
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sensiave to sgglutination than cells 2 ta 4 days old 95 ¢3 Apparently, fresh eells or
cells 1 day old are also somewhat lesy sensttive than 2. 1o 4-day cells 45

Etythrocytes from certam group O doners are more easily ageluticated than
are those from other danors $5.4¢ There appears to be na way to determne which
wdmduals possess cells that aggiutinate readily except by comparatne tests While
these dhfferences between donors ate detectable, they are ot of such a magostude
as 1o be of major importance With cells 2 to 4 days old, dFerences between the
cells from dufferent donors are pomimized 43

derd

2 Technac of test The following technic 3% is

{a} Sera All sera from a patient should be tested on the same day to
minimize day-to-day fuctuations i the tests. Sera need not be inacti-
vated, but inactivation at 56° C for 30 nunutes does not interfere with
the test Sera should be as fresh as possible and must be taken at appro-
priate times after the onset of illness.

(b) Erythrocytes Defibrinated, oxalated, or citrated human group O
blood may be employed The blood may be stored at 4° C. and will
serve as a source of cells for § or 6 days 5% A surtable portion of the
cells is washed 3 tunes with physiclogic salne and then packed in the
horizontal centrifuge at 1,500 rpm for 15 nunutes. A 0.2 per cent sus-
pension by volume of packed cells in physiologic sahne is used in the
test Unused parts of the 0 2 per cent suspension should be discarded
each day.

Twa-fold serial dilutions of the sers beginning with & 1 to 4 dilution
are made n physiologic saline in € § m} volumes Tubes measuring 12
by 100 mm are satisfactory. To each tube is added 0.5 ml of 0.2 per
cent suspension of erythrocytes, the final ddution of serum in the first
tube is I to 8 After thorough shaking, the racks of tubes are kept in the
refngerator at app Iy 4° C ight The ing WOrRing
the tubes are removed from the refrigerator, one rack at a time, and read
immediately before warming occurs, A fluorescent source of hght and 2
black background are helpful Readings are graded from 4 +, which
conssts of a tight disc of cells that does not break up readily on gentle
shaking of the tube, to 1 4-, which s the least amount of definite clumping
vistble to the unaided eye. The end point is the highest final dilutian of
setum In whech definite {1 +) agglubination occurs Positive tests must
be read for the disappearance of agglutination after 30 minutes at 37° C.

ins or ather badies which might cause
) Titers of cold b are evpressed as the recipro-
c;I of the final difution of serum at the end point. 1f available, positive
sera of previously determined titer should be included 1 each day’s tests

to
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be present in only about 20 per cent, in the more severe or prolanged
dlnesses they may be found in approximately 75 per cent of cases, Im-
munologic studies have indicated that cold hemagglutinns and agglutin-
s for streptococcus MG are not related 3 The observation that a
positive test for streptococcus MG agglutimns 1s more 1tkely to be found
in a patient who has developed cold may be explicable,
at Jeast in part, by the fact that each occurs more abundantly in severe
cases

2 Techmc of test
(a) Streptococcus MG Streptococcus MG may be obtained from the
American Type Culture Collection where 1t 15 designated Streptococcus
spp 9895 Isolation of the organism may be accomplished by employing
the technic devised by Thomas, Mirick, Curnen, Ziegler, and Horsfall, 5
but the technic is dufficult unless antistreptococcus MG serum s available
of str MG 1n the laboratory,
beef m(usmn broth or Todd-Hewitt broth may be employed When
cultures are stored at 4° C for more than a week, defibrinated rabbit
blood should be added to the broth in a concentration of 2 per cent
Blood broth cultures remamn viable for as long as 2 months at 4° C
(b) Matenals and methods for agglutination test. The technic®® 15 as
follows
Bacterial suspensions for agglutination tests are prepared from 18-
hour broth cultures of streptococcus MG The bacteral cells are washed
3 times i 085 per cent NaCl and suspended 1n sufficient physiologic
saline to give a turbidity approumating No § an the McFarland scale.
The streptococes are killed by heating at 65° C for 1 hour. Merthiolate,
in a final concentration of 1 10,000, 1s added as a preservattve
Senial 2-fold dilutions of unheated serum are made in physiologic
saline 1 0§ ml volumes Each serum dilution is then mixed with an
equal volume of streptococcal suspenssion The final dilutions of serum
should range from 1 10 to 1 320 Dilutions lower than 1-10 are not
used in routine tests because of the frequent occurrence of nonspecific
agglutination of streptococcus MG n 1:2 or 1 4 dilutions of either nor-
mal human or rabbit serum Sera are not heated at 56° C, simce the
agglutimation titer of convalescent serum may be reduced by hcatmg at
this temperature The tubes containing the serum and the streptococcal
Suspension are placed in a water bath at 37° C for 2 hours, followed by
18 hours fn the 1cebox at 4° C. They are then again placed in the water
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indifferent streptococci which inhabit the respiratory tract, notably
Streptococeus salwvarins, type 1, and Streptococcus mitis. However, 1t
has been found®® that streptococcus MG produces small fluorescent
colonies on sucrase agar whereas Streptocaccus Safivarius, type 1, pro-
duces large succulent colonies. Various strains of Streptococcus mutis
will ferment raffinose and produce marked greening on blood agar, These
properties are not possessed by streptococcus MG, although definte but
small degrees of green hemolysis may occur.

Streptococcus MG was first isolated from the lungs of fatal cases of
primary atypical pneumonia 52 Tt has since been isolated from the upper
respitatory tracts of normal persons and of persons with nonpneymonic
acute respiratory disease 553 The organism, however, has been solated
from the respiratory tract secretions and lungs of cases of primary atypical
pneumonia more fiequently than from the other forms of acute respira-
tory disease 3* The part which streptococcus MG plays in the mechanism
of primary atypical pneumonia is unknown. In the experiments i which
primary atypical p ia was itted to buman vol
streptococcus MG was isolated with almost identical frequency in the
total group of volunteers before as well as after moculation.®®

More pertinent to the present discussion is the observation that
many patients convalescent from primary atypical pneumonia develop
antibodies in their blood for streptococcus MG. These antibodies may
be demonstrated by agglutination of either the Jated organisms
or nonencapsulated R varants, by precipitation with the capsular sub-
stance, by capsular swelling, or by skin reactions on intradermal injection
of the capsular sub 5 Only the agglutinins will be considered bere
because the technic for their detection appears to be the most practical
for use m most laboratories and is the only one which has received suffi-
cient usage to permut of its evaluation 38 557 Although these agglutining
do not appear n all cases of primary atypical preumonia and may be
found in certain other conditions, their detection in convalescent phase
sera is of value in the differentral diagnosis of primary atypical pneu-
monja Since the antibodies do not appear unti] the 2d or 3d week after
the onset of illness and reach masimum levels during the 4th and 5th
weeks, the demonstration either that they are present in Tigh \im' o

that a significant increase in titer has occurred is of value only in making
2 retrospective diagnosis As in the case of cold hemagglutinins, antt-
bodies for steep MG can be d with the severity of
illness. In mild cases of primary atypical pneumonia the agglutinins may
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4 ‘The absence of the agglutinins does not exclude primary atypical
pneumonia

5 Since the agglutimns do not usually appear until late 1n convales-
cence, the results of the tests are of value principally in the retrospective
differential diagnosis of pnimary atypical pneumonia

C OTHER SEROLOGIC REACTIONS

The capacity of convalescent phase sera of cases of primary atypical
pueumonia to fix complement with a variety of antigens, pamcularly
those consisting of fresh tissue has been d
The substances responsible for these reactions appear to be separable
from those causing cold hemagglutination and agglutination of strepto-
coccus MG 52 False positive serologic tests for syphilis have also been
noted in primary atypical pneumoma 57 Such serologic reactions have not
been demonstrated to be of practical value in the diagnosis of primary
atypical poneumonia
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bathat 37° C for 2 hours, after which the tuhes are shaken and readings
of the degree of agglutination are made The final period of 2 hours at
37° C. 15 of importance since nonspecific agglutination of streptococcus
MG may occasionally occur at icebox temperatures Stuch agglutination
disappears when the mixtures are brought to 37° C.

In estimating the degree of agglutination, the following standards
are employed. A des:gnation of 4 + is assigned to tubes in which agglu-
tination 1s complete, with a solid plaque or disc of bacteria and a clear
supernatant flurd Agglutination with large clumps and clear supernatant
fluid, but without complete settling of the bacteria to the base of the
tube, is designated as 3 - Agglutination with incomplete clearing of the
supernatant fluid 1s designated as 2 + Agglutination with turbid fluid,
but with particles visible to the unaided eye, 1s designated as 1+
Agglutination which requires the use of 2 hand lens for visualzation 15
designated as + The agglutination titer is taken as the highest difution
of serum wn which reactions of 1 4 or more are observed.,

3. TInterpretation of results Titers of 1.20 or more may be found in
approximately SO per cent of cases of primary atypical pneumonta %
However, the reported mcidence has varied widely,3%3¢ and in one senes
of cases was less than 10 per cent  As noted above, the agglutinins ap-
pear to occur more comnonly m the more severe cases The agglutinms
may be found m normal persens, in varions acute respiratory infections,
1 certam streptococcal infections, and in a peculiar pneumonia associated
with retinal cytoid bodies 5% 5%.60 They are usually present in low titer in
these conditions,31:38

As in the case of cold h ins, the di 100 of an in-
crease in titer of a 4-fold increment or more during convalescence js more
important than the height of the titer in a single serum specimen It has
been pointed out that a 4-fold or greater increase in titer of streptococcus
MG agglutining has almost never been encountered except in primary
atypical pneumonia 3136

Several features concerning the mterpretation of the results of tests
for agglutinins to streptococcus MG must be kept in rnd:

1. Sera must be obtafued at the proper stage or stages of illness.

2. Low titers (1:10 or 1:20) must be interpreted with caution.

3. While significant increases in titer have been found predominantly,
or solely, in primary atypical pneumonia, experience with the test has
been limited
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B Inhibition of Hemagglutination
1 Applications.
2 Techme
a Titration of hemagglutimn
b Titcation of antihemagglutinin
3 Interpretation
C Virus Neutralhzation Test
1 Inthe embryonated ege
2 Insuckling mce and hamsters
3 Interpretation
a Neutralzation test as an inde of immumty
b Neutralzation as a diagnostic procedure
VII Sxmv Test
A Preparation of Antigens
B Technic of the Test
C Interpretation

VIII REMARES

IX REFERENCES

I CLINICAL FEATURES OF MUMPS

oR REVIEWS of the clinical and epidemiologic aspects of mumps, see
References 1, 2,3, 4, and 5.

A MoODE OF TRANSMISSION

Mumps 13 transmitted from one individual to another by saliva con-
taining the virus, Transmission may be through direct transfer, air-
suspended droplets, or formites recently contaminated with saliva,

B PATHOGENESIS

Although the pathogenesis of mumps infectzon is not yet precisely
understood, the evidence avaitable® strongly supports the following con-
ception Virus first multiplies 1 an unknown site, presumably in the
upper respiratory tract, Invasion of the blood stream then occurs and
infection of the sahvary glands and other organs is thus established It
is probable, however, that secondary involvement of other organs is

olten accomplished by the extension of virus from previously infected
salivary glands
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2 Procedures for serial passages
a Amniotic sac inoculation
b Yolk sac inoculation
c Allantoic sac inoculation
3 Mode of harvesting matenials containing the virus
4 Indications that infection has occurred
a Death of embryo
b Pathologic changes
¢ Prisence of hemagglutin
d Presence of complement-fixing antigen
B Inthe Monkey
1 Technic of inoculation
2 Cnteria of infection
a Swellmg of parotid gland
b Demonstration of complement-fixing antigen in the parotid
gland
¢. Confirmatory serologic tests
(1) Demonstration of complement-fixing ant:body
(2) Demonstration of antthemagglutinm
d Tests for active smmumty
¢ Senal passage of virus
C In Small Experimental Antmals
D -On Tissue Cultures

V  CErTamy PROPERTIES OF THE Ecc-ADAPTED VIRUS
A Size and Shape
B Resistance to Physical and Chemical Agents

VI DucNostic PROCEDURES DEPENDING UPON THE DEMONSTRATION OF
SeecrFIc ANTIBODY
A Complement Fixation Test
1 Applications
2 Preparation and titration of antigens
a Crude cliuck embryo antigens
b Chick embryo § and V antigens
¢ Monkey parotid antigens
Blood serum and other fluids
Dituent
Complement.
Hemolytic system
The complement fixation test
Interpretation
a. Complement-fixing antibody as an index of smmunity
b Complement fixation test as a diagnostic procedure

Wt o
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lute or relative increase 1n E which may be ed from
the 1st to the 14th day of the disease. It is thus evident that the white
cell count is of little importance 1n the specific diagnosis of infection due
to this virus

2. In spinal fund. In mumps meningoencephalitis, the white cell
count of the spinal fisd may range from 2-3,000 leukocytes/cmm In
most cases at some time during the illness the differential count charac-
teristically reveals 90 to 100 per cent lymphocytes ® *° The proportion
of lymphocytes may be lower, however, in specsmens taken early in the
disease !0 In this connection, it should be recalled that in chinically un-
comphicated parotutis as well, an increase in the white cells in the spinal
flud has often been observed Total counts entirely comparable with
those 1 frank i have been recorded

Aside from the cell content, the spinal fluid 1n mumps encephalitis
shows Lttle sigmificant vatiation from the normal The proteins and
sugar may be somewhat increased, the chlorides may be slightly de-
creased According to Wesselhoeft,? the colloidal gold curve is either
normal or conforms to @ menmngitic reaction

H SErUM AMYLASE

The serum amylase regularly increases i mumps parotiig 121218
The maumum 1s attamned during the”1st week Thereafter it declines
until normal levels are commonly reached by the 4th week. The determs-
nation of serum amylase may, therefore, be of assistance 1n the differ-
entuation of mumps from other conditions giving rise to salivary gland
enlargement or in the retrospective recogmtion of cases m which the
swelling has subsided at the time of examination

II. PATHOLOGY
The pathologic changes in the salivary glands or in other organs
which may be affected are not sufficiently characteristic to be of value

i diagnosis even were 1t practicable to obtain tisses for routime exam-
mation 4

III COLLECTION OF MATERIALS EMPLOYED IN
LABORATORY DIAGNOSIS
No special precautions need usually be taken in the bandling of
wnfected materials If the worker, however, is known to be susceptible®,
precavtions should be taken 1o avoid the introduction of infected mate-

* For methods of determinng susceptibulity, see Sections V1, A, and VIIT
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C. IncusaTiON PERIOD

In most instances 18 to 21 days elapse between the time of exposure
and the first detectable enlargement of the salivary glands

D. Periop oF INFECTIVITY

The period of communicability, as determined by recent studies on
the isolation of virus from the saliva in naturally occurring mumps as well
as m mfections expenimentally induced, may extend from 6 days before
signs of salivary gland involvement untl 9 days thereafter.®®? The
usual period of , however, is probably shorter. The virus
may also be present in the saliva of cases of inapparent infection and of
cases of orchitis or meningitis in which enlargement of the salivary glands
1s absent.”$ Presumably, it is from such sources that cases of mumps in-
fection may arise in which no known source of exposure can be disclosed.

E SymrroMs or Uncompricaten Munes

Uncomplicated infection of the salivary glands is manifested by en-
largement of one or more of these organs—most often the parotids. The
swelling in most cases reaches a maximum after 48 hours, and a gland
usually remains enlarged from 7 to 10 days.

Fever of short duration and of moderate degree may be present,
sometimes the rise in temperature may be neglhgible or absent.

F  CoMPLICATIONS

The two most common complications, orchitis (about 18 per cent)
and meningoencephalitis (0 5-10 per cent) often develop between the
2d and 10th day after the onset of parotitis But these conditions may
also appear either before or at the same time the salivary glands became
enlarged Moreaver, they may be the only presenting signs.

Qvaritis has been recorded as occurring in about 5 per cent of adult
females with mumps. Other complications, such as pancreatitis and peu-
ntis of varous netves (facial, trigeminal, optec, and auditory) as well as
infections of the eye (conjunctivitis, keratitis, iritis, and retinitis) or of
the mner eat are encountered mote rarely,

G. Waite CELL Count
1. In blood In many cases of mumps uncomphcated by secondary
pacterial infection, the total white cell count may be moderately ele-
vated, but in others 1t is within normal limuts, and in some it may be
depressed Dufferentially, there is frequently, but not invariably, an 2bso-
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remains constant It is better to ship serum than clotted blood Spinal
fluid, and other body fluids such as hydrocele fluid, should be kept free
of bacterial contammnation and treated n the same manner as blood
serum
Although 1n certain instances strong presumptive evidence of infec-
tion by mumps virus can be obtained from a single early specimen of
serum by using V and S antigens,’® 1t is essential for a final diagnosis
to obtain at least 2 specimens of blood at an appropriate interval in order
to demonstrate the development or increase of specific antibody. Ac-
cordingly, a blood specimen should be obtained as early as possible after
the onset of symptoms, and, if only one other specimen is to be tested,
again after an interval of about 14 days Usually at this time, antibody
ion 15 high Ttisp ble, however, to obtain an additional
blood sample about 7 days after onset, when many individuals will have
developed an appreciable titer Thus an eatlier diagnosis may be made.
If no antibody 1s demonstrated wn the specimen taken on the 14th day,
one should be secured on the 21st day, by which time the antibody has
been found 1n all cases so far studied

IV, PROPAGATION OF VIRUS

A In Tur Emsrvonatep HeN's Eco

The following & have been
laboratery

P w the

L. Procedures for primary egg passage Mumps virus from a variety
of sources has been isolated in embryonated eggs These include
human sahiva,® spinal flud,!® blood,?* and milk,*' as well as the parotid
gland and other tissues,?? the parotid glands of monkeys?™2% and the
hervous tissues of mice?" and hamsters 2 When contaminating bacteria
ate known to be present, pemcillin and streptomycin should be added to
the matenal before imoculation Amounts between 500 and 1,000 umts
or micrograms of each per ml of mmoculum can be recommended, In the
preparation of saliva an equal velume of stenile infusion broth may be
added and the muxture centrifuged at 3,000 rpm. for 10-15 minutes
in an angle centrifuge. The addstion of broth is not essential, but its
inclusion probably aids in the deposition of bacteria by reducing the
viscosity Antibiotics are added to the supernatant fluid after centrifuga-
tion is completed, Ten or 20 per cent suspensions of tissues are prepared
by grinding them in a mortar with powdered alundum and by the grad-
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nal into the mouth or respiratory tract, since a laboratory infection has
occurred following the inadvertent contamination of the mouth with
infected monkey gland 4 If desired, susceptible persons may be vacci-
nated.!® Mumps vaccine consisting of mactlvated virus in the form of
infected chick allantoic flmd is iall

A. For IsoLaTiON oF VIRUS FROM SALIVA AND SPINAL FLUD

‘The virus of mumps has been repeatedly recovered from the salva of cases with
parohitis on the st and 2d day of the disease and occasionally thereafter It has not
mfrequently been 1solated from the spinal fluid of cases of memngoencephalitis dur-
ing a period of 6 days following onset 8 It would seem, however, desirable to collect
materals as soon as possible after the appearance of symptoms

Saliva may be harvested 1n a suitable vessel or from small children by means of
a device consisting of a thin, bent copper tube leadmg into a glass trap connected
with an electrically driven suction pump ? Spinal fluid 1s drawn n the usual manner
Matenals thought to contain the virus should be immediately placed in an ice bath
where they may be Lept for a few houts prior to inoculation For longer storage
they should be distributed 1nto pyrex tubes, which are then sealed 1n an oxygen-gas
flame and, after freenng rapidly in a dry-ice-alcohol muxture, are placed m a dry-ice
cabinet It has been deterrmned that the additon of an equal volume of sterle, neu-
tralized skim mulk to mfected-chick ammotic flid maintains the infectivity of mumps
virus unchanged for at least 1 year at about —60° C Moreover, 1t has been found
that such virus-milk suspensions may be shipped by air to remote points without
complete loss of mfectivity 16 Accordingly, milk should be added to provide optimal
conditions for preservation of viral actrvity

B For Serorocic Tes1s
Although attempls to 1solate mumps virus are warranted n special

the L y d is of the disease 1s most readily
accomplished, in general, by serologic methods.

Approximately 5 ml of blood are obtamed The blood is taken under
sterile conditions and allowed to clat firmly. The serum should then be
removed as soon as possible Precautions to avold hemolysis should be
carefully observed The serum should be placed in closed containers It
may be stored at 4° C for not more than 4 weeks After this period the
antibody concentration in human serum may decline significantly * For

this reason it is best to store sera at —10° to ~—15° C !7 Known positive
and negative human sera to be used as controls in complement fixation
tests should be preserved n this manner or in glass-sealed vials m 2
CO: ice cabinet. Under these conditions the concentration of antibody

+The antibody in monkey serum sppears to be more stable
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shit with tincture of jodine and 70 per cent alcohol, the egg is again placed
over the candling Light 1 2n almost horizontal position The volume of
moculum is 0.1 ml By means of a sharp 1%4-inch, 25-gauge hypedermic
needle, the moculation 1s made through the slit with a swift thrust toward
the embryo A lively movement of the latter indicates that the amniotic
sac has been penetrated After removal of the needle, the area of injec-
tion 15 again disinfected, and the opening sealed with fingernail pohish.

b Yolk sac inoculation. The egg 1s candled to locate the boundary
of the air space From the shell over the air space a triangular section
with sides about 1 em long is removed A drop of sterile mimeral oil may
be placed on the shell membrane at the bottom of the air space to render
it more transparent The inoculum in a volume of 0 5 to 1 0 ml 1s then
introduced into the yolk sac by means of a 1}5-inch, 22-gauge needle
Because of the large volume, the njection 15 made slowly to avoid
trauma The triangular opening 1s then sealed with scotch tape stenlized
in the autoclave The egg is incubated in a vertical position with the seal
uppermost

¢ Allantoic sac inoculatron After determining and marking the
position of the embryomnic eye, a shit 2§ inch long is dnlled a httle to one
side of the mark Through this aperture, the sac is entered, employing
a Y4-inch, 26-gauge needle, which 1s inserted at a sharp angle to the
plane of the shell The position of the needle when the 1njection is made
is almost parallel to the shell The volume of 1noculum 1s 0 1 ml

3 Mode of harvesting matersals contarmng the wrus The egg s
candled, the base of the a\r space matked, and the position of the embryo
1f possible Approvit ly Y4 to ¥4 of the shell overlying
the air space is removed The shell membrane at the base of the air space
is carefully stripped off With the egg 1n an upnght position and with
the use of a capillary pipette, the allantoic fluid 15 drawn off, takhing care
to avoud injury to large blood vessels with consequent contammation of
the fluid with erythrocytes If contamimnation by red cells does occur to a
moderate or marked degree, the fluid 1s not added to the pool denved
from other embryos
The egg is then placed 1n a horizontal position with the embryo up-
permost, and the overlymng shell removed. The amniotic fluid is drawn
off by catching a fold of the amniotic 5ac with a pair of round-end
forceps and by entering 1t with a capillaty pipette. The yield of fluid
from infected embryos which have been incubated for a total perted of
13 to 14 days vanes considerably, On the average the volume obtained
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ual addition of the required quantity of suspending fAlnid As the Jatter,
infusion broth or isotonic phosphate buffer solution is suitable. Spimal
flwd m the crude state is used as the inoculum

For moculation the route of choice is the amniotic sac. The usual
volume of inoculum is 0 1 ml This is itroduced into 6 or 8 eggs in the
manner described in Section IV, A, 2, a If 1t is desired to make the in-
Jection under direct vision the procedure described by Leymaster and
Ward® may be adopted. This more laborious manipulation seems unnec-
essary, however, provided an adequate number of eggs is employed, since
1t has been shown with 4 dye solution that the inocylum is deposited in
the amniotic sac in about 90 per cent of cases by the indirect method

Seven- to 8-day embryos are selected and maintained in the manner
described in Section IV, A, 2 The eggs are incubated for 5 to 7 days at
35° C after inoculation, The amniotic fluid 1s then removed and tested
for the presence of virus (see Sections IV, A, 3, and IV, A, 4, ¢).

Evidence for the presence of virus may frequently be obtained in
the primary passage A total of 3 serial passages using pooled mixtures
of amniotic membranes and fluids should be carried out before a nega-
tive result 1s recorded

2 Procedures for senal passages Three routes of mnoculatton have
proved most useful the ammiotic sac, the allantoic sac, and the yolk sac
Inoculation of the chortoall i ploying the technic of
Burnet*” has proved successful but does not appear to offer any advan-
tage. Probably httle multiplication of the virus occurs after intravenous
injection since Bevendge and his associates® found no hemag-
glutinin 0 the ammotic flud under these crcumstances Embryos may
be used which have been developed for 6 to 8 days at 39° C. The at-

sphere of the incub 15 dified during this interval and may be
continued during the period subsequent to inoculation, when the tem-
perature of incubation 15 dropped to 35° C. The optimal post-inocula-
tion period of incubation, 1rrespective of the route of inoculation, is 5 to
7 days Varying amounts of complement-fixing antigen, hemagglutinin,
and mfective virus are present from the 3d to the 12th day after inocu-
lation Maxmmal yields can be usually obtained on or about the 5th day
although the highest titers of hemagglutimin may not be attained until
the 7th day.®®

2. Amniotic sac moculation. The egg is candled, the position of th_e
embryonic eye located, and a shit about 34 inch long is dfilled approxi-
mately 34 inch above the eye over the air space. After wiping around the
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the same age, the mean death rate 1 various lots of eggs was about 25 per eent,
with a range from 11 to 43 per cent From the foregoing data, it 1s clear that whereas
the virus is capable of kullng the embryos, 1t does so irregularly, and therefore
embryonic death cannot be regarded as a rehable indet of infection

b Pathologic changes There are no gross or microscopic pathologic lesions 10
either the dead or lving nfected embrvome tissues that can be speafically associated
with the effect of the virus

© Presence of The of a specific
In materals denved from the moculated ezg may be regarded as a reliable index of
mfection?4 but its absence may bot necessarily indicate that infection has failed to
occur In certain mstances, although this factor cannot be demonstrated, complement-
foumg antigen hu been shown to be present m the ammobe sa¢ The presence and

v be by the techmic descnbed 1n a
subsequent st:tmn (VI B, 2, a) IL‘ specificity can be revealed by showing that
hemagglutinative actity 1s mhibited upnn the addition of specific antiserum to the
«ystem (Section VI, B, 2, b)

When hens’ erythrocytes are used in the test, the highest concentration of hemag-
lutinin occurs in the amniotic fuid, even 1n matenal of the first egg passage, irre-
spective of whether the jolk sac or the ammiotic sac has been selected as the route
of moculation In contrast, the factor may not develop 1n the aflantoic flud under
these conditions of moculation unti! several serial passages have been carried out
Indeed wath certain strains satisfactory adaptation to the allantotc system has not
been obtaned Yolk flwd 15 also hemagglutinative according to Bevendge and his
co-workers 30

Tests for bemagglutmin 1n amnwotic membranes from earlier passages have
yiclded reregular results Materuals from later passages have proved more regularly
hemagglutinative At present, however, the routine use of ammotic membrane sus-
pensions as hemagglutimn s not recommended

d Presence of complement-fiming antigen The method of complement firation
for determning the presence of antigen was the first to be employed as an ndex of
mfection 1n the embryo It 15, as noted above, a somewhat more relable procedure
than the test for the presence of hemagglutinin

In the authors® experience the virus appears to have a tendency, at least in the
first egg passages to multiply most regularly and actively in the amniotic membrane
s indicated by the constant and high concentration of complement-fiung antigen
In this tissue as compared with other embryomc constituents But after prolonged
emal passare v.a the volk sac and ammon or a more limited pumber of passages
via the chortoallantoic sac, certan strains of the virus at Jeast become adapted to
the allantoic system so that titers in the same range as those obtained with ammotic
matenat may be anticipated

B In THE Mowkey
1 Techme of I The of the
monkey via Stensen’s duct 1s described in detail hy Johnson and Good-

pasture ¥ By means of a 24-gauge hypodermic needle from which the
point has been removed, the orifice of Stensen’s duct is entered. Ths lies




290 DIAGNOSTIC PROCEDURES

is from 0,25 to 0 5 m! Larger yields are derived from eggs which have
been incubated 11 to 12 days If it is desired to avoid contamination
with albumin, the ammotic ffluid should be harvested before the 12th
day, since at this time the albumin begins to enter the amniotic sac.2?

The remaimng contents of the egg, with the exception of the chorio-
allantoic membrane which is retained within the eggshell by pressute
with the forceps, are deposited in a sterile petri dish, taking care to
separate forcibly the chorioallantoic membrane from the amniotic in the
area of the pomt of attachment, since once the membranes are intet-
mingled in the petri dish, 1t 1s difficult to distinguish them The amniotic
membrane 1s then stripped from the embryo, If, during the above pro-
cedures, the embryo should have slipped out of its enveloping membrane,
the membrane can be located by following along the tissue from the
point of attachment to the embryo, Frequently, the amniotic membrane
covers part of the surface of the yolk sac and must be carefully teased
away. Because the weight of individual membranes is small, varying
from 0.2 to 0.5 gm , a pool is made of 4 or 5 membranes. The tissues are
washed in about 10 m] of physiologic salt solution and their wet weight
determined. The yolk sac can be ruptured with the forceps in order to
release the larger part of the yolk Much of the remaining yolk can be
removed by washing the sac 3 or 4 times in sterile salme The wet weight
of individual yolk sacs varies from 1.5 to 3 § gms. Of both the amniotic
and the yolk sacs, a 20 per cent suspension is made by grinding the ma-
terial in a mortar with stenle alundum and saline. After centrifugation
at about 1,500 r p m. for 10 minutes, the supernatant is preserved for
further testing, Susp of i b and of the
embryo may be prepared in a similar manner Tests for bactenal con-
tamination are immediately carried out on each pool of material Al
materials ¢an be stored in the icebox overnight until the cultures for
sterility are examined. If storage is to be maintained for a prolonged
pertod, it is best to keep the material in glass-sealed pyrex vials in the
CO;cabinet,

4, Indications that infectson has occurred.

a. Death of embryo The proportion of embryos which die after mocula-

(Enders strain), the death rate after yolk sac moculation of b~ 10 J-udy emwiyv
aviraged 40 to 50 per cent after 7 to 9 days, although 1t ranged from 8 to 57 per
cent in individual esperiments After moculation of the amniotic s3¢ of embsyos of
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recormended for obtaming the 2d specrmen of serum because the antibemagglutinin
may at times appear after the complement-fixing antibody

d Tests for active immumty Johnson and Goodpasture have shown that
monkeys which had secovered from mumps ated to respond with typical syraptoras
when remoculated with the virus via Stensen's duct33 The absence of typical
symptors, then, following the mtroduction of 2 ml of a § per cent suspenston of
parotid gland shown, by moculation 1nto & normal monkey, to contam active virus
15 evidence of active immunity resulting from the primary noculation The develop-
ment of a firm, hard swelling of the gland within 24 to 72 hours after the moculum
15 administered 15 further evidence of the immune state This accelerated response
which follows in a high proportion of resistant monkeys ts . all probability a mani-
festation of hypersensitivity to the virus The accelerated reaction may persist for
several days but 1s rarely discermible after the 6th day following mnoculation

¢ Senal passage of virus The mamtenance through several sahvary gland
passages of the virus 15 essential for its complete identsfication The gland 15 re-
moved at the aptimal ume as defined above and tested for the presence of comple-
ment-frung antigen The procedure should be cepeated watil typical swelling and
edema are regularly produced

C IN SmALL EXPERIMENTAL ANIMALS

‘Mumps virus has been reported to multiply in the parotid glands of
cats,® but this has not been confirmed More recently mumps virus has
been shown to multiply and cause corneal opacity after injection mto
the antertor chamber of the guinea pig’s eye 333¢ and to grow 1n the Jungs
of adult hamsters after intranasal moculztion ** The latter method has
been applied to the demonstration of virus in saliva from mumps patients
by taking an antibody response in the hamster as the ctiterion of virus
multipheation Egg-adapted mumps virus has been successfully adapted
1o the brains of suckhing hamsters and suckling mice by Kitham and his
associates, who also reported similar adaptation directly from certain n-
fected human materials 3*3% These adapted strains in very young ani-
mals produce a fatal encephalitis which may ke prevented in a neutra-
lization test by convalescent mumps serum

D. In Tissue CurTURES

Henle and Deinhardt3* have recently shown that cultures of the
Hela strain of human carcinoma cells and of trypsinized monkey kidney
cells can be effectively applied to the isolation of mumps virus from the
saliva, The results of a comparative study demonstrated that the tissue
culture reveals the presence of virus more frequently and more rapidly
than the chick embryo HeLa cell cultures proved more satisfactory than
those of monkey renal cells since cytopathic changes induced by the
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adjacent to the papilla situated on the buccal mucous membrane, at a
point approtimately opposite the Ist upper molar, About 2 ml, of the
crude diluted saliva is gently forced into the gland. Visible swelling of
the gland ov its increase in size as revealed on palpation duting the
process of inoculation will indcate whether or not the materjal has been
successfully introduced. The bacteria that contaminate salva rarely
perstst 1n the gland or cause an infection ‘

2 Cnteng of mfection Although some animals may respond to infection by 2
nse of temperature and leukopema, these mamiestations have not been constant
features of the expermental disease Dependence 15 placed upon the fulfiliment of
two or more of the following cnteria of infection In most mstances, those men~
tioned under 2, b, and ¢ have been regarded as sufficient evidence for the nature of
the disease

2 Swelling of parotid gland Enlargement of the noculated parotid gland due
to the Infection 1s not observed n normal monkeys until the 6th or 7th day Jollow-
g the mtroduction of virus Thereafter, m typical cases, increase n size of the
gland occurs rapidly, accompamed by marked edema of the surrounding tissues
These manfestations, 1 most nstances, reach therr height on the sth or 9th day
and then rapidly subside The degree of enlargement of the gland after 1poculation
of saliva may be muumal and may be accomparned by ittle or no edema On sub-
sequent passages, however, defiite swelling of varying desrees 1s a constant feature

b Demonstration of complement-fing antigen i the parotid gland Com-
plement-fixing antigen 15 nearly always present and m maximal concentration in the
parotid gland on the Sth to the 6th day after tnoculation Its demonstration, there-
fore, 15 a rehiable criterton of infection

Infected gland has proved unsahsfactory as 2 source of hemagglutmin since it
has not exhibited the capacity to agglutnate most Jots of chicken erythrocytes,
which are, however, agglutinated by nfected egg fud

¢ Confirmatory serologic tests

(1) D of fang antibody C fiupg anti-
body appears 1n all animals moculated With active virus and tested between the
10th and 14th day For 1ts demonstration, a blood sample should be taken at the
time of inoculation and at least once again on about the 14th day, when titers corre-
sponding to those found m convalescent buman serum should be encountered if the
inoculur contamed virus (see Section VI, A, 7) Specimens of serum are obtamed
before moculation because monkeys in contact with others i the acute stage of
mumps may undergo an 1apparent disease that results in the development of com-
plement-fixing antibody

(2) Demonstration of anthemagglutinin A serum factor which mhibits the
agglutination of red cells by the virus hikewise develops regularly following infec-
fion32 A sample of serum should be obtamed before noculation and agam on
about the 18th day thereafter, and tests for the mhrbiting antibody should be caz-
Ted out according to the techme described m Section VI, B, 2 The 18th day 18
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VI. DIAGNOSTIC PROCEDURES DEPENDING UPON
THE DEMONSTRATION OF SPECIFIC ANTIBODY

A. CoumprLEMENT Frxation TEST

1 Apphcations The complement fixation test has proved to be a useful tool
In the laboratory The following is & st of circumstances in which this test has
been employed

a For the determunatton of immunity 1n an ndividual exposed to mumps 142

b To distingush, from a group of potentially susceptible persons, the large
number that would be resistant to the discase—of use m expernments for the
evaluation of prophylactic agents, since about one-third of the population has under~
gone an inapparent infection and 1s presumably immune 43.4¢

¢ To observe the effects of vaccmation i man and monkey 17434445

d To chagnose mumps menmingoencephalts, particularly an the absence of ia-
volvement of the sahvary glands 88,10.48

e To distngush other salivary gland diseases from mumps 17

f To detect the multiphication of virus in the parotd gland of the monkey
that has been moculated 17

g To detect the multiplication of virus in the various tissues of embryonated
eggs 232430

2 Preparation and tiration of antsgens, The following antigens
may be used m the complement fixation test

Crude chick embryo antigens

Chick embryo S and V antigens

Extract of parotid glands of infected monkeys

a Crude antigens derived from infected chick embryos Allantoic
or ammotic fluid from this source 1s now generally used as complement-
fixing antigen Since allantosc fluid may be obtained in larger amounts, it
has been most extensively employed These materals are harvested on
the Sth or 6th day fram embryos previously inoculated with mumps virus
by the appropriate route. Their capacity to fix complement in the pres-
ence of either monkey or human serum known to contzin antibedy

serum) 15 ined in a “box” or “check " titra-

tion, Increasing dilutions of the flud (undiluted through 1:64) are
tested agawnst suitable dilutions of serum (e g, 1.8 through at least two
dilutions beyond the serum end pont if this 1s known from previous
determunations with other lots of antigen If the serum end point is un-
known this should be approumately determined, using infected flusd
diluted 1:2) The highest dilution of antigen that gives the highest
serum titer is used in subsequent tests. Each antigen should be titrated
against at least 2 positive sera as well as 2 or more sera known to contain
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mumps virus became evident sooner in the former and were not to be
confused with those produced by so-called “foamy viruses” often latent
in monkey cells It would seem, therefore, that the tissue culture may
offer in the future the method of choice for the isolation of mumps virus
At present its chief disadvantage as compared with the chick embryo
Ties in the fact that viral hemagglutinin does not usually appear in the
culture fluid The absence of hemagglutinin makes is necessary to carry
out in vitro neutralizing tests, whick are lahorious and time-consuming

V. CERTAIN PROPERTIES OF THE EGG-ADAPTED VIRUS

A. S1zE AND SHaPE

Johason and Goodpasture31 demonstrated that monkey parotld virus will pass
Berkefeld N and V filters 31 Wath the Elford graded-porosity membranes, Enders 3
found the egg-adapted virus to measure 90 to 135 my whereas Habel 22 found st to be
over 340 mu Electron micrographs bave indicated about 233 mu2® with eonsiderable
varation 1n size and irregulanties of shape In the same study the sedimentation
diagrams showed two boundaries— principal one with a constant § = 1311 X 10-1%
and a secondary peah at § = 1940 X 10-13,

Other studies18 have revealed the ease with which concentration of the wnfec-
tive virus particles may be obtained by centrifugation (20,000 rpm for 20 minutes)
To sediment the soluble complement-fiung antigen, however, requires a greater
force applied for a longer period (30,000 rpm for 1 hour).

B RESISTANCE To PHYSICAL AND CHEMICAL AGENTS

Most of the properties of mumps varus are relatively resitant to heat, comple-
ment-fimng antigen withstanding 80° C for 20 minutes Infectivity and hemaggli-
tinin may be destroyed at $5° C for 20 minutes,3? but Kilbam40 has found with
certam strams a greater stability of both these properties at 56° C At room tem-
perature be was able to demonstrate infectivity and hemagglutinatron after 91 fli)’s
in the case of certan recently 1solated strams Al the propesties of mumps virus,
ineluding nfectivaty, will be preserved for at least 1 year 1f kept at —50° C to 70° C
When the protein content of the suspensions 1s low as tn mfected amniotic or al-
Tentore fwd, 1t 16 desirable to augment 1t by the addition of an equal volume of
sterile, defatted, neutralized milk Otherwise, marked loss 1n infectivity may occtt
after 2 few months The actiaty of the varus m egg fiuids may also be preserved
guning transit by air mail by the addition of stenle milk without fusther precau-
tions At 4° C the hemagglutinn, complement-fixing and skin test antigens wil
remain potent for several mont

‘Mumps varus has heen reported to be most stable in the pH range of 58 to 8 02%

Infectivity is readily destroyed by treatment with 0 2 per cent formalin at 4 C

vt h complement-finng antigens This
) The infectivity 18 also destroyed
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antigen This is prepared!? by grinding the tissue with powdered alundum
in a mortar with the gradual addition of physiologic salt solution until
a 20 per cent suspension 1s attained The suspension is then centrifuged
at 3,500 rpm for 30 munutes m an angle centrifuge The opalescent
fluid is removed from the sediment, taking care #of to include the fatty
pellicle at the surface. The antigen thus obtained is titrated 1n exactly
the same manner as described for chick embryo materials except that a
wider range of dilutions are employed (1 20 through 1.2,560) and an
extract of normal monkey parotid tissue prepared in the same manner is
ncluded as an additional control of the specificity instead of normal
embryome materials

3 Blood serum and other flusds Human serum 1s heated at 60° C,
monkey serum at 62° C,, for 20 minutes just before the tests are carried
out If the serum is found to be anticomplementary, heating for a second
time, after allowing the serum to stand at 4° C or even room tempera-
ture for an hour, will usually remove this property without affecting the
antibody content 17 The second heating may also be carried out after the
serum is diluted and stored in the 1cebox overmght

Other fluids such as spinal fluid and hydrocele fluid may be heated at
60° C for 20 mmutes just before the test 15 performed to remove any
anticomplementary actwity as well as to inactivate any complement that
may be present

4 Diduent Veronal buffer, contaimng quantsties of Ca+-- and
Mg++4- optimal for complement activity, 1s used as diluent for all
reagentsA®

S Complement Sera from at least 6 guinea pigs are collected,
pooled, and stored 1n glass-sealed ampules in the CO, cabinet No diminu-
tion of complement titer has been observed under these conditions over a
period of several months For this reason, it 1s not necessary to titrate
the complement each day a test 1s run 1t 1s desirable, howener, to chech
the titer of the complement whenever new lots of reagents (sheep cells
or amboceptor) are being used for the first time

Complement titrations are carried out m duphcate, using a stock
solution of freshly thawed guinea pig serum diluted .10 One m! of
this solution is further diluted to 1.90 and volumes of 0 04 ml,, 0 06 ml,,
008mi,010m!,012ml,0tam!,0.16 ml,0.18 ml,and 020 m! are
pipetted into a series of tubes. (It may be necessary to shift this range
of volumes with different lots of complement,) These volumes are in-
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1o mumps complement-fixing antibodies. The quantities of reagents, the
controls, and the procedures are the same as those described below for
the complement fixation test itself. The end point of reaction is consid-
ered to be the highest dilution in which 34 or 44 fixation occurs As
additional controls of the specificity, allantoic or ammotic fluid from
normal embryos of the same age or a 20 per cent extract 1n salt solution
of the allantoic and ampiotic membrane from the same_source are em-
ployed All complement-fixing antigens should preferably be stored in
the CO; cabinet until wanted for use.

b. S and V antigens prepared from mfected chick embryos The use
of purified S and V antigens in certain instances has been reported as
being espectally helpful in the serologic diagnosis of mumps virus infec-
tions 13:46:48 The preparation of these antigens was described as follows
by the Henles 48

Suitable numbers of 8-day-old chick embryos were moculated with 05 ml of
mfected allantoic fuds diluted 1 broth to 10-2 to 10~4 by the usual technic After
5 days of further incubation of the eggs at 36-37° C the allantoic fluds as
well as the allantoic sacs were harvested aseptically The fiwds contawng the virus-
bound antigen (V) were dialysed in sterile cellophane bags agamst 20 volumes of
M/100 phosphate-buffered saline of pH 70 m order to remove most of the urates
prior to irradiation by a technic previously described 432

The sacs were thoroughly washed m stenle buffered salime solution, dramed on
stenle filter paper, and weighed A 20 per cent suspension in buffered safine solution
was made by emuls:fying the tissue 1n a Wanng blendor for 3 minutes After pre-
lmunary centrifugation of the suspension at 2,000 rpm for 10 minutes, the super-
natant flud was subjected to high speed centrifugation at 20,000 rpm. for 20
minutes The supernatant flud obtained after this centrifugation served as soluble
(S) antigen

Control antigens were prepared according to the method described above from
unmnfected chick embryos of the same age and usually from the same batch of eges
supplying the mumps preparations The normal allantore fluid gave positive com-
plement fixation tests with human sera only very rarely In these cases, the control
antigens prepared from normal allantax merabranes, likew1se, gave positive results
The normal allantoie fluid was omtted, therefore, m Jater tests

The dialysed 1mfected allantorc fiud was irradiated 1n order to mactivate the
virus, and the membrane antigen was treated m the same way To all antigens
1 10,000 merthiolate was added as a preservative They proved to be stable at 4° C
for at least 3 months

¢ Monkey parotid antigens, For special purposes (e g, to investi-
gate the cause of the rare false positive reactions that may occur with
certam human or monkey sera and antigens derived from chick embryos),
it may be desirable to employ an extract of infected monkey gland as the
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¢. Unknown serurs (lowest dilution) and 1 umit of complement.

d Unknown serum (lowest dilution), 2 umts of complement and rormal anti-
gen (normal parotid gland suspension or Rormal embryonic fiuid or membrane sus-
pension)

¢ Complement sctivity controls conssting of duplicate series of 4 tubes con-
taning ¥4, 1, 1%, and 2 unuts of complement, respectively

f Controls for anticomplementary activity of all antigens employed, to each

antigen 15 added 1 umt and 2 units of complement, respectively

In addition a number of dilutions of 2 known positne serum are prepared
suffcient to cover the end potnt range To these are added test antigen and 2 units
of Controls for the effect of this positne serum
and 1ts nonspecific reaction with normal antigen are included (see controls 2, 3, 4
above) A known negative serum diluted 1 2, test antigen, and 2 umts of comple-
tment with the usual controls for this serum should also be mcluded

After the addsition of salt sotution sufficient ta bring the volumes to equivalence
with those of the test, the control tubes are maintained under the same cond:tions
and to each 15 added 0 25 ml of sensitized sheep cells the follow ing morming

8 Interpretation a Complement-fiming antibody as an index of immumty
The available data! 42 indicate that when this antibody 13 present 1n human sera
it has arisen as the result of previous apparent or ingpparent Infection except 1n cer-
tain persons who may have receved mumps vaccine or the skin test antigen 43,51
Moreover, there is no evidence that in other acute wnfections the antibody may
appear or Increase as a result of an anamnestic response Hence, because of the sohd
and endunng immumty m mumps, the presence of complement-fing antibody
may be regarded with & bigh degtee of probability as an indication that the inds-
vidual 1s resstant Direct evidencedl42 for the vahdity of this interpretation is
affarded by the fact that the number of cases of mumps occurring 1n positive re-
actors has been very low (110 2 per cent) Failure to demonstrate complement-fixing
does not, however, exclude the possibility of previous infection and hence presump-
tive immunity since it has been found that 20 to 30 per cent of those giving &
positive history of mumps fal to gne positine tests 41,42 The accuracy with
which the immune status of an individual ean be evaluated s increased by the con-
comutant use of the shin test (sce Section V1, B) If both tests are postive the
chanees of acquiing an infection following natural exposure appear to be exceed-
ingly small 42

A proportion of the small aumber of false posttive complement fization reac-
tions can probably be atinbuted to materials appeanng 1 the fuids as a result of
infection of the chick embryo but quite unrelated ta the virus Such matenals pre-
sumably react with an antibody or antibodybke factor fu the serum of certain
individuals Thus It has been shown that the serum of at least 1 individual that
fixed complement in the presence of infected allantoic flud faled to react with
antigen prepared from infected monkey parotid gland This serum exhibited no
fixation with normal allantoic flnd or membrane extract

b Complement firation test as # duagnostic procedure Conclusive serologic
evidence of Infection by the virus of mumps consists In the demonstration of a
4 fald of greater Increase in the concentration of complement-fixing antsbodv dunng
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creased to 05 ml. by the addition of veronal buffer, and 0.25 ml. of
sensitized cells (see 6 below) is added. The contents of the tubes are
mixed and incubated n the water bath at 37° C for 30 minutes The
tubes are agitated at 5- to 10-mimute intervals to keep the cells in sus-
pension, The unit of complement is taken as the smallest amount that
gives complete hemolysis in the titration For use in the test the comple-
ment 1s further diluted so that 0.3 ml contains 2 units

Because of the presence of optimal amounts of Ca++- and Mg+
in the diluent, the antigens described above usually have neither an
enhancing nor inhibitory effect on the complement, and it is therefore
seldom necessary to titrate the complement in the presence of the anti-
gens The controls included in each test (see 7 below) will indicate rela-
tive amount of residual free complement present at the completion of
the test.

6. Hemolytic system Sheep blood collected in modified Alsever’s
solution® can be stored for two months or more in the refnigerator and
still serve as a source of red cells for the hemolytic system, For use in the
test the cells are washed 3 times in veronal buffer and 2 2 per cent sus-
pension prepared To 1 volume of this suspension, 1 volume of diluted
antisheep serum containing 2 umts of amboceptor is added 15 minutes
before the sensitized cells are used in the test

7. The complement fixation test. Twoiold dilutions in buffer of the
inactivated serum to be tested are prepared in appropriate volumes,
taking care that the lower dilutions are i sufficient quantities to satisfy
the varlous controls that will be required For diagnostic tests, dilutions
of 1 2 through 1:250 usually are sufficient Into each of a series of tubes,
0.1 ml. of each dilution is then pipetted To each tube are added 2 units
of complement in a volume of 03 ml , and then 0.1 ml. of appropriately
diluted antigen The mixtures are shaken and kept overnight at 4° C.
“To each are added 0 25 ml, of sensitized sheep cells after all reagents
have come to room temperature the following morntng The degree of
hemolysis is recorded after incubation for 35 hour at 37° C. in the water
bath. The end pomnt 1s taken as the highest dilution giving definite fixa-
tion of complement denoted as 44 or 3+ Complete fixation is denoted
atd-+.

complement
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a Titration of hemagglutinin A series of 2-fold dilutions of the
infected flmd (amniotic or allantoic) are prepared in 0 85 per cent sodium
chlortde solution, A separate pipette is used for each dilution To 0 5 m]
of the diluted flud in 8 mm round-bottomed tubes is then added 0 5 ml,
af 025 per cent suspenston of pooled erythrocytes (from 4 chickens}
that have been washed 4 tumes m 1sotomc salt solution After thorough
mixing the tubes are allowed to stand for approvimately 1 hour at room
temperature when the degree of agglutination in each tube is recorded
according to the cell pattern formed on the bottom of the tube (see Sec-
tion VI, B, b, 3) The highest final dilution of the fluid that gives com-
plete agglutination 1s considered to contain 1 hemagglutinating unit
perml]

b Titration of antihemagglutinin Sera to be tested are inactivated
at 56° C for 30 munutes and serial 2-fold dilutions prepared 1n salt
solution To 0.25 ml of each dilution of serum is then added 05 ml of
diluted embryomc flmd containig 8 hemagglutinattng units of virus
per ml , thus a total of 4 umts is used i the test

The following controls are mcluded-

{1) 025 ml of lowest dilution of serum tested 4- 0 5 ml salt solu-
tion

(2) 05 ml of diluted embryonic fluid (4 units) 4+ 025 ml. salt
solution

(3) Appropriate d:lutions of acute and convalescent phase mumps
sera known to present at least a 4-fold difference between their titers,

Control 1 reveals any modifying effect the serum 1itself may have on
the pattern of agglutinated cells Control 2 confirms the hemagglutinat-
tng actwvity of the virus Control 3 confirms the specificity of the results

The test muxtures and the controls are kept at 37° C for 1 hour. At
the end of this reaction period, 025 m! of 05 per cent suspension of
washed chicken erythrocytes 15 added to each tube After thorough
mixing, the preparations are allowed to stand at room temperature for
about 1 hour The clearest readings can be made just before all the cells
have settled on the bottom of the tube This condition is obtained after
about 1 hour at ordinary room temperature {18~20° C.), If the tem-
perature is unusvally elevated or depressed the rate of settling will be

shorter or longer since 1t has been found to vary with the temperature
1t the cells are allowed to stand until complete setthing bas oceurred, the
ch istic, evenly distrib layer of aggluti cells often shrinky
togeiher, forming a pattem which tmay simulate that of the round “but-




300 DIAGNOSTIC PROCEDURES

the course of the disease * In parotitis the antibody first appears i many mdrviduals
on the 5th to the 7th day following the appearance of the swelling and is o be found
1 nearly all cases by the end of the 2d week Occasionally, antibody may be demon-
strated at the tune of the onset In other manifestations of nfection, particularly
meningoencephalitis, antibody may have attamed a high level by the tume the first
spectmen of serum 1s obtamed, and no increase in titer can be demonstrated, espe-
caally when a single antigen is used 1n the test Under these circumstances, however,
titers of 1 64 or higher are “suggestive” of the nature of the infection since they ate
only rarely encountered in the sera of individuals who have experienced an infection
1n the more or less remote past Presumptive evidence of infection may be obtamed
1 a certain proportion of cases early in the disease 1f both S and V antigens are
employed since, as the Henles have shown,43 the S antibody frequently tends fo
reach 1ts maximum more rapidly Thus 1f a high anti-S and a Jow anti-V titer are
encountered 1n the first specimen of serum taken, a presumptive serologic diagnosis
may be made at that time If & sigmficant mcrease 1m the V antibody can be sub-
sequently determined, the serologic diagnosis is rendered conclusive

In cases where 1t 15 desired to mvoke the corplement fixation test as a diag-
nostic ard, skin-testing should not be done since 1t may be followed by the forma-
tion of specific antibody or by its increase 1f already present

B INHIBITION OF HEMAGGLUTINATION

1 Apphcations So far, the inhibition of hemagglutination by serum contaming
specific antibody has been employed 1n the following circumstances®

a To demonstrate specificity of the hemagglutination observed in the fmds
of the infected egz Several varal agents56.57.58,59 as well as other factors60.91 can
cause agglutination of erythrocytes indistinguishable from that brought about by
the fluids from chick embryos infected with the mumps virus

b To demonstrate specific antihemagglutinn for diagnostic purpose In persons
recently convalescent from mumps 82.62,6%

¢, To measure the immune response followmg vaccination with tmactivated and
attenuated murps vacemes £4,65

2 Technic. The methods of Hirst® and of Salk® have been em-
ployed, In most recent investigations that of Salk with certain modifica-
tions has been adopted. The details of the test as given below are taken
{rom the paper by Robbins and his associates.®?

[ . fant e fartars
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the test in ovo utilizes an animal—the chicken embryo—which shows no
visible or obvious sign of its mumps infection, so that virus neutraliza-
tion by the serum under test must be demonstrated by indirect means.
Lack of virus multiplication 1n the embryonated egg is the criterion of
neutralization, and this may be shown either by complement fixation of
pooled ammotic or allantaic fluads against 2 known mumps antiserum or
more eastly by testing for the presence of viral hemagglutinin This
latter procedure has rvecently been standardized by Gotlieb and her
co-workers *7 and with slight modification 1s as follows

A pool of mumps-nfected allantorc Auid should be made and stored at —50° C
to —70° C in sealed ampules after shell freezing The infectivity titer of this pool
for 8-day-old chick embryos should be determined under the conditions of the
actual test as aven below Sera should be inactivated at 60° C for 20 minutes and
preferably stored at —20° C until tested Serral 2-fold dilutions of sera 1 physio-
logical saline are made 1n 05 mt volumes and to these are added equal volumes of
the standard virns diluted 1n beef heart infusion broth to cantain 1,000 to 10,000
Dy, per egg dose As a precaution agawst bacterial contamination from serum
specimens, 1t 1 usually advisable to add 250 units each of pemcillin and streptomycin
per ml to the virus-serum muxtures before incubation Incubation may be for 1 hour
137° C or,1f more convenient, at 4° C for 18 hours At the end of this period each
mixture 1 1moculated in amounts of 02 ml mto the allantoic sac of six 8-day-old
chick embryos After incubation of these eggs at 36* C for 6 to 7 days, {ndividual
allantorc fluds are harvested and checked for the presence of hemagglutinin by
adding a 1 per cent suspension of chicken erythrocytes In each test a standard
known positive serum at an sntermediate dilution should be included along with a
titration of the test virus, employing sersal 10-fold dilutions to which equal volumes

. . . . w
. . I . -

Factors infl the above have been
evaluated ** The potentiating effect of a heat-labile component In fresh
sera upon neutralizing capacity of serum as reported by Leymaster and
Ward® appeared to be mediated through its hibitory effect on virus
titer and was only mimimal in the actual neutralization test. This effect
18 eliminated by inactivation of all sera before use in the test, In corre-
lating the quantity of virus with the quantity of antibody, Gotlieb and
her associates present good evidence that it requires a 1,000-fold decrease
in the amount of virus used before a 10-fold increase in neutrahzation
ndes of a given serum will take place This gives very reasonable prac-
tical limits within which standard test virus titers may vary without
appreciable alteration in serum indices, The most significant variable is
due 10 the | ities of viral multipli in individual eggs when
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ton” presented by cells not agglutinated by the virus. As a rule, no diffi-
culty is experienced in reading the tests except in tubes containing the
largest amounts of serum In these the pattern is often atypical, consist-
ing of a broad flat button usually with an irregular periphery. This is
regarded as the effect of partial agglutination, probably modified by the
presence of serum, It can be readily distinguished from a true negative
reaction, which is manifested by a small, round discrete button of cells
that streams.when the tubes are tilted, The atypical button does not
stream but, remaining intact, may slide down toward the lower side of
the tube, Further aid in interpreting these atypical reactions may be
obtained by camparing thetm with the appearance of the cells m contro!
No 1 These reactions are without doubt attributable to nonspecific
antihemagglutinating factors present 1n normal serum. Certain workers
have found 1t desirable to reduce their effect by treating the sera with
NalO, For this purpose Henle and her co-workers * have satisfactorily
employed the following technic: 0 15 ml, of 0,17 NalO, is added to
0.5 ml of the serum The misture is allowed to stand for 30 minutes 8t
37° C. when 0.15 ml of 40 per cent glucose solution is added The vol-
ume 1s then brought to 1 m! by the add:tion of salt solution

The antil lutimin titer is d as the reciprocal of the
final dilution of serum, which completely prevents agglutination of the
cells by the virus

3 Interpretation The available data82.63.64,85 indicate that a 4-fold or greater
nse m antthemagglutmin affords conclusive evidence of infecton by the mumps
virus (see footnote, Section VI, A, 8, b) If the first specemen of serum 1s taken withm
4 days after the onset, a significant mcrease m this antibody can be demonstrated
1 nearly all cases, 1f taken between 4 and 8 days, an increase cannot always be
detected since the maximal level may already have been attamed In general the
results of comparative tests have shown that thase obtained by the hemagglutmnation
inhibition test closely parallel those obtamed by the complement fixation technic
In a few mstances, however, it has been possible to demonstrate a significant wncreast
by one method and not by the other Since the hemagglutinatson whibition test is
easier to pecform and the results are more rapidly available, 1t would appear to be
the routine procedure of choice

The antthemagglutiin test has not been apphed successfully as a means of
determining resistance or susceptibility because of the lack of methods for ehminating
with certamty all nonspeeific factors 1n serum that may mhibit hemagglutination

C. Vmrus NeutrALIzATION TEST

1. In the embryonated egg Virus neutrahzing antibodies may be
demonstrated in mumps immune or convalescent sera by techmics essen-
tially the same as those used in neutralization of other viruses However,
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the same type of response, During the past several years, mumps skin
test antigen and control material prepared from infected chick embryo
allantoic fluid has been available commercially in the United States *

A PREPARATION OF ANTIGENS

Although most of the early pubhished findings with the mumps skin
test were obtained by the use of material prepared from infected monkey
parotid gland tissue, at the present time egg-adapted virus is the most
practical source of skin test antigen. For this reason the method of
preparation will be given for chick embryo virus, although it 1s equally
applicable to emulsiens of infected monkey parotid gland.

Allantoic fluid of high virus titer prepared by usual technics (see
Section IV, A, 2) 15 used as the source of antigen The titer of egg infec-
tivity should probably be above 10¢ The infected fluid itself undiluted
or diluted with phosphate buffer solution is 1nactivated by heating in a
water bath to 65° C for 20 minutes A preservative such as 0 5 per cent
phenol or 1 10,000 merthiclate 15 then added After storage at 4° C for
several weeks the matenal 1s esther filtered or centrifuged to remove any
precipitate which tends to form on standing 1n the cold Seme laboratories
prefer to mactivate by exposure to ultraviolet hight*? or to concentrate
and punfy the virus antigen from the allantoic flud by alcohol precipi-
tation in the cold (25 per cent ethyl alcohol at 0° C) Another procedure
recommended for purposes of punfication conststs in the dulysis of the
heated infected allantoic flurd before the addition of a presenative %2

Tests required before use of any shin test material in human subjects
include those for stenlty, lack of ifectivity for chick embryo as a
chech on mactivation, general safety as indicated by lack of effect of
inoculating mice with 05 ml intraperitoneally, and finally a test of
potency Potency apparently can be based on the quantity of comple-
ment-fiving antigen contained 1n the material, 4 umts of antigen (at
leasta I 4 dilution of final skin test material should give a 44 fixation
1 presence of known positive serum) having been found to be potent in
actual use Further control of potency may be obtained by a trial screen-
ing test on several human subjects with a known positne history of
mumps,

Control material for use in the test consists of normal chick embryo

* Eli Lilly, Lederle Philadeiphia Serum Exchange
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hemagglutmation is used as the criterion of infectivity. The recom-
mended high infectivity of the test virus and longer periods of incubation
tend to reduce this varability, The use of pools of fluid from all eggs
inoculated with any one dilution of serum and the complement fixation
test for demonstrating virus appeared to reduce this irregularity but also
seemed to give lower n 1 indices for i/ mumps sera

2. In suckling mice and hamsters. Kilham ef ol," have described a
direct neutralization test in suckling mice using a mouse or bamster
brain-passage virus Their results were comparable to those obtained by
duplicate tests # gvo. The technic involves the admixture of nacti-
vated serum dilutions with 100 LD+, of suckling mouse or sucklmg ham-
ster brain-passage virus, mcubation at room temperature for 30 minutes,
then intracerebral inoculation of 8 randomly distributed 1-day-old Swiss
mice Symptoms of encephalitis appear after the 9th day, and death is
taken as the basis for the calculation of 50 per cent end points Mice are
held for a total of 3 weeks before the test is terminated Mumps virus
well adapted to suckling animals is required for this test, but there is
the advantage of defimte criteria of mnfection and direct test for the pres-
ence of antibodies 1n the sera.

3 Interpretation 3 Neutralization test as an index of Jmmumty, Accumu-
Tating evidence 1 two different mvestigations indicates that the presence of neu~
teahzing antibodies 1 human serz even 1f the index 15 as low as 2 wgmites past
expertence with the mumps virus and probable mmumty 1571 In 767 ndividusls
previously negative far the presence of neutralizing antibodies by an iz ovo technic
at a1 2 cilution of serum, Habell5 recorded 68 cases of mumps during an epidemic,
whereas in 420 whose serum Was positive only 2 cases of chmical disease subsequently
developed 1n spite of approximately equal exposure Evidence presented in the re-
perts Just mentioned also strongly suggests that neutralzing antibody response to
mumps vaccine 1s the best indication of effective mmunization

b Neutralization as a diagnostic pracedure Although neutralizing antibodies
are reacily demonstrable by the end of the 1st week m mumps infection and reach 2
peak at 3 weeks, 576972 the 1 ovo test 18 too cumbersome to be used for routn®
diagnoshic purposes Perhaps the direct neutralization in suckbng mice might be
more practical, especially 1n those Jaboratories not equipped to do 1 vitro serologic

tests
VII SKIN TEST
Enders™ was the first to demonstrate that human beings immune to
mumps reacted to an ntradermal inoculation of wactivated virus {from

the infected monkey parotid gland. Subsequently, Habel® showed that
chick embryo adapted mumps virus after similar inactivation elicited
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assoclates?4 have reported that the attack ratc was 23 per cent in 340 negative
reactors (monkey parotid antigen) subsequently exposed to mumps The Henles4?
found 1 per cent of 1,028 skin test positives, 5 per cent of 236 wath doubtful
reactions and 19 per cent of 614 negatives subsequently developed mumps. Thus,
a3 hag been found by other tuvestigators,778 & positive skin test 18 not absolute
but very strong evidence of actual ymmunty to mumps

The skin test finds sts chief usefulness in the determination of the immune status
It is of Little value in the diagnosis of suspected mumps infections A negative his-
tory of mumps, especially 1 an adult, does not necessarily indicate that the Indi-
vidual is susceptible because as many as 60 per cent of these individuals may have
been immunized as a result of a previous mapparent mfection 73 When, therefore, a
person with a negative hustory 1s exposed, the question arises as to their Likelhood
of getting the disease and i the of specific
prophylams with immune serum A positive skin test under these ciccumstances can
relieve anuety and elminate consideration of serum prophylaxs In the use of
mumps vacene for active immunization the skin test affords a convenient method of
selecting those presumably susceptible to the disease

‘Theoretically, the skin test could be used diagnostically smce a positive test at
the onset of the suspected illness should rule out mumps Enders and co-workers14
h2d found that with monkey parotid antsgen the skin test often id not become
posttive until & week or more after onset, but Habel,#9 using chick embryo antigen,
found that in uncomplicated mumps in adult males the skin test was frequently
positive dueing the first § daye of dliness In fact he suggests that & skin test done at
the onset of rumps might be a good sndicator of whether or not a given case is
Likely to develop a complication such as orchitis

Tt should be noted that i some individuals who have no demonstrable anti-
bodues prior to the skin test, they may subsequently develop This phenomenon is
mentioned mote often with positive skin tests Likewase persons who already possess
serum antibodies will often respond to a skin test with s rise in fiter 14 73

VIII REMARKS ON THE USE OF DIAGNOSTIC
PROCEDURES IN MUMPS

In mumps mnfections, as m many diseases, the direct isolation and
wenuification of the virus itself from acutely 1l patients affords the
most satisfactory evidence for the nature of the etiologic agent. Though
in mumps the isolation of virus by ammiotic sac Inocul:uon of chick
embryos and 1ts ion by the b Tuti; inhibition technic
are relatively simple procedures, nevertheless they do not lend them-
selves to routine application in a diagnostic laboratory, Furthermare,
negative results are meaningless

Indirect serologic tests in vitro are fortunately quite adequate for
the specific diagnosis of mumps infections. In the disgnosis of acute
disease, whether lh\s ay mnml of the typical parotitis or. the atypical
forms such as orchitis, or itis in the ab-
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allantoic fluid which is carried through the identical procedures followed
in ing the antigens, including the various safety tests outlined
above

The life of the potency of the skin test antigen is considered by the
commercial companies to be 18 months from the date of fssue if kept
at0°—4°C,

B. Tecunic or THE TEST

After cleaning the midflexor surface of the forearm with alcohol or
acetone, 0 1 ml. of the control material is inoculated intradermally in the
left arm and the mumps antigen in the right arm Before performing
this test the simple question: “Are you able to eat eggs without any
difficulty?” will rule out severe allergy to eggs, Those giving a history of
egg allergy should not be subjected to the test

The results of the test should be read at 24 hours and again between
36 and 48 hours If only one reading is possible it should be taken at
about 36 hours, Evidence of a positive reaction disappears rapidly after
48 hours, Erythema and edema are measured and recorded .

In a few hypersensitive individuals areas of erythema 8 or 10 cm in
diameter may be seen, but the usual positive reaction will average 2 cm
In most tests which will eventually be definitely positive the reaction is
already apparent at 24 hours. The peak of erythema and edema, how-
ever, usually occurs between 36 and 48 hours, In the majority of cases |
the zone of erythema is prominent, with well-demarcated outline. In a
small proportion of positive reactions the skm is only slightly pinkish.or
red in color. Induration is not marked as a rule although in most. in-
stances easily i Even m ionall. ive reactions
necrosis of the skin has not been observed

Inoculation of the control material is essential because not .infre-
quently individuals with a negative history for allergy to eggs will ex-
hibit a positive skin reaction to normal egg matenal Usually, this
reaction attains its maximum by 24 hours and diminishes or disappears
by 48 hours. Many people will react to the control material but the area
of erythema will usually measure less than 1 em If the control reaction
measures over 1 cm the result is difficult to evaluate. Reactions to con-
trol antigen are less frequent with monkey parotid antigens.

C. INTERPRETATION
Evidence indicates that most reactions of 10 mm diameter ot larger ndicate
fmunsty to mumps although some prefer to use 15 mm as the minimal positive
action and regard those between 10 and 15 mm as doubtful 42 Enders and his
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sence of salivary gland invol , the b Tutination i test
is probably the most practical and easily performed The same informa-
tion may be gained from a complement fixation test with either the crude
or the soluble or virus antigens, but these tests are not so easy to per-
form, For final diagnosis paired serum specimens are required both m
the hemagglutination mhibition test and in the complement fixation test.
Therefore, the results cannot be obtained much before the end of the
Ist and frequently not before the end of the 2d week. By usmg the §
and V antigens on a single specimen of serum the complement fixation
test may provide an early presumptive dragnosis in possibly two-thirds
of all cases of meningoencephahitis It should be borne in mind that occa-
sionally one type of test may fail to yield unequivocal results, Under
such circumstances 1t is advisable to employ an alternative procedure.
For measuring immuntty to mumps whether it be that resulting from
natural infection or the application of specific immunrzation procedures,
the virus neutralization test, though it is a cumbersome technic, affords
the most sigmficant and consistent results In evaluating natural im-
munity the skin test 15 a more practical substitute for the neutraltzation
test. Likewise, a positive complement fixation test with virus antigen
furmishes a good cnterion of immunity due to past infection. A negative
complement figation test, however, does not signify susceptibility.
Each of the diagnostic tests in mumps has been separately discussed
and evaluated Comparisons of the results of these tests in large numbers
of individuals have revealed a lack of close quantitative correlation. In
fact, where evidence of past immunity 1s bemng sought, some tests will be
negative and others will be positive The absence of complete agreement
between the results obtained by the different procedures may in part
depend upon the existence of different antibodies that react with dufferent
components of the virus Indeed, there 15 suggestive evidence®*©7 that
the different serologic technics measure different antibodies and that
dermal sensitwvity is not directly related to serum antibody levels 14

IX. REFERENCES

Rolleston, ] D Some Aspects of Mumps, A Review of Recent Literature. Praciiltane’s
128 3i-39, 1932,

Wesselhoeft, C Mumps _Its Glandular and Neurologic Manfestations In Virus and
Rickettssal Diseases Cambridge, Mass  Harvard University Press, 1940, pp 309~

\Wessethoeft, C Mumps Oxford Medicine, vol V, part 11, 1341, pp 489497 (36)
Van Rooyen, G, £, and Rbodes, A J Vorus Distases of Mon London Osford Uni-
‘ersity Press, 1940, pp 234~249

o



MUMPS 309

S Gordon, ] E,and Ratham, L Ten Years m the Epidemuology of Mumps dm J
3 Sc,218 338-359, 1939

6 Leymastes, G R, and Ward, T G Direct Isolation of Mumps Virus 1n Chick Em-
bryos Proc. Soc Exper Biol and Med , 65 346-348, 1947

7 Henle, G, Heole, W, Wendell, k K, and Rosenberg, P Isolation of Mumps Virss
from Human Bengs with Induced Appatent or Inapparent Infechons J Exps
Med, 88 223-232, 1948

8 Kiham, L Mumps Memngoencephabtis with and without Patotitis Am J Dis
Child , 78 314-333, 1949

9 Kane, L W,and Enders, ] F Immunity in Mumps ITI The Complement Fixation
Test as an Aid 1n the Duagnosis of Momps Memngoencephalitis J Evper Med.,
81 137-150, 1945

10 Kravis, L P Sigel, M M, and Heole, G Mumps Menmgoencephalitis with Special

Reference to the Use of the Complement-Fixation Test i Diagnosis Pedsatrscs,
8 204-215, 1951
11 Applebaum, I L Serum Amylase in Mumps dnm [ns Med, 21 35-43, 1944
12 Candel, S, and Wheelock, M C Serum Amylase and Serum Lipase 1n Mumps  drn
Int Med , 25 88-96, 1946
Wolman, I J, Evans, B, Lasker, §, and Jacgge, K Amylase Levels duning Mumps,
Findings i Blood and Saliva Am /A Sc 213 477-481, 1947
Enders, J F, Cohen, §, and Kane, L W Immumty 1o Mumps IT The Develop-
ment of Complement.Fixing Anubody and Dermal Hypersemsitity m Human
Beings Following Mumps J Exper Med, 81 119-135, 1945
Habel, K Vacomation of Human Bewngs agumst Mumps Vacome Admimstered at
the Start of an Epidemic I Incidence and Seventy of Mumps in Vaccmated and
Controt Groups Am J Hyg 54 195-311,
16 Enders,] F Unpublished data
17 Enders, ] F, Kane L W, Cohen §, and Levens, ] H fmmunity s Mumps I
Experiments with Monkeys (acacus malatta) The Development of Complement-
Fixing Antibody Foliowng Infection and Experiments on Immunization by Means
of Toacivoted Vicus and Comvalescent Human Serum 7 Exper Med . 81 93-117,
945

18 Hznle, G, Henle, W, and Harns, S _The Serological Differentistion of Mumps Com-
plement-Foxation Antigens Pro. $oc Exper Brol ond Med , 54 190-295, 1947

19 Henle, G, and McDougall, C L _Mumps Menngo-Encephalitie Isolation n Chick
Embryos of Virus from Spinal Flwd of a Patient  Proc Soc Exper Biol and Med
66 209-211, 1947

70 Ribam, L Tsolaton of Mumps Virus from the Blood of a Patiest Proc Soc Lxper
Bral and Med , 69 99-100, 1948

21 Kiham, L Mumps Virus n Human Milk and in Mitk of Infected Monkev J 4 Af
4,146 1231-1232, 1951

22 Weller, T H, and Craig I M The Tsolaton of Mumps Virus at Autspsy dm J
Patk 285 1105—1115

23 Habel, K Coltvation n[ \ umps Virus i the Developng Chick Embryo and Its
:pphc;‘uson to Studues of Immumty to Mumps In Man Pub flealth Rep, 60 201-
12, 1

234 Levens J H,and Enders, ] F The Hemoagghitmative Propertses of Amniotic Fluid
from Embryonated Eggs Inected with Mumps Virus Science 102 117120, 1945

25 Kiham L, and Morphy, H W Propagation of Mamps Virus 1o Suckling Mice and
- Mouse Embryo Tissue Cultures Proc Soc Exper Biol and Med, 60 495498,

PR < - -

27 Be



310

2

8

3

&

®
»

»
S

DIAGNOSTIC PROCEDURES

Weit, M, L, Beard, D, Sharp, D G, and Beard, J W. Purification, pH Stability and
Culture of the Mumps Virus, J Immunol , 60+ 561-582, 1948,

Needham, J  Chemical Embryology Vol II New York McMillan Co, Cambridge,
England The Umversity Press’ 1931, pp 1100-1101, .

Bevendge, W I B, Lind, P E, and Anderson, S. G Mumps I Isolatlon and
Cultivation of the Virus mn the Chick Embryo. dustrelion J Exper Biol and M
Se, 24 15-19, 1946

Johnson, C D, and Goodpasture, E W An Investigation of the Etology of Mumps
J Exper Med, §9 1-19, 1934

Enders, ] F, Levens, ] H, Stokes, ], Jr, Maris, E P, and Berenberg, W, Atteau-
ation of Virulence with Retention of Antigemcity of Mumps Virus after Passage in
the Embsyonated Egg J Imotsmol , $4 283291, 1946

Jobnson, C D, and Goodpasture, E W Experimental Immunity to the Varus of
Mumps in Monkeys Am J Hyg, 23 325-339, 1936

Henle, G, and Demnbardt, F - Fropagation and Primary Isolation of Mumps Virus
m Tissue Culture Proc Soc Exper Biol and Med , 89 556~560, 1955

Wollsten, 3 An Expermental Stody ot Paroutis (Mumps), J Eager. Med, 28
353-375, plus 3 plates, 1916.

Bolin, V S, Anderson, J A, and Leymaster, G, R Experimental Intraocular Infec-
tion of Guinea Pig with Mumps Virus  Proc, So¢ Exper Buol and Med , 75,146~
170, 1950

Bolin, V 5, and Leymaster, G R The Use of Gunea Pig Eye in Study of Intra-
ocular Infections Produced by Mumps Virus Proc Soc Exper Buol and Med,
79 7-12, 1952 .

Burr, M M, and Nagler, F P Mumps Infectivity Studies mn Hamsters Proc Soc
Exper Biol and Med, 83 714-717, 1953,

Kilham, L, and Murphy, H W Propagation of Mumps Virus i Suckling Mice and
n Mouse Embryo Tissue Cultures Proc Soc Esper Biol and Med, 80 495-498,
1952

Kilham, L, and Overman, J R Natural Pathogemaity of Mumps Virus for Suckliog
Hamsters on Intracerebral Inoculation /. Immunof , 70 147-151, 1953,

Enders, ] FMumps Chapter 28 in Ruers, T M, Val and Ricketisial Infections
of Mon 2d ed Philadelphia, J B Lippmcott Company, 1952, pp §13~521

Kilham, L Personal communication

Mans, E F, Enders, J F, Stokes, J, Jr, and Kane, L W, Tmmunity iu Mumps

The Correlation of the Presence of Complement-Fixing Anubody and Re-
sistance to Mumps 1n Human Beings, J Exger Med , 84 323-339, 1946.

Henle, G, Heale, W, Burgoon, J. S, Bashe, W. J, Jr , and Stokes, J, Jr , Studies o8
the Prevention of Mumps I The Determination of Susceptibility J Fmmunol , 66
535-549, 1951

Stekes, 7, Jr, Enders, ] F, Maris, E P, and Kane, L W. Immumty i Mumps

T Experiments on the Vaccination of Human Bemgs with Formolized Mumps
Virus J Esper Med, 84 407-428, 1946

Henle, G, Stokes, J, Jr, Burgoon, ] §, Bashe, W. J, Jr, Burgoon, C F, and
Henle, W Studies on the Prevention of Mumps 1V ~The Effect of Ora] Sprayiok
of Attenuated Active Virus 7 Imamunol, 66 579594, 1951

Habel, K Preparation of Mumps Vaccines and Immunization of Monkeys agalast
Expetimental Mumps Infection  Pub Health Rep, 61 1655-1664, 1946

Oudfelt, ¥ Complement Fization Tests for Diagnosis of Mumps Applied to Typlesl
and Suspect Cases of Mumps Memngo-Encephalitis Acta Med Scandmav, 133
98-112, 1949

Enders, . ¥, and Levens, J H Unpublished data

Henle, G, Harmis, S, and Heale, W The Reactivity of Various Human Sers With
Mumps Complement Fixation Antigens J Exper Med, 88 133~147, 1948.



k]

H

2

3

%

a
2

S

MUMPS 311

Henle, 1V, and Henle, G Tnterfessce between nactwie and Actie Viruses of Infu-
Factors Influencing the Phenomenon Am J M Sc, 207 717-723,

To4s

Mayer, M M, Osler, A G, Bier, 0 G, and Heidelberger, M Quantitative Studes
of Complement Fixation 1 A Method J fmmunal, 59 195-206, 1943

Bukantz, S C, Rem, € R, and Kent, ] F Studies 1n Complement Fixation
Preservation of Sheep’s Blood in Citrate Dextrose Mixtures (Modified Alsever's
Solution) for Use in the Complement Fisation Reaction J Lgb Chn Med, 3
394-399, 1946

Henle, G, Burgoon, J § Bashe, W J, Jr, Burgoon, C F, Stokes, J, Jr, and
Henle, ¥ Studies on the Prevention of Mumps II The Effect of Skin Testmg
upon Antibody Level and Resistance J Tmmunol, 66 551-560, 1951

Kilham, L, Jungherr, E, and Lucinbubl, R E  Antihemagglutmating and Neutral-
zing Factors agamst Newcastle Disease Vims (NDV) Occurning 1 Sera of
Patients Convalescent from Mumps J Immimol , 63 37-49, 1949

Jordan, W §, Jr, and Feller, A E The Relationship of Complement-Fiving and Anti-
hemagglutinating Factors mgainst the Viruses of Mumps and Newcastle Disease
J Lab and Chn Med, 36 369-377, 1950

Wenner, H A, Jenson, M H and Monley, A A Study of Infections Caused by
Mumps and Newcastle Discase Varuses I Specific and Non-gpecific Serolope Re
fations [ Immuwol, 68 343-356 1952

Weaner, H A, Monley, A and Jenson, M H A Study of Infections Caused by
Mumps and Newcastle Discase Viruses I Some Properties of Speaific and Non-
specific Serum Hemagglutiation Inhibttor Components / Immunal , 63 357-368,
952

Hust, G K Quantitative Determination of Influenza Virus and Antibodies by Mears
of Red Cell Agglutmation J Exper Med, 75 49-64, 1942

Nagler, F P O Apphcation of Hurst's Phenomenon to Titration of Vaceuma Virus
and Vacoma Immune Serum A J Awstraha, | 281-283, 1942

Burnet, F M The Affiuty of Newcastle Disease Vlrus o the Influenza Virus Group
Australian I Exper Biol and M Sc, 20 8183, 1

Bumnet, F M, and Boake, W C The Relationship bmmn the Varus of Infectious
EctromeNa of Mice and n:nma Vurus 7 Immunol , $3 1-13, 1946

Florman, A L_“False Positive” Hemagglutmation by Allantore Fluids of Embryo-
nated Eggs Tnoculated with Unfiltered Throat Washings J Bact, 52 307-310,
1946

Commission on Acute Respratory Diseasss Hemagglutination by Ammotic Flud
from Normal Fmbrvonated Hen's Eggs Proc Soc Exper Buol and Mea , 82 118~
123, 1940

Robbins, F C, Kilham, L, Levens, ] H, and Enders, ] F An Evaluaton of the
Test for Antihemagglutin 1 the Disgrosis of Infections by tbe Mumps Virus
3 Immunol , 61 2352242 1949

Feller, A E and Jordan, W §, Jr Serologic Studies of Mumps Employing Comple-
ment Fixation and Agglutnation-Inhibiton J Lad and Clm Med, 36 360-368,
1950

Akawa, J K, and Mefklepohn, G The Sero'ogic Diagnosis ol Mumps A Compara-
tave Study of Three Methods J Immunal , 62 261-269, 19

Henle, G, Bashe, W J, Jr, Burgoon, J S, Burgoon C F_ G. R Ir, and
Henle, W Studies on the Prevention of Mumps II The Eﬁ:cl of Subcutaneous
Ingection of Inactivated Mumps Virus Vaccines J Immunol, 66 S61-577, 1951

Salk, ] E A Sunplified Frocedure for Tatrating Hemagglutinatmg Capacity of Influ-
enzz Virus and the Corresponding Antibody J Imomunmol , 49 87-98, 1944

Gotlieb, T, Bashe, W J Jr, Henle, G, and Henle, W Studies on the Prevention of
Mumps 'V The Development of 2 Neutrahzaton Test and Its Application to
Convalescent Sera 7 Immumol, 71 66~15, 1953



312 DiaeNosTIC PROCEDURES

83 Levmaster, G g d Waed, T @, The Phams e ' ?

Test of 1€,

6% Habel K g .
39 785

70,

Ritham, o, beuiny, 3 (20 Overman, 1. R, performance of Mumps Neutethaa-
uon Tests i Suckhing Mace # Immunel 71 133185, 1953
L. Bashe, W 3 pp, Gothed, T, Heme, G, apg Heale, W Studies on the Prevention
of Mumps VI The Relationshp of Neusratizimg Antibodics 10 the Determunation
of Susceptibaty and to the Evaluztion of Iomunization Procedutes J. fmmunol,
71 76-85, 1953
72 Ray, B G, and Sham, BB A Serypp Antibodies an Mumps e 7, Exper, Poth,
33 501~511, 1953,
Bnders, I B Observations op Immunity m Mumps Ay fng red, 18-1015-1019,
1943

X

J
o
5
“
-
m
I3
7
.
e
&
(2]
-

+ And Stokes, § | Jr Immantty in Mamps ¥,
The Corzelagion of the Presence of Derma) Hypersensitrsuty and Pessstance to
Mamps 5 Zxper Med | 84 341-364, 1945,
H 3, ang Culbertson, C. ¢ 1 Mumps Vacaie Studies on
Human Volunteers f 73 and Chin Med, 34 199-208, 1943
Floeman, & 1, + Rischer, A & » and Moloshok, R E Evaluation of Bumps Skon Test
Pedratricy, 5 469-473, 1950

&
=
El

&
4
b4
F

ES



HERPES SIMPLEX
T. F McNamr Scotr, M D,

Research Professor of Pedratrics, University of Pennsylvama, and
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Philadelphia

T INTRODUCTION
A Diseases Caused by the Virus
1 Diseases of the slun
2 Recurrent herpes simplex
b Eczema herpeticum (Kaposi's varicelliform eruption)
¢ Traumatic herpes
2 Diseases of the mucous membranes
4 Acute infectious gingivostomatitis
b Keratoconjunctivitis
© Vulvovamnttis
d Herpes progenitalis
3 Diseases of the central pervous system
a Encephalitis
b Memngitis
4 Systeric diseases
a Generalized herpes
b Neonatal herpes
B The Virus and Its Physical and Pathogemc Charactenstics
1 Suize
2 Filtration
3 Centrifugation
4 Electrical reaction
5 Viabilty
6 Susceptible hosts
7 Histologic characteristics
11 Mzrnons oF Ts0LaTION AXD IDEXTIPICATION OF THE Vimus
A Speaal Precautions
B Sources of Matenial and Coltection of Specimens
1 Swabs from ulcers of mouth, eve, or genitalia
2 Vesicle fluid
3. Salina
4 Cerebrospinal lmd
5 Braw or spinal cord
6 Blood
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C Isolation Procedures
1 Embryonated eggs
2 Tissue culture cells
3 Suckling mice
4 Rabbits
a Corneal route
b Intracerebral route
5 Other animals
a Adult mice
b Gumea pigs
¢ Hamsters
d Cotton rats
D Pathologic Specimens
E Staning
F Other Viruses to Be Ruled Out
1. Vaccima
2 Cowsackie virus
G Identification of the Virus
1 Immunity test
2 Neutralization test.
H Titration of Virus
1 Inmce
2 Inegegs
3 TIn tissue culture
1 Preservation and Destruction
1 Preservation
2 Destruction
111 Sexotocic AND IMaUNOLOGIC PROCEDURES For DiagNosis OF DIsEASE
A Collection of Matenal
B Neutralization Test
1 Inmice
2 Ineges
3 Intissue culture
€ Complement Fixation Test
D Skin Test
IV RevErewces
1 INTRODUCTION
1NcE 1919121t has been recognized that the virus of berpe.s sxmgle‘(
(Herpesvirus hominss) could be isolated from “fever blisters’ (3!
tcold sores” (herpes simplex, herpes febrilis), and the f\‘equmf)’ Of lh'ezll:
occurrence makes it one of the virus zgf"‘s IWI ed
human disease. Within the last 15 years, however, it has been real lfbe
that this virus plays a much wider role in human _patbology than as
\ causative agent of the clinical entity of herpes simplex.
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The host responds to primary infection with this virus, as to any other
infection, by the development of antibodies In addition choical dis-
ease may be manifest but more often, probably 80 to 90 per cent of the
time, the primary mfection is subchmcal When clinical infection occurs
the 1llness may be severe and occasionally fatal, manifesting both local
and systemic signs and symptoms After a prumary infection, exther
chinical or subclinzcal, the host becomes a carrier of a latent virus and
1s subject to the common recurrent form of the disease in which local
but not systerme symptoms occur It will be useful to summarize the
varied chinical forms under which the disease may appear.

A Diseases Causep BY THE Virus®

1 Diseases of the ki

a Recurrent herpes simplex This is as an eruption of sharply defined, closely
grouped, thin-walled vesicles on an erythematous base which may occur on any
part of the skin but has a partrcular precilection for mucocutaneous junctions and
frequently recurs in the same place

b Eczema berpeticum {Keposy's variceliform eruption) This should be sus-
pected 1f a patient with eczema becomes suddenly febrile and develops crops of
vesicles over the eczematous areas These quickly pustulate and scab

¢ Traumatic herpes The herpes virus may become inoculated tnto any por-
tion of traumatized skn, such as a graze or burn and may lead to & primary infec-
tion with a vesicular eruption, enlarged regional Iymph nodes, and some fever
Lestons may recur in the area of trauma

2 Diseases of the mucous membranes

a  Acute mfectious gingivostornatitis This 1s probably the commonest clinical
form of the primary infection and the commonest form of stomatitis between the
uges of 1 and 3 years It may occur at sny age, even m adults Scattered, painful,
collapsed vesicles covered with a gray-yellowish membrane appear m the mauth,
accompanted by high fever and iritabibty Once bealed, herpetic stomatitss seldom,
+f ever, recurs, and the bulk of the evidence 15 agamst recurrent aphthous ulcers
being herpetic 1n onign

b Keratoconjunctiviis, primary ot recurrent, may show itself as a conjuncts-
Vitis or more cammonly as a keratoconjunctsvitis It should be suspected if there 1s.
(1) Mttle or no purulent exudate, especially if the exudate 1s bactenologically
stenile, (2) an enlarged preauncular node, (3) a dendntic or other type of corneal
ulceration; and (4) herpetic vestcles on the eyelids

© Vulvovagimutis, primary of recutrent In prumary vulvovagimitis, scattered
collapsed vesicles, covered with a gray-yellowish membrane (see 2a above) occur
over the lablae and are accompanied by enlarged, tender, ingumal nodes and
some fever In recurrent vulvovagimtis the esions appear much the same, but they
tend to be more grouped, and there 15 less adenopathy and fever

d  Progemitahs 1s common 1n the recurrent form in which grouped vestcles
occur on the glans and on the shaft of the penis
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3 Dneases of the central nervous system

Menimgoencephalitis or encephahibis may result from the primary infection
with herpes sunplex virus These cases have no determuming chnteal charactenstics
by which they can be distingmshed from central nervous tystem involvement
caused by other agents The encephalitic type 1s acute and may be rapidiy fatal, on
the other hand, many cases fall into the category of acute aseptic meningitis As
routine diagnostic tests for herpes are apphed to thus group, an mcreasing intidence
of this infection 3 being uncovered

4 Systemic diseases

a Occasionally the primary infection is maniest mainly as a generalized sy3-
temme dlness resembhng grippe of infectious mononucieosss, When such are accom-
pansed by a generalized vesicular rash, they may be mustaken for smallpox,

D A fulmmating visceral disease may occur i newborn nfants,d particularly
o they are prematore This 15 characterized by vesicular lesions of the conjunctivat
and skin, zithough these may be absent or very mconspicuous, assocated with fever
or bypotherzma, jaundice, lethargy, dyspnea, preumonitis, 2nd cnlarged hver, fol-
lowed by eirculatory collapse and death

From some patients wath chinical manifestations of ptimary infection with the
virus—for example, acute nfections gingivostomatitis—it 15 possible fo get & bis-
tory of contact with someone suffering froxe herpes, nsually herpes tabiahs, to pso-
wide a source of the virus En athers, no obvaously wiccted contact can be found In
such cases, it must be assumed that s asymptomatic contast 1 carrying the vires,
probably i the sahva It 15 known that viras can be asolated from the sahva of
apparently tormal persons but the factors that wfluence the susceptibulity to
<hates? ness of a recpient af such nfected saliva, by droplets or otherwise, a1t
imperfectly understood Certamnly upper respiratory infection and trauma ace
commonly associtted with the onset of an acute gingwostomatitis, wheress trauza
of the skan i the form of eczema ot mechantcal abrassons paves the way for an
Iroplanted herpetic mfection

B. Tiue Virus anNp I7s PRvSICAL AND PATHOGENIC
CHARACTERISTICS
The virus of herpes sunples has the following charactenstics

1 Size 90 to 213 mpSi0t836 1T in dhameter,

2. Filtration. When suspended i broth it can pass a Berkefeld v
filter candle ¥ It can also pass through collodion membranes of porosity
greater, but not fess, than 200 mp From this, the size was caleulated 25
10010150 mp ®

3. Centrifugation, 1t can be sed d at 5,000 rpm w2 to 24
hours ® Centrifugation at 11,000 rpm for 1 hour in an angle high-speed
centrifuge {Sorvall) at 4° C. sedimented 96 ta 93 per cent of the vxm‘s
from egg amniotic fuids contatning from 10 to 30,000,000 particles/ml
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An average sedimentation constant of 1,178 $ (range 1,000 S to 1,200 §)
has been reported1® for highly purified, egg-adapted virus

4. Electrical reaction. By a simple filter-paper method the isoelec-
tric point was found to be between pH 7 2 and 7 6, the virus being nega-
tively charged between pH 7 6 and 8.0 and positively charged between
pH 6 6 and 7 211, whereas by electrophoretic methods it was found that
the particles were negatively charged from pH 68 to 782

5 Visthility.

a Light microscope In highly punfied preparations elementary
bodylNke objects can be d by dark field or by
staining with Giemsa 3 or Victora blue,!*

b Electron microscope Extenswve studies of sections through in-
fected choricallantoic membranes by Margan e¢ al.'” have revealed the
steps 1 development of the virus particles in the cell These range from
small, dense primary bodies, each 30 to 40 myu 1n diameter surrounded by
a single membrane and situated in the nucleus, to larger, less dense
particles each 120 to 130 my in diameter These are situated in the cyto-
plasm and are surrounded by a double membrane Other studies!0.15.1613
of free virus have described the particles as spherical and inhomogeneous,
with either a dense central portion or a central depression which gave a
doughnut-like shape to the particle, In these studies the average drameter
has vanied in size from 90 to 213 my The lower hmut 1s more compatible
with the diameter as calculated from the sedumentation constant of puri-
fied preparations 1®

6 Susceptsble hosts are man, rabbit, mouse, gurmea pig, cotton rat,
hamster, the embryonated hen’s egg, and tissue cultures of HeLa cells!?
or L strain of mouse fibroblasts 1%

7. Histologsc charactenstics There are two Iustologic features
that are charactenistic of, but not pecuhar to, herpes simplex virus in-
fections

a  The presence of intranuclear mclusion bedies which are found
in all types of infected tissue The morphologic and tinctorial properties
of these bodies vary, probably with age *®* Early they appear as a
homogeneous material which fills the center of the nucleus up to
the marginated basichromatin and stains blush with hematoxylin and
eosin Later the inclusion appears to shrink away from the basichroma-
tin and finally appears as a pink staining object surrounded by a halo
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which separates 1t from the marginated chromatin (Type A inclusion
of Cowdry).2? There 1s usually severe tissue reaction in the nelghbor-
hood of Type A inclusions,

b The presence of “ballooning cells,” which are found in epithelial
tissue only.

A more detailed description of the pathologic picture seen in the
various tissues infected by the virus is given later in connection with the
technics involved in the proper diagnosis of this infection,

II METHODS OF ISOLATION AND IDENTIFICATION
OF THE VIRUS

A. Speciat PrRECAUTIONS

The virus is not dangerous for most of those working with it since
the majority of adults have neutralizing antibodies against the virus and
even for those without, there 1s only a minimum chance of an infection
being chinical in character Susceptibles with atopic eczema should not
work with the virus. As a rule, no special precautions need be observed

B. SoUurCEs oF MATERIAL AND COLLECTION OF SPECIMENS
The shortest passible time should be allowed to elapse between the
llection and the inocul of the 1f delay is inevitabl

the specimen should be kept frozen

Stnce the virus causes a vanety of clinical symptoms, several types
of matenal will be studied for the presence of virus, each of which must
be handled Many will need for the
removal of bacterial contaminants before inoculation, The following
technic has been found useful in most cases

Allow the matersal to be moculated to stand for one-hali hour at soom tem-
perature, with one-tenth its volume of the following mixture

Pemalln . .. ..5000 units/m!

Streptomycin v . .1,000 pg/ml
In order to avoid fungus contamination it Is wise to add Mycostatin (Squibb
Nystatn) 10,000 umts/ml to the materisl being inoculated 200,000 umits (2 -r?r:uli{

sufficient of the diluted stock to the noculum to equal 1/10 total volume

1, Swabs from ulcers of mouth, eye, or genitalia, The swab should
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preferably be moistened with a suitable solution* but can be used dry.
Tt should be firmly appfied to the ulcer and then placed in a sterile tube
contaming a few drops, to 0.5 ml, of the solution chosen Physiologic
saline solution should be used only if no other solution 15 available—see
under Section I. If not to be inoculated at once, the tube should be quick-
frozen and placed 1 the freezing compattment of a refngerator, or in 2
deep-freeze unit, at —15° C to ~20° C If faciliies for freezing are
not avalable, an equal amount of sterile neuttal glycerol should be
added to the solution, and the tube should be kept in a refrigerator until
used,

2. Vesicle flusd The flud should be collected from a fresh vesicle.
This is dane most efficiently by ustng 1 or 2 fine glass capillary tubes
13 1 animals are diately available, the contents of the
tubes can be expressed onto the prepared site by means of a
small rubber bulb such as is used with smallpox vaccine vials It should
be noted that vesicle fluid clots in the capillaries on standing. 1f the
contents cannot be expressed by blowing, the glass tubes can be pul-
verized in a Little diluent and, after clearing by centrilugation, the
supernatant. fluid can be used for tnoculation Also, fluid can be with-
drawn by means of a fine needle (26- or 27-gauge) and syringe. If suffi-
cient material 1s not thus obtainable the vesicle can be washed out with
gelatine-saline and the washings inoculated If the animals are not im-
mediately available, the matenal must be preserved by {reezing, either
in the capillaries sealed at the ends or in a small test tube.

3 Solive Ths should be collected in a glass receptacle and used
at once or transferred to a test tube and kept frozen

4 Cerebrospinal flnd This should be collected with the usual
aseptic precautions and either used immedtately or preserved frozen

* Suitable solutions
2 s

. . .
bacto-gelatin (Difco) (0 5%) and heat to dnsolve
Notrient broth Thls may tause excessive resction In mouse braia or on the
chorloaliantole memsbrane of eggs f wed Hull strength
Physicloxc saline + m  normal Bore or rabbit serum
&) Bofered salme 4 01%
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S. Brain or spinal cord. Portions of the brain or spmnal cord should
be tzken at autopsy, using all passible precautions to minimize bacterial
contamenatjon. Some portions should be placed in sterile neutral 50 per
cent glycerol and saline, and others should be preserved by freezing It
has been shown®! that encephalitogenic strains of the virus are often
more easily demonstrable after the matenal has been stored in glycerol

6. Blood. This may be tested as follows After aseptic removal, 1t
15 allowed to clot, and the serum separated. The clot can be preserved in
50 per cent glycerol or ground with sterile zlundum (90 mesh) in a
small quantity of suitable diluent * After centnifugation at approti-
mately 2,000 rpm for 10 minutes to remove the coarse debris, the
supernatant is either moculated immediately or kept frozen

If specimens must be shipped, they should be preserved in 50 pet
cent neutral glycerol, in rubber-stoppered tubes, and sent by the quickest
postal or air express routes.

C IsoratioN PROCEDURES

There are four readily available laboratory hosts that are about
equally well suited to the primary 1solation of the herpes virus. They are
n order of preference, the embryonated hen’s egg, Hela cell tissue cul®
ture, the suckling mouse, and the rabbit After primary isolation the virus
can be adapted to the gmnea pig, hamster, and cotton rat and can some-
times be 1solated m these hosts.

1 Embryonated eggs. The chorioallantoic membrane has l.>een
shown by a number of workers to be highly susceptible to this virus.
Extensive discussions of techmcs used for growmg viruses in the en
bryonated egg are given by Beveridge and Burnet2® and Buddingh 208
The following technics have been used very satisfactonly in this lab-
oratory*

a, All bactenally i d or ially c d mate-
rial should be treated with the antibiotic mixture given zbove.

b. Twelve- to 13-day-old embryonated eggs, in which the chorio:
allantoic membrane 1s well developed, should be used and prepared
as follows (1) candle the egg and pencil in the margin of the air sac
on the side of the shell corresponding to the embryo (see sketd{);
(2) cleanse the shell over the embryo with 70 per cent alcohol; (J)leth
a grinder and a carborundum disk, 1 mch m diameter, carefully grind 2

 See footnote on page 319
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broad shit, approximately ¥ to 14 inch long m the Jong axs of the
shell, down to but not through the shell membrane Wetting the sur-
rounds of the sht with an alcohol sponge will blacken the membrane
when the shell has been perforated Perforate the shell and shell mem-
brane over the air sac with a drill (4) With the egg lying honzontally
in a smitable holder,* resterilize with alcohol and place a drop of saline
over the lateral slit with 2 syringe of sterile saline and a 22-gauge needle,

Vaseh on chonoaliapte ¢ membrane

Tucmingt 57w aggihell Laterot 1 tn agguhell

’
o “Penc T o shet olong marga of arr sac
‘o6 sda of embryo

e

then, with a gentle rocking motion, msert the needle, bevel up and almost
parallel to the shell, through the saline 1n such a way as to pierce the
shell membrane Withdraw the needle When the shell membrane has
been pierced the drop of salme will slowly seep mto the egg between
the shell ik and the chor b (5) with the
egg over the candling box apply suction to the terminal hole over the air
sac, watching a “false” air sac form by the entrance of the air through
the shit placed over the embryo. A disappearance from view of the clearly
marked blood vessels indicates the entrance of air between the shell

b and the chori i b I the b does not
drop on the first trial another drop of sahne will generally lead to drop-
ping of the membrane In order to minimize trauma to the charioallantoic
membrane the least amount of suction should be used compatible with
forming the sac (6) Take up 005 ml. of the material to be tjected m

* A convenient holder 15 1 fiberboard egg {ray which holds 30 egss These come 1
Dests af 140 trays and bear the name of “News Filler Flats ™ They can be procured from
Reyes Fibre Company, Watersille, Maine
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a %% or 14 ml. tuberculin syringe and, using a 27-gauge }4-inch needle,
inject it into the false air sac over the embryo, (6a) An alternative
method used by Beveridge and Burnet?> consists in using the material
to be inoculated to form the air sac. A rather broader slit is drilled
through the shell down to the shell membrane, The surrounds of the
slit are rimmed with melted paraffin and the shell membrane clarified
with the smallest possible drop of mineral oil 0.05 ml, of the material
to be inoculated is placed over the slit, The shell membrane is spht by
a combined pressure and dragging movement of a blunted glass needle
through the drop and false air sac formed by suction over the air sac as
above This procedure n skillful hands minimizes trauma to the al-
lantoic membrane (7) The slits in the shell do not need covering.
(8) Incubate eggs at 36° C. for 36 to 48 hours on their sides
with false air sac uppermost, (9) Remove from incubator and candle
again If the normal air sac has re-formed, as it does occasionally, leav-
ing the chorioallantoic membrane up against the shell membrane, suck
the air out of the normal sac to re-form the false one, (10) Open the egg-
shell with scissors, outward fram the slit, and, under direct vision, push
down the chorioallantoic membrane from off the shell, taking off the
shell 50 freed. Allow the escape of some fluids and yolk. This allows
the whole of the “dropped” area of the chorioallantoic membrane to be
completely exposed. Cut around this with scissors (11) Remove the
excised part of the membrane to a petri dish containing 1 per cent
formalin. The outer surface of the bottom of the dishes used for this
purpose should be blackened with enamel paint (12) Flatten out the
excised membrane and examine under a good light with a 2X lens (13) u
virus is present, the membrane will erther show a marked genemlxzcd
thickening over the inoculated area or a mass of confluent grayish white
pocks, or numeraus small discrete pocks varying in size from 05 to 2.0
mm , depending on the amount of virus present.

Bevendge and Burnet25 suggest the following genersl cniteria for differential
1ng specific from nenspecific leslons scen on egg membranes The spefic lesion tends
to have (1) a crcular shape, (2) a more opaque central part, which may become
necrotic, and (3) & baze due to d 1 with inflam-
matory tells This description fits the pocks of vaccmia virus perfectly, In berpes,
however, these charactenistics are modified in that the pocks tend to be oval or
actually have 2 tall, and neither necross por the mesodermal haze Is prominent
The pocks gwve the impression of bewng very superficial and can in fact be scraped
off the membrane On pnmary lsclation they may be very small and must be
searched for with magnification In a good hght
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For passage the chonoallantoic membrape 15 removed according to the above
technic, except that the usual diluent s used i place of formalin, and ground with
alundum and gelatin saline After centnfugation at 1,500 to 2,000 rpm to remove
coarse particles, the supernatant flud 15 woculated onto the choricallantoic mem-
brane of 12-day exgs as described above 1t may take several passages before ty picat
pocks develop, and any membrane which shows suggestive pocks or only edemra,
even m the presence of obvious nomspecific wntation (thickemng and irregulac
opacities along the blood vessels) should be passed in series onto other eggs at least
three times

2 Trussue culture cells HeLa cells are grown n tissue culture ac-
cording to standard technics Material suspected of containing herpes
virus 1s prepared as for ioculation nto eggs and inoculated in 0 1 ml
amounts 1nto each of 2 tubes containing sheets of cells growing m mamn-
tenance medium The tubes are incubated at 37° C, n stationary racks
The presence of virus 1s recognized by the appearance of a characteristic
cvtopathogenic effect which may appear as early as 2d or 3d day if the
virus content is high Usually there appears a pock with piling up of
cells or there 15 a rounding up of cells with a consequent break in the
sheet ions can be 1n the affected cells
These foc1 are scattered at first but later may involve the whole tube

3. Suckling muce These have been shown to be highly susceptible 26
to infection with the herpes virus 005 ml of suspected material,
sterilized bacteriologically as above, is injected intraperitoneally nto
1-day-old mice Ewidence of nfection appears on the 3d day after
moculation, deaths before the 36th hour are nonspecific. On the 3d day
hyperactivity and undernutrition are mamfest followed by cyanosts,
abdominal distention, and death Death 1s delayed when very small
quantities of virus are moculated or slightly older mice used, being pre-
ceded by an ascending spastic paralysis This paralysis inevitably
precedes death

4 Rabbsts, There are two methods of inoculation

a2 Corneal route, This has long been known to be suitable l'ar isola-
tion of the herpes virus! 2 from all orb
tissues without preliminary antibiotic treatment. The technic 1s as fol-
lows*

Under ether or nembutal anesthesia, protrude one eyveball of the
rabbit by firm pressure against the lower hid with the butt end of a pair
of forceps Steadying the eye by this means, scarify the cornea thorough-
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a % or % ml tuberculin syringe and, using a 27-gatuge }4-inch needle,
inject 1t into the false air sac over the embryo. (6a) An alternative
methed used by Beveridge and Burnet?® consists in using the matenal
to be inoculated to form the air sac. A rather broader sht is drilled
through the shell down to the shell membrane. The surrounds of the
slit are rimmed with melted paraffin and the shell membrane clanfied
with the smallest possible drop of mineral oil 0.05 ml of the material
10 be inoculated is placed over the slit The shell membrane is split by
a bined pressure and i of a blunted glass needle
through the drop and false air sac formed by suction over the air sac as
above, This procedure in skillful hands minimuzes trauma to the al-
lantoic membrane (7) The shts in the shell do not need covering
(8) TIncubate eggs at 36° C for 36 to 48 hours on their sides
with false air sac uppermost (9) Remove from incubator and candle
again If the normal air sac has re-formed, as it does occasionally, leav-
ing the choricallantoic membrane up against the shell membrane, suck
the air out of the normal sac to re-form the false one, (10) Open the egg-
shell with scissors, outward from the slit, and, under direct vision, push
down the chorioallantoic membrane from off the shell, taking off the
shell so freed Allow the escape of some fluds and yolk. This allows
the whole of the “dropped” area of the chorioallantoic membrane to be
completely exposed. Cut around this with scissors ( 11) Remove the
exased part of the membrane to a petri dish containing 1 per cer}l
formaln. The outer surface of the bottom of the dishes used for this
purpose should be blackened with enamel paint. (12) Flatten out the
excised membrane and examine under a good light with a 2X lens. (13) 18
virus 15 present, the membrane will either show a marked generalized
thickening over the inoculated area or a mass of confluent grayish white
pocks, or numerous small discrete pocks varying in size from 05 to 20
mm , depending on the amount of virus present.

Bevendge and Burnet2S suggest the following general cnteria for differentiat-
1ng specific from nonspeaific lesions seen on egg membranes The specific lesion tends
to have (1) a circular shape, (2) a more opaque central part, which may become

necrotic, and (3) a haze due to wath foflam-
W =1 1 ot Eaoehe moilo AF . amem e porfactly In herpes,

. se oval or

. . arorunent

be secraped

The pocks give the mmpression of being very superhicral and can in latt e
it be

off the membrane On pnmary isolation they may be very small and mus!
searched for with magmfication in a good lght
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diluent,* centrifuged to remove coarse particles, and the supernatant
inoculated intracerebrally into another rabbit or other passage animal

5. Other enimals. When the virus 1s passaged to hosts other than
the four just described, the following disease patterns may be seen:

a Adult mice After mtracerebral inoculation, the ammals on pri-
mary isolation may not show symptoms for 5 to 7 days but, in a well-
adapted strain, they may show sympfoms s early as 24 hours or, more
usnally, 2 to 4 days after moculation Usually, the first significant sign
is marked jumpiness and hyperactivity on stimulation A knock on the
cage sets them leaping, convulsions occur when they are spun by the tail,
then the fur becomes roughened, the gait spastic, and activity lessens
Death often occurs after a tetamc convulsion, with the front and hind
Tegs extended backwards, a position similar to that seen in infection with
lymphocytic chonomeningitis They are often found dead, however,
without showing any typical position After intraperitoneal inoculation,
the mcubation period is longer, and the mortality 1s usually lower than
after intracerebral moculation The antmals appear sluggish, with rough-
ened fur, Typical convulsive seizures are not so common as after intra-
cerebral inoculation, the mice dymng rather unexpectedly Virus 1s present
in the brain after mtraperitoneal inoculation 2%

b Gumea pigs Apart from keratoconjunctivitis after corneal mocu-
lation, which does not differ essentially from that of the rabbit, dermal
strains of the virus can produce mtracutaneous and footpad lesions The
inoculated footpads become inflamed and swollen on the second day,
vesicles then develop along the needle tract and coalesce to form a single
large vesicle This heals slowly with considerable scarting More satis-
factory 1s the inoculation of virus onto scarified and epilated skin Vesi-
cles appear by the second day and slowly heal 3® After intracerebral
inoculation, the ammals may develop fever and occasionally conwul-
sions ¥

¢, Hamsters * After intracerebral inoculation, these animals show
chiefly b , then muscular
tremors, and, 1n some instances, paralys:s and death

d Cotton rats This species has been reported as being very sus-

ceptible to the virus by the intranasal route as well as by the intracerebral
route3!

* See footnote on page 319
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ly with vertical and horizontal strokes of a von Graefe knife or other
suitable instrument, taking care that the incisions actually go through
the epithehal layer. Turn the rabbit over and repeat the procedure
on the other cornea, Take the infected swab and, with the eyes back in
their sockets, rub it firmly over each scanfied cornea and well down
under the nictitating membrane, If fluid from a capillary tube or needle
is being inoculated, place the material on the cornea and massage it In
with the eyelid.

"Ihe rabbut should be observed daily for the development of 2 keratocomjuncti-
vitis If the test 1s negative, the rabbit may show shght conjunctival mnjection for 24
10 48 hours after moculation but often shows no evidence of trauma If posttive, 2
charactenstic keratoconjunctivitts can occur from 12 hours to 7 days after mocula-
tion The first signs are an mjection of the conjunctiva, a shght steammess of the
cornea, which is due to the formation of numerous vesicles along the scratch marks
as can be seen with a switable magnification, and some watery ewudate Within
another 24 hours, the exudate becomes purulent, and photophobia becomes evident
The nictitating membrane 15 injected and swollen Typical histologic lesions in the
cornea can be seen within 24 hours after the onset of signs of mfection (see below)
The conjunctival exudate has been described as largely polymorphonuclear i char-
acter,?T but a high percentage of mononuclear cells 1s seen 1n early exudates Such
exudates are bactenologically sterde and can be used for passage to the cornea of
another rabbit or for intracerebral noculation 1nto rabbits or mice Perhaps & more
reliable method for intracerebral passage of the virus 1s to smp off, under anesthesia)
the mctitating membrane at the height of the infection, wash 1t 1n sterle saline, grind
1t with alundum and diluent and, after centnfuging at 2,000 r pm , moculate the
supernatant intracerebrally mnto the passage animal 28

b Intracerebral route. Aseptic tissues, such as blood, brain tissue,
or cerebrospinal fluid, can be injected itracerebrally i 0 25 ml, amounts.
Prehmmary temperatures should be taken to avoid unsuitable anmals
that are already running a fever (temperatures of over 104° F, are con-
sidered sigmficant) If virus is present the rabbit will develop 2 fever,
usually within 24 to 72 hours after inoculation Several posstble courses
may then be followed: (1) The fever may last a few days without otber
symptoms, and the rabbit may recover. Such a rabbit will usually de-
velop antibodies against the virus and resist a challenge dose of a known
herpes virus after 3 to 4 weeks (2) The fever may persist over 105 ° F
for several days Without any other observable symptoms, and the rabbit
may die suddenly (3) The rabbit may develop signs of encephalitis,
such as tremors, weakness of lmbs, or the pulhing of the head and X.IECk

1o one side and moving in circles to that side For passage the afﬂmal
should be sacrificed, the brain removed aseptically, ground in suitable
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ened and edematous Otberwise, the findings resemble those found mn the skin In
the coruea there Is & pronounced inflammatory reaction with difated capillanes and
polymorphonuclear Infiltration, but necrosss does mot occur in an uncomphcated
herpetsc reaction, apd heahiog takes place without stasmng

1In the rabbit cornea there 15 an easly proliferstion of the epithehial cells near
the scratch marks In the center of the prolferating area, cell necrosis occurs with
eventnal sloughing The inclusions are best seen 1 the cells at the margwm of the
scratches or of the Decrotic area In the substantia propris, thete Is considerable
congestion and acute reaction
infiltration 38 It should be noted that the granules of the polymarphonuctear cells of
the rabbit tend to be quite costnophiic and show up red with the hematoxyln and
tosin stan and may therefore be mustaken at first glance for posstle Inclusion
badies In the rabbit bram, Da Fano and Perdrau37 describe a chronic inflammatory
lesion occurnng 1n partially smmunized rabbits

To the human bram, the followang picture 15 desenbed by Wolf 34a Grossly,
there 15 intense congestion There are fodd of dushy discaloration which are swollen,
soft, and fnable The cortex 1 most involved, followed by the central white matter
chiefly 1n relation to the cortical changes The base of the brain and the cord are
selstively there §s Jeptomen.
ingitis most severe over the cortical lesions The patenchymal lesions are those of
intense degeneration with relatively mild inflammation and appear to be sweeping
1n from the meninges The appearance 13 Lke that of an encephalomalacla dut to 5
curcylatory disturbance in which nerve cells undergo 1schemuc necrosis and fat-laden
phagocytes Jood the field The endothehal cells of the capillanes are swollen. Neu-

oceurs Cl inclustons are seen in the oligodendria

and less often 1n the nerve cells

In the chonoallantoic membrane the pathalogic changes have been studied by
Crouse et af 20 By 10 bours after infection cell proliferation has resulted in mucro-
scoptc pocks In the great majonty of these cells there is a large, bomogeneaus, blush,
intranuclear incluston body as staned with hematoxyhn and eosin, These bodies are
also Feulgen posive There are multnucleate guant cells present By 30 hours
sloughiog of engmal pocks has otcurred and secondary pock formation begins At
this time some of the Inclusions have become shrunken and Fealgen negatne, Jo-
clusions can pow be found 1a the mesodermal cells, together with & muld infsmma-
tory reaction These changes increase up to 72 bours when evidence of heahng
appears No inclusion bodues are seen 10 the entodermal cells but by 48 hours the
entoderm bas proiferated generally and by 72 haurs this has resulted in thackensd
folds The oucleols of cells, before the development of the inchusion body, enlarge
greatly in suze, but ance the inchusion body 1s formed, the nucleali cannot be detected

E. Srawivc

The stamning properties of the inclusion bodies wll vary with the age
of the body and perhaps the tissue in which they are studied. The
classical Type A eosmophihc bodies will be more easily seen 1n a deep
tissue than in a superficial one in which the infected cells tend to be
stoughed off. Hematovylin and eosin is probably the most widely used
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D. PATHOLOGIC SPECIMENS

These may be obtained by biopsy of characteristic superficial lesions,
such as herpetic vesicles, from human autopsy material, especially the
brains, from patients who died of encephalitis, and the hiver, lungs, and
adrenals from pattents who died of generahzed herpes; or from animal
material such as the eye and brain or other organs of infected ammals and
from the pocks on the chorioallantoic membrane, The diagnostic finding
in herpes virus mfected tissue 1s the presence of the intranuclear inclu-
sions already described (pp 317-18). These are also known as Lip-
schutz®? bodues. They are characteristically demonstrable in the infected
cornea of the rabbit In order to see them 1t 15 important to take the rab-
bit's eye out from 12 to 24 hours after the appearance of signs of con-
junctivitis and before conjunctival exudate has become frankly purulent.
After this time, the epithelial cells, in which the inclusions occur, have
mostly sloughed off It is important to note that the time for section must
be judged by the appearance of the cornea and the time after the onset of
symptoms and not from the time of inoculation, since the incubation
period will vary with viruses of different pathogenicaty Typical incluston
bodies can be seen in the organs of infected animals or human beings.
These will be found in cells of the margins of areas of necrosis or vesictl-
lation They can also be found in the membrane and embryos of the hea’s
egg 24 hours after infection Anderson3?® used their presence to deter-
mine whether infection of the embryo had taken place,

Apart from the incluston bodues, the histologic reaction varies with the tissue
being examined but 1s, in general, of an acute inflammatory nature

Tn the skin and mucous membrane, the characteristic lesion is the vesick
the skin the charactetistics are clear cut while in the mucous membranes thr form
of the vesicle 1s modified The lesion 15 histologreally ndistmguishable from those of
herpes zoster and varicella Prolferation of the cells of the stratum mucosim
oceurs, and ter and mtracellular edema develops These changes result m the de-
velopment of a vesicle in the prickle cell layer which may extend down to, but does
ot involve, the conum The floor of the vesicle may then consist of naked paPl““j

3 In

of the corium, and the roof of pnickle cells and 1mp:
. FAUNE it ema med tha celle are
wd

contamung desquamated swollen epdermal cells, Teukocytes, and virus glan celis
containing intranuclear nclusions The gant cells can be detected by examuning 2
Giemsa-stamed smear of a scrapmg of the base of a herpetic'vesicle and form 2
d to diagnosss 35 In the mucous membrane, the vesicle loses its fud early

aluable ax
ho is mamly filled with fibnn The roof cells are thick-

through maceration and, hence,
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with specific antiserum can then be compared with the end point of the
suspected virus i the presence of normal serum. Since the technics of
titration and neutrahization overlap, that of titration will be described
here whereas that of il either for suspected virus by a
specific antiserum or a known herpes virus by a suspected immune serum
will be described under the section deahing with serologic diagnosts of
the disease.

H TirratioN oF VIRUS

Titration of the virus can be done in three ways in mice, either adult
or suckling, 1n eggs and in tissue culture,

1. Inmice. 2 In adult mice the brain of an animal monbund with
herpes mfection or portions of brains of several infected mice are re-
moved aseptically, weighed, and then ground up with a suitable diluent*
1nto a 20 per cent emulsion, this 1s centrifuged at approximately 2,000
rpm, for 10 minutes and the supernatant diluted senally in 10-fold
dilutionst 107% to 10 With a 24 wl tuberculin syringe and a 27-gauge
14-inch needle, take up 0 25 ml. of the 10" difution Under light ether
anesthesia, inoculate 4 to 6 muce intracerebrally, each with 0,03 ml
With the same syringe and needle, repeat the procedure with the lower
dilutionsin turn,

The mice should be examined daily Deaths of mice occurring within
24 hours of the moculation should be omitted from the calculation as
bemng due to accident The number of mice dymng after this time or
showing symptoms of encephalitis should be recorded each day. The
test should be kept for 21 days, although if the strain is very potent, 2
weeks may be sufficient At the end of this time, the number of nuce that
have died or have been typically sick with encephalitis, and the number
surviving and healthy should be tabulated for each dilution and 2 cumu-
lative total derived, so that a 50 per cent end pomnt can be calculated
according to the formula of Reed and Muench 40

b Titeations in 1-day-old suckling mice24! may give a sharper end
pomt since mice die if infected There are four differences from the
technic used in adult mice. (1) The upper hmit of dilutions is increased
to 1077 because of increased susceptibility of this host, (2) 005 ml of
each dilution of virus is inoculated intraperitoneally, (3) deaths of mice

* See footnote on psge 319

t 1N ALL VIRUS TITRATIONS, A SEPARATE PIPETTI n i
FOR EACH DILUTION, ¥ SHOULD BE LSED
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and usefidl stain. Some authors® teport phlown and methylene blue as
belng more useful in demonstrating typical Type A inclusions in the
central nervous system,

F Orurer Viruses 1o Be Ruiep Our

Chmcally there are only two other virus diseases likely to be con-
fused with herpetic infection,

L. Vaccima This virus causes a veswcular eruption on the atopic
skin (eczema i} ) which may be indistinguishable
from eczema herpeticum. It causes pocks on the chorioaliantoic mem-
brane of eggs which are larger and more necrotic than those of heypes
and can be distinguished for certain by finding typical cytoplasmic in-
clusion (Guarnier:) bodies characteristic of vaccinia or by a specific
neutralization test It also causes a leratoconjunctivitis in Tabbits
which 15 indistinguishable chnically but may be distinguished histo-
logically from that caused by herpes

2 Coxsackie verus {Group A) This virus causes an epidemic ulcesa-
tive pharyngitis (herpangina)®® whaich may superficsally resemble
herpetic stomatitis. The emderme character of the infection and the
localization of the lestons to the soft palate and pharynx should suggest
the correct dugnosis This can be confirmed by the failure to produce
pocks on the choroafiantose membrane with material fram the lesions
and the finding of lesions in suckling muce charactexistic of Group A
I kie viruses The devel of specific antibedies against Cox-
sackie wirus can be demonstrated.

G IDENTIFICATION oF THE VIRUS
The virus can be identified in two ways

1. Fmmumty test. By challenging herpes-fmmune animals and not-
mal controls with the virus under consideration, If the virus s herpes,
the normal animals will come down wath typical disease and prabably
die, but the mmune animals wilt show little, 1f any, reaction.

2. Neutrohzation fest By specific neutrahzation of the virus by @
known herpes-ymmune serum

In order to demonstrate neutralization of the virus by a known
specific serum, the strength of the virus sn terms of infectiaus units r{msd!
be determusned by titration The end point of a suspected virus mixe
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In addition to titration of the virus on the chonoallanteic membrane,
some observers'S prefer the LDy, of embryos after volk sac inoculation
Ths test 1s as follows:

Ten-fold senal dilutions of egg-adapted virus emulsion are made as
above 05 ml of each dilution is inoculated into the yolk sac of each of
six to eight 7-day-old embryos Eggs are candled once or twice daily
Embryos dying within 48 hours are discarded as being due to nonspeaific
causes, but those dying between the 3d and the 12th day are recorded,
and LD, calculated ** The use of time of death of embryo as an end
pomt 1s oot of value here since this varies with the degree of egg adapta-
t1on of the virus A comparison of sensstivity of the yolk sac death point
and the chorioallantoic membrane-pock count reveals an average ratio
CA pock untts
YS Jethal umts
count method.#

of 14, indicating shghtly greater sensitivity of the pock

3 Intsssue culture A series of screw cap tubes containing sheets of
Hela cells in maintenance medium are prepared Ten-fold serial dilu-
tions of tissue culture adapted virus are made and 01 ml of each
dilution inoculated into each of 2 tubes The tubes are mcubated in
stationary racks at 37° C for 7 days, and the number of tubes showing
cytopathogenicity are recorded each day The titer 1s calculated as the
reciprocal of the highest dilution 1 which cytopathogenicity is observed

1 PRESERVATION AND DESTRUCTION

1 Preservation

a Inammal tissue Virusin animal tissue is relatively stable It can
be preserved in 50 per cent glycerol at 4° to 8° C for 6 months and up
to 18 months when desiccated from the frozen state 4 In 50 per cent
glycerol at —20° C., infected mouse brain has been Lept for 18 months
wn this laboratory with a drop 10 50 per cent end point titer from 104 to
102 Suspensions can be well preserved at ~70° C after shell freezing in
sealed glass ampules *

h Ton mater al Fan adantad seatne’sl aee be meooo oo

¢ When storing the virus 1 2 dry-ice cabumet 1t fs mportant (o use glass sealed
ampules The use of rubber stoppers allows entrance of CO? into vials which, tn some
cases, causes deterioration of virus
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occurring within 36 hours are omitted from calculation, and theseafter
deaths and survivors are tabulated as above for fon of 50 per
cent end point; (4) the test is observed for one week,

2. In eggs. Since the virus produces characteristic pocks on the
chorioallantoic brane, this des a ient and fnexpensh
method of titrating the virus. One or more choricallantoic membranes
infected with the herpes simplex are weighed and ground in suitable
diluent* with stertde alundum to a concentration of 10 to 20 per cent.
This 15 centrifuged at approximately 2,000 rpm, for 10 minutes and
the supernatant diluted in decimal steps 1o 107% or 10°7 in the above
diuent. With the same 4 or ¥ ml, tuberculin syringe and 2 No. 1.7
gauge needle, 005 ml, of each dilution, starting with the highest, is
inocul; onto the ¢k i b of each of four to six 12-
to 13-day-old eggs, all of which are harvested after 40 to 48 hours as
described above In the lower dilutions, the indwidual pechs may not be
distingui the whote b being opaque, boggy, and edema-
tous, with higher dilutions, however, dscrete pocks will appear in num-
bers that can be counted, uatil an end point is reached beyond wbmh‘m
pocks arve visible and the membranes have their normal thin, glisteniog
appearance.

There are certaln diffieuities in making the counts. Distribution af the virus
over the membrane 15 ofter not good so that the pocks are confluent and therefore
uncountable In Jower dilutions such confluent membranes indicate & heavy Infec-
tion One such membrane may occur, however, at & lugh ditution in whick the
other three membranes are negative or contan only a few pocks If membranes
that are greatly out of hne ace discarded and the rest averaged, however, the zesults
are sufficiently accurate for diagnostsc purposes The reproducibiity of the method
1o out hands is with % 1 log4? and Bevendge and Burnet 25 calculated that, using
40 6 eggs per difution, they could get end pomts withm % 50 per cent of the true
mean,

1o working out the final Lter of the virus from membrane counts, two methods
are current, One calulates the wmfectious units/ml. of varus as follows, With
tmany dilutions as at is poswble to abtam good counts, the pocks are counted sod
sveraged This number is multiphed by the Jast difution in which pocks are seen
The product thus denved 15 agaw multiphed by ¢he reaprocal of the fraction of 8
ml used for noculation; for evample, if thete were an average of § pocks at 309 and
60 packs at 10-5 (lower dilutsons being conflusnty, then the final count would be
5.5 X 108 X 20 (008 ml bemg inocalated) == 11 X 102 infestious uaus/ml The
second calculates the ID o, (Reed and Muench) using presence of sbsence of pocks
on the memibrane te indicate infection or hack of nfection

v See footnote on page 319
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f Gentian violet This is relatively harmless to the virus, An m-
fected rabbit bran emulsion, exposed to 1 per cent gent:an viclet for 18
hours at 4° to 8° C and then washed free of the dye, still contains suffi-
cient virus to infect a rabbit on intracerebral injection #* If an infected
chorioallantorc membrane emulsion is exposed to 1:5,000 gentian violet
for 30 minutes, however, and 1f the whole mixture 1s inoculated onto
choricallantoic membranes of other eggs, the virus will have lost 95 to
99 per cent of 1ts potency No reduction of petency 1s found when the
gentian violet concentration 1s reduced to a concentration of 1.50,000.*

g Temperature The effect of this varies with the state of the virus.
In the moist state it 15 destroyed at 52° C after 30 minutes and at 37° C.
after 24 hours although still potent after 6 to 8 hours, in the destccated
state, it resists 90° C for 30 mmutes but is destroyed by heating at
100° C. for 30 minutes #

h Miscellaneous

(1) Amos*® reported the mactivation of herpes virus by acid and
alkali phosphatase but no iactivation with trypsin, pepsin, nbonuclease,
ptyalin, or hipase.

(2) In the presence of egg white the virus is inactivated rapidly at
370 C 2

‘The observations i this section were made on virus in the form of
tissue emulsion unless otherwse indicated

III. SEROLOGIC AND IMMUNOLOGIC PROCEDURES
FOR DIAGNOSIS OF DISEASE

A Coutgction oF MATERIAL

Blood should be collected with aseptic precautions, preferably with-
m 4 days after the onset of a clinical syndrome suspected of being
herpetic 1 onigm, allowed to clot, and the serum separated, This should
be repeated after an interval of 2 to 3 weeks The initial and subsequent
sera are used for serologic tests to demonstrate the appearance of anti-
body agamst herpes or to prove the absence of such a phenomenon, The
sera can be used fresh or after storage at 20° C. They can be shipped in
sterile, rubber-stoppered tubes in regulation mathng cartons. No pre-
servatives should be added

B NEUTRALIZATION TEsT
1. In mice Satislactory tests are as follows:
a. Adult mice. A 20 per cent suspension of infected mouse brain is
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or at —70° C for at least 10 months Also in this laboratory t has been
possible to maintain unground whole infected CAM in 15 per cent
glycerol at -20° C, for 21 months, Fifty per cent glycerol was less effec-
tive in preserving the virus

¢ Purified virus particles.?® Purified suspenstons of virus are stable
in distilled water and 0.25 M sucrose but unstable in allantoic fluid.
A pH of over 70 increased the stability of the virus in iome solutions
which, however, are Jess stabilizing than noniomc.

d Solutions ‘The virus in any form deteriorates in physiclogic
saline, but this can be overcome by buffering the saline to a pH of 72
and adding 10 per cent rabbit*7 or horse serum,? yolk 0.1 per cent* or
0 5 per cent gelatin.?3 Tt also keeps better in nutrient broth A low osygen
tension, such as attained by adding cysteine to the preserving fluid, also
helps to preserve the virus.4

2. Destruction,

a. Bile. The virus is destroyed by bile.*

b Organic solvents* The virus is destroyed m the wet state by
exposure to alcohol, chloroform, or ether for 18 hours at 4° C. In the
dry state, however, it resists the action of absolute alcohol and ether
under similar conditions of exposure,

¢, Phenol. The virus resists 1 per cent concentration of phenal for
15 minutes at room temperature although 1t is destroyed by the same
concentration after exposure for 3 days.* Exposure to 5 per cent con-
centration for 18 hours at 4° C. also destroys the varus 4

d. Potassium permanganate *8 1 1,000 concentration destroys the
virus in 1 hour at room temperature

e. Quaternary ammonium catiomic detergents® Several of these
destroy the varus mn vitro. Of those commonly available, Ceepryn (cety!

pyridmium chloride) and Zephiran (benzatkonium chloride) are both
effective. Of the egg-adapted virus, approximately 10° infectious units
are destroyed by exther agent in a concentration of 1:10,000 in 30
minutes at rocom temperature, However, the virus is not destroyed under

similar cnndmons by a concentration of 1:25,000 Zephiran or 1:50,000
~ PUPEIART Y 1 WS N e 2 ek mt her eabieer There (s 2O

) munutes

infected

ncentra-

tion of 1+5,000 leads to a decrease m titer from 10~ to 10~ as tested by
intracerebral inoculation of adult mice.
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activity is important for study of patients, the following routine is used
in this laboratory.

A concentration of virus 1s chosen which will give an easily deter-
muened number of plaques (+ 100) on the membrane This is incubated
with an equal quantity of the serum to be tested and a control serum,
the sera being inactivated at 60° C for 20 minutes The test human sera
are used undiluted and dituted n 4-fold steps to 1 256. The control
normal rabbit serum 1s used diluted 1 16 or more, since undiluted rabbit
serum 1s found at times to decrease the pock count The time of incuba-
twon is not emphasized since 1t has been shown that neutralization can
take place within 1 munute 52 However, recently, 1t has been stated that
incubation for 1 hour at 37° C 1s required for best results.*? 0 05 ml. of
each mixture is then onto the i b f each
of four to six 12- to 13-day-old eggs using 2 different syringe for
each mixture After 40 hours’ incubation at 36° C the membranes are
removed, and the pocks counted as described above. The antibody titer
of each serum 1s recorded as the highest dilution of that serum which
reduces the pock count below 50 per cent of that found with control
serum

Reliable neutrahzation tests using yolk sac inoculation and the death
of the embryo as the end pomnt have been described.*® Two types may
be used, either the constant serum-virus dilution method or the constant
wvirus-serum dilution method (¢} In the former, test sera and control,
inactivated by heating at 56° C. for 30 minutes, are diluted routinely
1.30, or more as dicated, and thoroughly mixed with an equal quantity
of egg-adapted virusin dilutions of 107 to 10-5, After incubation at 37° C
for 60 minutes, 05 ml of each serum-virus mixture is inoculated nto
the yolk sac of each of six to eight 7-day-old embryonated eggs. These
are incubated at 36° C and candled once to twice daily Embryes dying
before 43 hours are discarded Those dying between the 3d and 12th
day are recorded and the LD, calculated. (3} In the latter a constant
concentration of virus (3 to 30 LDy,) 1s mixed with falling 2- to 4-fold
dilutions of serum to be tested All sera including normal rabbit control
are inactivated at 56° C for 30 munutes The mixtures are allowed to
incubate for 1 hour at 37° C, and then 0 5 m! of each mixture is inocu-
lated into the yolk sac of each of siv to eght 7-day-old embryos as
above, The end points can be recorded as the reciprocal of the serum
dilution affording 50 per cent protection = PDs, Either of these two
methods appears to be satisfactory
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prepared and a 1.5 dilution of supernate is made in switable diluent*
Decimal dilutions ate then made up to 10-5 giving concentrations of 1:5
up to 1,500,000 in 0 15 ml, These, when added to equal amounts (0 15
ml ) of undiluted test or control sera, inactivated by heating at 60° C.
for 20 minutes, give final concentrations of 1:10, 1:100, etc, up to
1 1,000,000, The mixtures of virus dilution and serum are incubated for
1 hour at room temperature or 4° C At the end of this time each mixture
is injected ntracerebrally (0.03 m! /mouse)? into groups of 4 to 6 mice,
which are observed daily over a period of 21 days for death and/or
central nervous system signs.

b. Suckling mice A neutralization test can be carried out in new-
born mice.*! Test and control sera, inactivated by heating at 56° C, for
30 minutes, are diluted in serial 4-fold dilutions Each dilution is mized
with a constant quantity of virus (25 to 50 LDy,) The mixture is incu-
bated at room temperature for 5 to 10 minutes, and the 005 of each
dilution is inoculated intraperitoneally nto each of 6 to 8 mice per
dilution Deaths of mice occurring within 36 hours are not included in
test, being considered nonspecific in character. Most specific deaths occur
between 2 and § days, and the end point 1s 2 sharp one between death
and survival Animals should be observed for 1 week.

Dead and living mice are cumulated for each dilution, and LDso
titers can be calculated for each serum *® Neutrahzation indexes can
then be determined by the standard methods %

2 In eggs An “all or none” neutralization test was described b‘y
Burnet and Lush as follows.! Undiluted test sera with control, inacti-
vated at 56° C for 20 minutes, are mixed with equal volumes of virus
diluted sufficiently to give a pock count of approximately 200 pocks
After incubation for 1% to 2 hours at 4° C, 005 m. of each mixture is
i Jated onto the chori i b of jour [2-day-old eggs
After a 40-hour mncubation, a pock count is made, and the results re-
corded as percentage of pocks found with the diluted virus-test serum
mixture as compared with those found with the diluted virus-control
serum mixsture Positive sera, as a rule, cause a reduction of pocks to
below 0 1 per cent of control whereas with negative sera, the pock count
is not less than 30 per cent of the control -

Since a quantitative comparisun of the amount of neutralization

—_—

» See footnote on page 319
4+ Dee dafferent synnge for each dilution
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aetivity is important for study of patients, (he {ollowing routine is vsed
in this laboratory.

A concentration of virus 1 chosen which will give an easily deter-
wmined numbes of plaques (== 100) on the membrane. This is incubated
with an ¢qual quantity of the serum to be tested and 3 controt serum,
the sera being inactivated at 60° C for 20 munutes The test human sera
are used undiluted and dituted i 4-fold steps to 1 256 The control
normat rabbat serum 15 used diluted § 16 or mare, since undafuted rabbit
serum 12 faund at times to decrease the pock count The time of wcuba-
1iom 15 not emphanzed smce it has been shown that nestralaation can
1ake place within 1 minute * However, recently, 1t has been stated that
incubation for ! hour at 37° C.is requxred for bst results ¥ 003 m} of

each mixture s then lated onto the chori i h of each
of four to stx 12- to {3-day-old eggs using a dufferent syringe for
cach mixtaxe Adter 40 hours’ at 36° C the b are

temoved, and the pochs counted as described above The antibody titer
af each serum 1s recorded as the mghest ditution of that serum which
reduces the pock count below 5D per cent of that found with contra}
serum

Reliable neuiralization tests uswg yolk sac inoculation and the death
of 1he embryo as the end poret have been desenbed s Trwo types may
be used, etther the constant serum-virus dijutson method of the constant
virus-serum cilation method. (o) In the former, fest sera and control,
wactvated by heating at §6° C for 30 minutes, are dituted routmely
1 30, or more as wndicated, and thoroughly mused with an equal quantity
of egg-adapted virus in dilutions of 107! to 10°%, Adter incubation a¢ 37° C
for 60 minutes, 05 mi of each serum-virus mivture s moculated nto
the yolk sac of each of si< to ¢ight 7-day-oid embryonated eggs These
are incubated at 36° C and candled once to twice dady Embryos dying
before 48 hours are discarded Those dymng between the 3d and 12th
day are recorded and the LD, calculated (4} In the latter a constant
concentration of virus (3 to 30 LD;,) is nuxed with falling 2- to 4-fold
dilutiens of serum to be tested Al sers fncluding normal rabbat control
afe wnactivated 31 56° C. for 30 minutes The mixtures are allowed 1o
intubate for 1 hour 2t 37° €, and then D5 mt of each mixture is inocy-
lated into the yolk sac of each of six 1o eight ?-day-old embryos as
above, The end points can be recorded as the reciprocal of the serum
dilution afiording SO per cent protection == PDyy Either of these twa
methads appears to be satisfactory,
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3. In tissue culture, Incubate = 100 1Dy, doses of virus in mainte-
nance medium with equal quantities of appropriate dilutions of test and
control sera inactivated at 56° C. for 30 minutes. Inoculate 0.1 m! of
each mixture into each of 2 tissue culture tubes containing sheets of HeLa
cells in 1.0 ml of maintenance medium. Incubate in stationary racks for
7 days. Tubes should be read daily ‘The titer is calculated as the recipro-
cal of the dilution of serum that prevents the occurrence of lesions in the
cell sheets,

C. CompLeEmENT Frxation TEST

Since the first edition of this book, several studies on the use of the
complement fixation test as a diagnostic tool have appeared employing
antigens derived from infected eggs 4445455 An important factor in ob-
taining a good CF antigen seems to be the use of a recently adapted strain.
The difficulties d that p the widespread use of this
test may have stemmed from the use of standard laboratory strains that
had been passaged frequently in eggs.

The following technic as described by Sosa-Martinez and Lennette*!
has heen found to be very satisfactory i our laboratory.

Seventy to ninety 8.day-old embryos (enough to supply 50 to 60
gms. of chorieallanto ) are d via the yolk sac with
50 LDy doses of infected yolk sac Embryos are incubat d
at 37° C. Eggs dying before 40th hour are discarded. Between 40th to
5O0th hours, eggs are candled twice, and those recently dead or sluggish
are placed in reftigerator (<4 4° C.). At 50th hour, the remaining eggs are
placed in refrigerator and chilled from 4 to 18 hours before harvest-
ing. Chorioallantoic membranes and amniotic sacs are removed, thor-
oughly rinsed with saline, and drained mn petti dishes The membraues
are weighed, ground with alundum, and buffered saline, pH 7.2, 15 added
to make a 25 per cent suspension (W/V), After centrifugation for 20
minutes at 2,000 r.p m., the supernatant is placed in tubes 1 8 to 10 ml.
amounts and stored in the dry-ice chest for future use.

For the test the necessary amount is thawed, centrifuged at 2,000
r.pam, for 20 minutes, and the supernate removed and titrated by box
titration method. The unit has a titer range from 1:4 to 1:8 of the 25
per cent suspension. The titration employs 0 2 ml. of falling dilutions of
serum (starting with 1:8 dilution) 2 units of antigen in 0.2 mf , 2 full
units of tement in 0 2 ml, incubation for 18 hours (overnight) at
4° C, After a final addition of 0 § ml. of sensitized cells (equal volume
of 2 per cent sheep erythrocytes and 2 units of hemolysin), the test is




HERPES SIMPLEX 337

incubated at 37° C for 10 to 15 minutes until the controls clear. The
tubes are then removed from the bath, held at room temperature for 20
minutes, and then read The end point is taken at 3 plus complement
fixation,

Normal chotioallantoic membrane and amniotic sacs prepared in
the same way are used as controls in the same dilutions.

Contaminated or old serums (kept in the refrigerator for 2 years)
may give nonspecific results with antigens at the concentration used m
the test For the test, sera are mactivated at 62° C. for 15 mmutes,

D Sxiv TesT
Several investigators have demonstrated that a posmve skin test can

be d d n il havmg dies in ther
blood stream Eather 1 jon %, amniotic 37
flmd,®® or a of amniotic and allantoic

fluids®® has been used as source of skin test antigen, The contaimned virus
has been destroyed by heating at 65° C. 10 70° C for 2 hours on 2 suc-
cessive days,®*57 or at 56° €5 for 2 hours, or by ultraviolet light
irradiation for approximately 254 times as long as required to destray all
detectable virus ® The techmic involves the moculation of 01 ml of
the test antigen intradermally on the volar surface of the one forearm
and 01 ml of control material from uninfected eggs (chorioallantoic
membrane, amniotic and/or allantoic flmd) 1n a stmlar manner on the
volar surface of the other.

A positive skin test 15 described as erythema apd induration of
greater than § mm in average diameter, the control being completely
negative or less than $ mm 1n matimum diameter Nonspecific reactions
appeat to be less common with fluid than with membrane antigens
In older persons the skin test reaction may be negative despite the pres-
ence of airculating antibodies ® The antigen is stable at —20° C for
many months Evidence suggests that the active agent 1s a soluble antigen
separable from the infectious virus * It 1s necessary, however, to pre-
pare the antigen from matenial with a high infectivity titer, greater than
10% infectious units/ml in order to obtain good results
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abruptly and the eruptwve stage begins Withm the next 3 to § days the eruption
passes rapidly through the formation of papules (deep-seated with a shothke feel),
and vesicles, to the formation of pustules (frequently umbilicated when fully de-
veloped) The temperature tends to rise as the pustules develop, varying sath the
seventy of the disease In eases n which death occurs 10 days or more after
the onset, the secondary nse m temperature of the patients may be pronounced,
although {n mulder cases which survive it may be slght or absent There may be a
moderate leukocytosts 1n this stage The distnbutson of Jesions 18 penpheral for
they are more numerous on the face, hands, and feet than on the trunk Vanola
lesions are commonly seen on the palms of the hands, the soles of the feet, and the
tmucosal surfaces of the mouth and throat and are approxmately 1n the same stage
of development at any one time In severe cases the lesions may be confluent

The final or scabbng stage 1s usually mitiated on the 12th to 14th day of the
disease As the pustules heal, crusts form and gradually fall Healing 15 usually
complete 3 to 6 weeks after onset of the disease

There 1s also a fulminating, hemorrhagic type of variola frequently misdiagnosed
as memngococcemia or blood dyscrasta that 1 a highly fatal form ard of particular
dusgnostic significance It 15 characterzed by the onset of petechial or massive
hemorrhagic eruptions durmng the pre-eruptive febrle peniod With the failure of
development of charactersstic vesicles or pustules, it runs a rapdly fatal course
within 4 days In addition to this early type of hemorrhagic smallpox, a later type
15 recognized in which hemorthagic mamfestations continue for a perod of 10 to
12 days, until death occurs Continued high fever, delmum, and hematuria are
common observations

Transmission of vanola 1s usually through association with persons suffering
from the disease, although such contact need not be jntimate Indirect infection
frequently occurs through articles contamunated by contact with patients, such as
bed sheets or bedpans Patients are mfective from the first symptoms untit !l scabs
and crusts have been shed

B PATHOGENES!S OF VARIOLA

Little 13 known of the pathogenesis during the interval from infection
until the enset of fever 12 days later If variola 1s analogous to mousepor,
the classic expertments of Fenner! suggest that the virus enters through
the mucosa of the respiratory tract, quickly passes to the respiratory
Iymph glands and, for a very short time, enters the blood stream early
in the incubation period Virus particles presumably become quickly
phagocytized by the cells of the reticule ial system th:
the body. During the rest of the incubation pertod, intracellular mulu-
plication probably continues 1n the cells of the reticulo-endothehal sys-
tem until the virus again enters the blood stream—this time more
massively, and simultaneous with the onset of the febrile phase of the
isease

While these steps have not yet been demonstrated in human
cases of variola, the viremia coincident with the onset of the febrile
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a, Reagents
b Thetest
<. Interpretation

V  RefERENCES
I. INTRODUCTION

VARIOLA (smallpov), vaccinia, and cowpox are exanthematous infec-
tions caused by immunologically closely related but distinct viruses
The variola virus 1s transmitted from man to man and has no animal
reservoir or vector The disease is world-wide in distribution and when
introduced into a community 1ts incidence largely depends on the num-
ber of susceptible mhabitants It 1s most prevalent in southeast Asl?y
Central Affica, and Central and South America and occurs in sporadic
and epidemic forms—with the highest incidence during the winter and
spring Cowpox is an infection of cattle and, in its naturally acquired
form, 15 an occupational disease of milkers handling infected cows Vac-
cinia virus strams are laboratory strains presumed to have been derived
from cowpox and skin-adapted by calf and rabbit skin passages Vac-
¢inia virus 1s now universally utilized for artificial, active immunization
against smallpox

In the course of routine vaccinations occasional serious complications
occur, with widespread mvolvement of the skin such as eczema vaccina-
tum, generalized vaccinia, and vaccinma nectosum (progressive vaccinia).
These complications have high mortality rates and are of considerable
diagnostic, therapeutic, and medicolegal significance,

II. VARIOLA

A. CrLINICAL MANIFESTATIONS

The pre-eruptive stage is smeisted about 12 days after exposure to variol:
yitus (range 8 to 22 days) and Is characterized by sudden onset of high fever, pros-
gration, and Wzed aching, which Is severe In the lumbar region
A moderate leukopenia 1s seen early 1n the disease, dr

“These symptoms contmue from 3 to 4 days, after which the temperature drops
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membrane Jesions provides the most common source for diagnostic virus
1solation.

Viremia at the onset of the febrle allness leads to infection of the
capillary endothelium of the subcutaneous vessels with perivascular
cellutar fon and extenst: The
lesions on the 3d or 4th day of disease represent the early vascular re-
action to infection of the epithelum Scrapings of these lesions, involving
the lower epithehal layers, show many elementary bodies in stamned
smears,

In the vesicular stage widespread inflammatory reaction to necrosis
of previously infected epithelial cells 15 evident, and demonstration of
virus particles within cell cytoplasm can be readily accomphished with
smears taken from the base of smallpox vesicles

111 COWPOX AND VACCINIA

A Cowrpox

Cowpox 15 a generally mild occupational disease of mulkers handlmg infected
cows, which results 10 the development of local lesions of the bands Regonal
Iymphadenttss, malaise, and moderate elevation in temperature are usually present
Lesions are similar to those seen 1n typical primary vacanation and require 3 o §
weeks 10 heal eruptions oceur 1 individuals

B. Vaccinta

Primary vacuma 15 usually the result of vacamation against smallpox wath
infected calf Iymph It may occur acodentally 10 laboratory workers, especrally
among those engaged tn the production of calf lymph vaccine, when the eyes, Lips,
or fingers may become affected After wmoculation, a small papule appears on ap-
proumately the 3d day, becomes vesicular on the 6tk or 7th duy, and pustular m

As an occasional comphication of pnmary vacanation, wide “seeding” of the
vacania virus may oceur {(generalzed vacdma) More commonly, children with
ecremz become accidentally infected (eczema vactmatum), usually from a vacci-
nated sbling Rarcly, vaccima progressively mvolves all skin adjacent to the
vaccination site, leading to ultimate death (vacania necrosum)

Genesalized vacuinia occurs in children and adults who bave no predisposing
skin lesions 23 & complication, usually at the beight of the prmary vaccima “ake”
ot shortly thereafter (past the 13th day after vaccnation) These complications are
probably Instances of massive vemia with skin localization, which may be based
on some fault 1n the fmmune mechantsm 8 The course of such cases of generalized
vaceinia fs not usually fatal

In eczema vaccinatum innumerable lesions are found over the areas of the slun
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tllness has been consistently substantiated. The work of Downie ef al?
indicates that the degree and duration of this viremia varies with the
severity of the illness. In patients who do not die of the disease, virus can
be isolated from blood only on the 1st and 2d day of disease In patients
whose disease is ultimately fatal, virus has been isolated with more fre-
quency and at 2 fater time n the disease (3d to 8th day). Whenever
antigen is detected mn the blocd by the complement fixation technic, 2
fatal cutcome may be predicted,? The demonstrable presence of antigen
in the blood, ease of primary isolation of virus in the first 2 days, and
isolation of the virus aiter the 2d day, all reflect massive viremia and a
grave prognosis,

Neutralizing and h lutination-inhibi ibodies rise before
complement-fixing antlbodles in vanola nfections Neutrallzmg ant-
bodies can be d a inated patients after the

3d day of disease, and a(ter the 5th or 6th day in unvaccinated indi-
viduals,

Hemagglutination-inhibiting antibodies can be demonstrated on the
3d day of disease, almost coinctdent with the appearance of the eruption.
During the subsequent week there is a rapid nise in antibodies. In unvac-
cinated smallpox patients, the occurrence of hemagglutination-inhnbiting
antibodies of moderately high titer (1 160 or above) 1n a single serum
spectmen taken at the time of the appearance of the skin eruption may
permlt a !en!auve diagnosis of smallpox, The demonstration of a rise in

inati hibi ibodies 1n several successive daily speci-
mens within the Ist week 1s conclusive evidence of disease * In the un-
i d patient, 3! fixing antibodies are generally detected

after the 10th day, and, in previously vaccinated smallpox patients, after
the 6th day.

In general, the chnical improvement of the patient about the 5th
day of disease apparently coincides with the rise of neutralizing anti-
bodies in the blood As postulated by Downue, death is litkely to occur
in the presence of widespread infection of cells and extreme prohferal\lm
of virus at the onset of chimcal illness and before the appearance of anti-
bodies Seventy of disease is determuned, therefore, by the seventy of
invasion up to the 1st or 2d day of 1llness

€. Parnoroctc Lestons oF D1agNosTic IMPORTANCE

Clinical diagnosis of variola depends largely on the recognition of
skin and mucous membrane lesions Aside from blood as a source of

material for virus isolation, material obtained from skin and mucous
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Labaratory diagnostic proceduses include;
Microscopic examination of smears taken from scrapings of the base
of skin and mucous membrane lestons and stained for the presence of
virus elementary bodies
Complement fixation tests designed to demonstrate variola antigen in
the patient’s blood, generally in the pre-eruptive phase, or 1n the skin
lesions
Varus culture on the chorioallantoic membrane of embryonated eggs,
utilizing blood 1n the pre-eruptive phase or materal from skin lesions
Detection of antibody in the patent’s cerum  antibody respense to
smallpox infection 1s detected by 3 techmes which will be described:
{a) the h inhibition test, (5) the ion test,
(c) the 2! fizatson test. Dy ion of a 4-fold nise in
anttbody titer an paired serum specimens drawn 4 to 6 days apart
permit definitive serologic diagnosis. A single acute-phase serum may
permut a presumptive diragnosss in the unvaccinated patient if anti-
body titers are moderately elevated

~

-

IS

A CoLLicTIoN OF MATERIAL

Blood Collect 10m! of venous blood in stenite dry tube with 2 rubber
stopper, Whenever possible, separate serum and clot under aseptic con-
ditions and forward to the laboratory in separate, tightly stoppered,
sterle tubes.

Sahva Collect 1 ml in a sterile glass bottle for virus isolation in the
maculopapular stage only.

Scrapings and smears Clean the surface of several lesions with a
cotton applicator saturated with ether or 70 per cent alcohol

In the maculopapular stage, obtain scrapings from several lesions with
astenle scalpel Make smears on 4 clean glass shdes and allow to air-dry,

In the vesicular stage, clean the tops of lesions First aspirate fluid
through 2 26-gauge needle on a tuberculin syringe or in small capillary
tubes with open ends Remove the tops of the Jesions and take the scrap-
wngs from the base of several lesions. Make smeats on 4 glass slides.

In the pustular stage, microscopic examination is of no value because
of artifacts produced by degenerating cell particles

Vesicular or pustular flurd Clean lesions, puncture, and aspirate
contents with camllary glass pipette. Seal end of capiliary in flame and
send prpette in stoppered glass tube to laboratory.

As an alternate method of collection, aspirate fluid from vesicles and
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affected by the pre-euistent eczema They also occur In previously normal areas of
skin, which suggests that virema carries the virus to tormal skin sites The mor-
tality rate of eczema vacanatum, if it occurs 1n the 1st year of Iife, is very high

Progressive vacania (vacoma necrosum) is characterized by constant progres-
sion over a period of 3 to § months of the imtial vaccinal lesions, so that adjacent
normal skin 1s destroyed Satellite skin lesions occur in other areas of the skus and
bone, as well as in other argans Systemuc reactlon is imtially mid, but death gen-
erally occurs after some months unless antibodies can ke artificrally suppled This
condition results from 2 quantitative defect 1 gamma globulin (2gammaglobub-
nema) or a qualitative defect (dysgammaglobulinemra) 1n which the patient lacks
the ability to form spemfic humoral antibodies aganst vactma 8

Laboratory determunations of gamma globuln levels and tests for the presence
of antibocies against vaceinia are of help in diagnosis and treatment. Virus isolation
can be readily accomplished from the lestons and, sometimes, from the blood Labo-
ratory diagnosis of cowpox and vacuma utilizes the same technics as deseribed for
diagaosis of variola,

1V. LABORATORY DIAGNOSTIC PROCEDURES .

The selection of laboratory diagnostic procedures depends on !l'Ie
stage of the disease 1n which material can be collected, as is shown in
Table 1.

TABLE 1
LABORATORY TEST IN DIAGNOSIS OF VARIOLA
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Modified after A. W Dowme and A Macdonald, Briz, M. Bull 9-191, 1953
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a. Procedure Fix the air-dried film in methyl alcohol for 14 hour
ot more. Place the shde in 2 dry petri dish. Mix equal amounts of solu-
Yions of 1 per cent methyl viclet in distilled water and 2 per cent sodum
carbonate in a test tube Filter immediately onto a slide, Cover the dish
with 2 1id and incubate at 37° C. for 20 to 30 minutes. Ranse in distilled
water, air-dry, and examine under the o immersion lens. Elementary
bodies stain light violet

b. Interpretation. Figure 1 shows a smear from the base of a small-
pox vesicle and reveals numerous elementary bodies stained by Gut-
stein’s methyl violet method Microscopic examination is most helpful
1n the papulovesicular phase, but is of Little use in the pustular phase
because of numerous artifacts Interpretation of microscopic examina-
tion requires caution The presence of elementary bodies allows 2 pro-
vistonal dragnosis but does nat distinguish between variola, vacema, ot
cowpot and virtually rules out the dizgnoss of varicella Such a pro-
wvisional positive report may be most helpful to the clincisn, but 2 nega-
thie sepant dons Dk e ot the reseigr. o vanla,

2. Complement fixation test for detection of antigen in clinical
specimens, Table 1 shows the value of identification of antigen by com-
plement fixation test in various stages of smallpov, using blood, scrapings
from macules and papules, vesicular and pustular fluids, and tops of
lesions and scabs The detection of vanola-vacemnia antigen in the pres-
ence of antvaceinia serum does not differentiate between variola and
vaccinia, but it conclusively rules out herpes simplex and varicella, which
might be connidered in the differential duagnosis,

‘The standard complement fixation test for the variala-vaccinia group
of vivuses 1s descnbed in detail on page 358. Demonstration of specific
antigen utilizes the same technic with the following modification:

a  Reagents. The following antigens can be employed.

Blood Nonhemolyzed serum is inactivated at 56° C, for 30 minntes
and 2-fold dilutions are made in normal saline,

Smears and scrapings of macules and papules. Duplicate of smears
origmnally prepared for microscopic evaminaton (see p 348) provide
useful sources of antigen for dentification by complement fixatinn tact
The technic is as follows:

Tlace 1 ot 2 smezrs in 2 stemle petri dush containing 3.0 ml. ¢
solution Scrape the slide with a stenle scalpel, Wash the s))*
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pustules, using a ¥4 ml. tuberculin syninge and 2 26-gauge needle. Re-
turn the syringe and contents intact to the laboratory in a rubber stop-
per-sealed glass tube,

Tops of lesions and scabs. Collect the tops of lesions or scabs in 2
sterile tube with rubber stopper,

1. Packing and shipping of specimens. Place in metal containers
with screw top. Carefully label “Hrcury InrecTIOUS MATERIAL, SUS-
PICIOUS OF SMALLPOX” so that proper precautions will be taken before
the package is opened in the laboratory, A history sheet should accom-
pany the specimen, giving the following mnformation.

Name and age of patient
. Date and place of collection of specimen
. Date of onset of 1llness
. Date of last vaccination
. Known exposure to smallpox or vaccinia
, Known esposure to chickenpos and/or

history of known previous chickenpox,

Although refti; ion js desirable for speci) which are submitted,
virus isolation can often be accomplished without it. Refrigeration 1s not
required for D for the ion of antigen,
or for serologic testing Blood specimens should be frozen only after
serum and clot have been sepatated

SRR N ROy N,

2 Precautions for handling of nfe materiol. All lab 'y
workers should be vaccinated yearly and revaccinated promptly when-
ever variolous matenial 1s introduced into the Iaboratory. It must be noted
that slides sub for mis D ination can, of course, be a
source of laboratory infections.

B IsoLATION AND IDENTIFICATION oF THE VIRUS

1. Microscopsc examnation of smears. Only 1 or 2 of several avail-
able smears should be statned for identification of elementary bodies,
because smears are also a valuable source of variola antigen for identifi-
cation by complement fixation test A number of suitable stams for
demonstration of elementary bodies may be employed, but Gutsteins
methyl violet stamn has been found to be the most simple, satisfactory
technic 7 The solutions required are 1 per cent methyl violet in distilled
water and 2 per cent sodium carbonate.
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a. Procedure. Fix the air-deied film in methyl alcohol for 5 hour
ot more. Flace the siide in a dry petri dish Mix equal amounts of solu-
tions of 1 per cent methyl viclet in distilled water and 2 per cent sodium
catbonate in a test tube Filter immediately onto a slide Cover the dish
with a hid and incubate at 37° C. for 20 to 30 minutes Rinse in distilled
water, air-dry, and examne under the oil immersion lens Elementary
bodies stain Light violet

b Interpretation. Figure 1 shows a smear from the base of a small-
pox vesicle and reveals numerous elementaty bodies stained by Gut-
stein's methyl violet method Micrescopic examination is most helpful
n the papulovesicular phase, but is of little use in the pustular phase
because of numerous artifacts Interpretation of microscopic examina-
tion requires cautioh The presence of elementary hodies allows a pro-
visional diagnosis but does not distinguish between variola, vaccinia, or
cowpox and wirtually rules out the diagnosis of varicells. Such a pro-
visional positive report may be most helpful to the clinician, but a nega-
tave report does not rule out the presence of variola.

2 Complement fixation test for detection of antigen n climcal
spcesmens, Table 1 shows the value of identification of antigen by com-
plement fixation test in various stages of smallpox, using blood, scrapings
from macules and papules, vesicular and pustular fluds, and tops of
lesions and scabs The detection of vatiola-vaceimia antsgen in the pres-
ence of antivaccinia seram does not differentiate between variola and
vaccinia, but it conclusively rules out herpes simplex and varicelta, which
might be considered in the differential diagnosis

Ml ctamdned mmmantamanat Bans = taet £2 01 .. .

a Reagents The following antigens can be employed.

Blood Nonhemolyzed serum 1s inaclivated at 36° C for 3D minutes
and 2-fold dilutions are made i normal saline.

Smears and scrapings of macules and papules. Duplicate of smears
aognally prepared for microscopic examnation {see p 348) provide
useful sources of antigen for identification by complement fixation test.
The technic 1s as follows:

Place 1 or 2 smears in a sterile petri dish containing 1.0 ml of sa¥ine
solution. Scrape the slide with 2 sterile scalpel. Wash the slide down
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from time to time and leave at 4° C. for 1 hour. Remove 02 ml of the
saline solution and dilute with equal parts of saline containing antibiotics
(penicillm, 1,000 U/ml and streptomyein, 5 mg /ml.) for virus isolation
purposes (see p 352). To the 0.8 ml. remaining in the petri dish add 0.7
ml, of sahne; this material is used in tests for the presence of comple-
ment-fixation antigen,

Vesicular and pustular fiuid. If collected in capillary tubes, crush
these in test tube by grinding with glass rod. If material is submitted in
a tuberculin syringe, wash needle and syringe with 0.5 ml of saline solu-
tion back and forth 1n the original storage tube. Add 2 ml. of ether for 60
minutes Remove ether by pipette and gentle warming in 2 warm water
bath. Add physiologic saline to a final volume of 1.7 ml, Remove 0.2 m!
for virus isolation purposes (see p 352). Use remaining 1 5 ml. for com-
plement fixation test

Vesicle, pustule, and scab tissue. Remove small portion of material
for egg inoculation and suspend in normal saline solution containing

antibiotics, Dry rest of material in 2 phosphorus pentoxide desiceator
{or calcium chlotide) for several hours and weigh. Subsequent steps are
those described by MacCallum.® Grind scabs in an enclosed tube (Ten
Broeck grinder), add several ml. of ether and allow to stand for about
30 minutes. Remove ether by pipette and gentle warming in warm water
bath and perform final grinding. Add 10 tunes the werght by volume of
9 per cent sodium chloride Mix with the powdered material and place in
tefrigerator at 4° C for 2 hours Add distilled water to 10 times the
volume of the saline solution to a final 1:100 dilution of material in
normal sahne Centrifuge suspension at 2,000 rpm for 10 minutes.
Remove supernatant fluid and heat at §8° C. for 30 minutes, Use this
as antigen (A minimal volume of 1.4 m! is required for the test.)

Tmmune serum, Prepare variola-vaccima immune serum as follows:
Scarify the skin on a rabbit at 5 or 6 sites and inoculate with calf lymph
vaccme Ten days after lesions have healed give 3 intravenous injections,
at weekly intervals, of a salme suspension of vaccinia elementary bodies
prepared as outhned on page 356. Bleed rabbit 2 weeks after the Jast
injection.

To determine the optimal dilution of 1mmune serum to be used in
the complement fization test a box titration, using kuown antigen, is
done 2s described below. The dilution of serum giving 44 or 34- with the
highest reaching dilution of antigen is used in the actual test. For exam-
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ple: from the results in the box shown below, 2 serum dilution of 1:40 ~
would be employed.

AxTiert Drivtiox

10 20 [ ) 160 30
s 20 4+ “ 4+ 4+ 2+ 0
4 4w 4+ 44 4+ 4+ o 0
Z ® 4+ 4+ 4+ 24 0 0

160 o+ 4+ 0 0 0 0
8 amo “ 3+ [ [ 0 [
& 60 0 0 0 ] 9 [

b The test, The test proper 1s set up as shown in Table 2.

TABLE 2
Vaceinta)
[Immune| Norma) [Unknown)| Com-
Serum | Serum { Antigen | Saline | plement
“Tube 1 (test) o2 - 02 — 020
Tube 2 (NS )* ~ Jo2 oz [ — {ow
Tube 3 (AC)* ~ 3 — loz2 Jonjon
Complement control ~ 3 — o2 Jos oo
Complement control ~ —~ 102 |03 |0
Comaplement control ~ — (o2 Jozs [ous
Complement contral ~ — | oz jon]|ox
Normal serum control ~ Loz — lo]ox
‘Hemolytic control -~ _ - 040 02
Cell control ~ =1~ low| ~

+ NS ~—Antigen nonspecific contral
A C~Antigen anticomplement control

The 4-tube complement control 1s necessary 1 order 1o ensure that
the dilution contans exactly 2 units in 0 2 ml. The 1st tube containing
005 ml, of complement (less than 1 unit) should show enly partial
hemolysis, and the other 3 tubes containing 1 umit or more of comple-
ment should show complete hemolysis

Incubate at 4° to 6° C. overnight, followed by 10 minutes in 37° C
water bath Tor more rapid testing, 4-hour incubation may sometimes
sulfice, but is not recommended Add sensitized sheep cells and shake.
Incubate 1n 37° C water bath for 30 minutes Read
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¢ Interpretation. The unknown antigen is identified as variola-
vaccinia if tube 1 (test) isread as 4+ and tube 2 (N'S.) and tube 3 (A.C.)
are read as O (complete hemolysis). The hemolytic control should show
complete hemolysis and the cell contral should show no hemolysis.

3 Isolation of virus 1n ferile hens’ eggs

a Preparation of material for inoculation, -

Biood Heparinized blood may be employed, but it is well to separate
cells from serum because the presence of neutralizing antibodies in the
serum may mask infective virus in the cells. Inoculum may consist of a
suspension of cells 1n saline solution When heparinized blood is available
a heavy suspension of buffy coat contaiming a predominance of white
blood cells 1s preferred

Vesicular and pustular fluid. Dilute whatever amount is available to
10 mlk in salme solution containing 1,000 U/ml. of penicillin and $
mg /ml. of strep cin, Inoculate 02 ml on the ioallantoic mem-
brane of each of 4 eggs Inoculate 0 2 ml. on a blood agar plate and incu-
bate for 24 hours to test for presence of bacteriologic contamination

Tops of lesions and scabs Dilute suspension of carefully ground leston
material to 1 ml. in sahne sofution containing penicillin (1,000 U/ml}
and streptomycm (5 mg /ml ) Inoculate 0 2 ml. into each of 4 eggs, as
with vesicular and pustular flud.

b. Method of egg culture. Candle 4 or more 10- to 13-day embry-
onated hens’ eggs Mark a spot between blood vessels for the respective
windows. Paint this area of the shell with tincture of jodine Carefully
make a small perforation over the previously outlined air sac. Remove a
small area of the shell over the chottoallantois and place a drop of sterile
saline solution on the shell membrane. Gently “tease” apart the shell
membrane and let the drop of saline solution spread between the
shell membrane and the ct wiich will drop away, Gentle
suction through the air sac will facilitate this. Drop 02 ml of inoculum
on the chorioallantos with a tuberculin syringe with a 23-gauge needle.

Gently rotate the egg to permit the inoculum to spread over the entire

chonua]]antmc membrane Seal the holes with cellophane tape and incu-
lnmn nt 2970 far 97 haure Remove the

round
ariola,

“aa

vaccnma and herpes simplex,

¢. Interpretation Varicla produces fairly small, discrete, circular
plagues which are dome-shaped and show no surrounding tissue destruc-
tion or hemorrhage (F1g 2). Vaccinia virus causes lesions which are flat-
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ter, with considerable necrosis and hemorrhage (Fig. 3). Herpes simplex
lestons, on primary 1solatton of the virus, are usually very small, tend to
be oval, with no evidence of necrosis and little tissue reaction (Fig 4).

An inoculum obtamned from varicella will produce no lesions, Lesions
indistinguishable from those caused by variola major are produced by
variola minor (alastnm)

4, Identsfication of wirus in fccted membrane suspension. Final
dentification is obtained as follows.

Prepare a 20 per cent salime solution suspension of the harvested
membranes, centrifuge at 1,500 rpm for 10 minutes, and use {a) as a
bemagglutinating antigen for susceptible chicken cell suspension, (3) as
a complement-fiung antigen 1n the presence of antivaccinia serum, (¢) as
inoculum for intradermal tnoculation of rabbits, and (d) as moculum for
second chorollantoic passage

a Hemagglutination-tnhibition test Proceed as described for the
‘hemagglutipation-inhtbition test (p 354) for the vanola-vaccnia group.

b the unknown chori is in the antigen titration for the 20
per cent known virus suspension A known vaccima or variola suspension
15 tested in a similar manner Specific hemagglutination will distinguish
the variola-vaccima group from herpes simplex.

b Complement fixation test The chorioallantoic suspension 1s used
asanantigen in the presence of antivaccinia serum, as described (p 349)
This test will not distinguish vanola from vaccinia but will differentiate
that group of viruses from herpes simplex

¢ Rabbit skin moculation Inoculation of rabbit skin 1s a confirma-
tory technie for differentiation between variola and vaccinia isolated on
the chorioallantoic membrane, after the unknown virus 1s found to belong
to the variola-vaccima group Intradermal or scratch inoculation with a
1 of i b vaccnia virus will preduce
necrotic lesions withun 3 days on the shorn rabbit’s back. Some variola
strains produce lesions in the rabbit skin on 1st passage, but lose that
ability on 2d rabbit passage On the other hand, vaccima retains its

pathogenicity for rabbit shin for an indefinite period. Failure to produce
& laciam nn fa A PRI ‘.

complement fixation tests. Conclusive identfication is obtained by pas-
sage of a suspension of the excised rabbit skin on the 3d day after inocula-
tion to another rabbit by sioular technic,
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¢ Interpretation. The unknown antigen is identified as variola-
vaccinta if tube 1 (test) is read as 4 and tube 2 (N.S.) and tube 3 (A C.)
are read as O (complete hemolysis). The hemolytic control should show
complete hemolysis and the cell control should show no hemolysis.

3 Isolation of virus wn fertile hens’ eggs.

a Preparation of matenal for inoculation, -

Blood Heparimized blood may be employed, but 1t 15 well to separate
cells from serum because the presence of neutralizing antibodses in the
serum may mask infective virus in the cells. Inoculum may consist of a
suspenston of cells in saline solution When heparinized blood 1s available
a heavy suspension of buffy coat contaming a predominance of white
blood cells is preferred.

Vestcular and pustular flud. Dilute whatever amount is available to
10 ml in saline solution contamng 1,000 U/m! of pemeillin and §
mg /ml of streptomycin Inoculate 02 ml on the chorioallantoic mem-
brane of each of 4 eggs Inoculate 0 2 ml on a blood agar plate 2nd incu-
bate for 24 hours to test for presence of bactetiologic contamination

Tops of lesions and scabs Dilute suspension of carefully ground lesion
material to 1 ml, in saline solution containing penicillin (1,000 U/ml.}
and streptomycin (5 mg /ml ) Inoculate 0.2 ml. into each of 4 eggs, as
with vesicular and pustular flud

b. Method of egg culture Candle 4 or more 10- to 13-day embry-
onated hens’ eggs Mark a spot between blood vessels for the respective
windows Pamnt this area of the shell with tincture of rodine, Carefully
make a small perforation over the previously outlined air sac Remove a
small area of the shell over the chorioallantos and place a drop of sterle
saline solution on the shell membrane. Gently “tease” apart the shell
membrane and let the drop of saline solution spread between the
shell b and the chor which will drop away. Gentle
suctton through the air sac will facilitate this Drop 0 2 ml. of inoculum
on the chorioallantors with a tuberculin syringe with a 23-gauge needle
Gently rotate the egg to pernut the inoculum to spread over the entire
chonpallantoic membrane. Seal the holes with cellophane tape and incu-
bate the egg n a hurmd atmosphere at 37° C for 72 hours Remove the
chatioallantols and float 1t in saline solution against a black hnckgm.und
to permit 2 macroscopic differentiation between the lesions of variola,
vaccinia, and herpes simplex. .

~ Interpretation Variola produces fairly small, discrete, ?ufular




VARIOLA AND VACCINIA 385

b. Test procedure.

Antigen titration Set up serses of 10 tubes (10 X 75 mm.) Add 0.5
ml of 085 per cent saline solution to all the tubes Add 03 ml of 20
per cent virus stock suspension to the Ist tube, using 1 ml. serologic
pipette. Mix the contents of the Ist tube, using new pipette. Transfer
05 ml of the mixture to the 2d tube (1:20) Two-fold dilutions are
made similarly up to 1.1,024. Add 025 m! of 0.5 per cent chicken cell
suspension to all the tubes and a control tube contarmng 0.5 ml of
salne solution Shake the rack to mix and allow to stand for about an
hour at voom temperature until the cells have settled (A titer of 1:640
or 1 1,280 is destrable for sustable antigen )

One hemagglutinating umt 15 defined as the least amount of antigen
1 0 25 ml, which produces definite agglutimation, A positive reaction 1s
indicated by a homogeneous shield of agglutinated cells over the bottom
of the tube, a negative reaction 1s shown by a button of settled cells at
the bottom of the tube Tiwo umits are used for the test

The test The test 15 based on 2-fo'd serial dilutions of serum in 0.25
ml of volume, to which 2 hemagglutinating units of antigen 1n 0 25 mit
of chicken cell suspension are added The serum titer 1s the greatest
dilution which completely inhibits b 1

‘Two-fold dilutions of test sera, 025 ml. per dilution, are set up in
dilutions from 1:5 te 1 2,560-—by adding @ | ml of serum to 04 m] of
saline solutron in the Ist tube, muxing and carrying 0 23 m1 over into
025 ml, salme solution m the 2d tube and subsequent tubes to complete
a senies of 10 tubes Sct up positive and negatine serum controls—the
positive serum to measure the sensiiwity of the test, the pegative to
assure specificity and ehimiate a nomp:uﬁc hpld aggluunnhon To each
tube, add 025 ml of virus
units, For example if the end pomt 1s 1 l 024, 2 uml< are rtpresenled
by 1 512 dilution

A wirus control 1s set up n the followtng manner Use a series of 6
tubes. Add 05 mi of saline wolution to the tubes, except the Ist tube
Add 0 § ml. of the diluted antigen (contairing 2 umits 1n 0 25 ml ) to the
Ist and 2d tube Mix the contents of the 2d tube and transfer to the 3d
tube, Two-fold dilutions are made sumlasly up to the 6th tube Shake
alt racks and place in incubator at 35° 10 37° € for 1 hour Add 025 ml
of the 0 5 per cent chicken cell suspension to all tubes, Shake well and
allow to stand at room temperature untif the cells have settled (about 1
hour). Add cells to a tube comtaming 0.5 ml saline solution to serve asa
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C SErorocIc AND IMMUNOLoGIC METHODS oF DiacNosts

A significant nise in antibodies against the variola-vaccinia group of
viruses is of diagnostic importance. The detection of hemagglutination-
inhibiting antibodies or complement-fixing antibodies in patients who
have not been vaccinated in the previous 24 months, or a 4-fold rise m
antibodies in 2 successive samples of serum taken 4 to 6 days apart from
patients more recently vaccinated, can materially aid in specific early
diagnosis Tentative diagnosis can be made m the unvaccinated individual
by the d ion of t lutinating or neutralizing antibodies
m a single specimen of serum taken shortly after the appearance of the
rash

1. Hemagglutination-inhibitron test

a. Reagents.

Virus antigen suspension Prepare antigen by inoculating the dropped
chorioallantoic membranes of 11- to 13-day embryonated hens' eggs with
02ml of 2 1 100 to 1°1,000 dilution of egg-adapted vaccinia virus or
calf lymph Incubate 3 days at 37° C. Harvest, pool, and grind in 2 mor-
tar the choroallantoic membranes of all eggs, dead or alive. Dilute to 20
per cent suspension by weight in physiologic saline, After 1,500 rpm
centrifugation for 10 minutes, remove the supernatant fluid as stock
virus suspension This remains stable indefinitely in the frozen state, and
aslong as 3 months at 4° C

Chicken cell suspension Only red blood cells of certain adult chickens
are agglutinable by the variol. virus Select donors
by testing with 0.5 ml of known virus suspension or with 05 ml. of
cardiolipin microflocculation antigen in dilution of 1.10,000 Chicken
cells agglutimated by at least 1 32 dilution of 20 per cent C.A.M, suspen-
sion (0.25 ml of 0 5 per cent cell suspension plus 0 5 ml of virus sus-
pension) are considered appropriate,

Blood 15 taken in Alsever’s solution 1h a proportion of approximately
1:5. (Chicken cells in Alsever’s solution are stored at 4° C, and are
usable for about 2 weeks.) Before use, remove an appropriate amount,
wash 3 times in O 85 per cent saline solution. Pack by centrifugation at

1,800 r.p m. for 10 minutes, and dilute to 0.5 per cent suspension in 0 85
per cent salme solution

Sera, Dilute sera to 1 5 with 0 85 per cent saline solution and inacti-
yvate at 60° C. for 30 minutes. Use hyperimmune rabbit serum as a posi-
tive control, and normal rabbit serum for negative control. (The nega-
tivity should be demonstrated by test }
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Tncubate dilutions 1 the water bath at 37° C. tor 30 minutes At least
§ egps per dilution are inoculated on the chorioaliantoi s with
0.2 m}, of mocylum per 2gg After 48 howrs' incubation at 37° C , hirvest
chorivallantoic membranes and place in pein dishes with salt solution
Count pachs on a bactena! colony counter, with an average pock count
obtained from 5§ eggs Use a ddution which produces about 100 to 500
pocks for the test.

Serz Inactivate sera {hlute with stenle sahne salution if necessary)
in water bath at 36° C. for 30 minutes

Eggs Use 10- to 13-day-old embryenated fens' eggs, Preparation of
dropped choriwallantere membrane 1 deseribed on page 352

b The test Use mactivated serum undiluted and driuted ! 2, Place
serum (0§ ml per egg) in a stenale tube with a ¢ork or a rubber stopper
Make virus difutions double strength so that after addition of equal
amourts of sera, they are of dessred difutton

After insctivation, oux equal amounts of sesum and virus dilution
and incubaie in water bath at 37° C, or at room temperatue, for 30
munytes For very low titered sera, 4 bours' incubation at room temper-
ature 15 advisable Tiwwo controlz are set up. {a) virus-salme misture
(equal amounts of each} serving as a standard in pock commting, and
(6) virusvaccimua wnmune rabbit serum mixture as a posune canteol
After 30 munutes’ incubation, plrce the tubes with woculum in an ice
water bath or 1 as kebov vatl smoculated Inoculate 02 mi of the
inocutumn om a dropped chonoaliantne membrane, using a 1 m} tober
culin sysinge and a 2-gauge needle Genlly rotate the egg to Jet the
moculem spread over the chorioallaniore membrane Seal the holes with
ceflophane tape,

Harvest chonoaltantae membranes after & 48-houe socubation at
32° C Obtasn an aserzge sumbes of pocks for eath dilation Obtain
percentage of pock reduction from the number of pocks of virus-sera
mivtare ard that of the contral virus-sahine mivtuce A 50 per cent re-
duction in pack count 1s considered significant ¥ 50 per cent or preater
pack reduciion has occurred with undduted serum, titration may be dene
ot & step-wise fashron by using serum dilutions of 1.2, ¢4, and 1 § and
note cesults If peuteatization again ocgurs, dilutions of 1 16 sad $:32
are tested Qc a sder range may be employed sfter the prelimimary test
Titer 15 the highest dilvtien of serum which permits an average pock
reduttion of SO per cent or greater
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control of the cell suspension. Read test after the cells are sedimented
This is facilitated by holding the racks over a mirror if 13/32-inch
drameter holes have been bored through the bottom of the racks, or if
wire racks are used

‘The negative serum control should show hemagglutination throughout.
The positive serum control should not differ more than 1 tube from the
previously determined titer. The virus control should show agglutina-
tion in the first 3 tubes.

The test serum titers are recorded as the highest serum dilution giving
complete inhibition of agglutination (a pattern of a sharply demarcated
button of red cells similar to the cell control).

c. Interpretation, A 4-fold rise in titer of paired serum specimens is
diagnostic of infection with an agent of the variola-vaccinia group A
single serum specimen drawn on the 3d to 5th day of the illness may
strongly suggest the diagnosis if a titer of 1:160 or above is obtained in
a person not recently vaccinated

2. Neutrabzation test

a Reagents A 20 per cent salme suspension of chorioallantoic mem-
brane infected with vaccinia virus may be used Because variola produces
smaller, more discrete pocks it 1s often preferred as an antigen for egg
neutralization tests,

Purified suspensions More clear-cut results are obtained with par-
tially purified elementary body suspensions than with crude suspenston
Punfied suspensions are made as follows: prepare a 20 per cent saline

of chorioallantoi infected with varnola or vac-
cinta virus Shake this suspension in a tightly stoppered flask with glass
beads, using 9 times its volume of stenle, buffered distilled water as
diluent. Centrifuge at low speed for 10 minutes Draw off supernatant
fluid and centrifuge in an angle head at either 5,000 r p m. for 2 hours or
2t 13,000 rpm for 20 minutes. Resuspend the sediment in saline to %
the original volume, The suspension is cultured for sterility and may be
kept frozen in small lots for repeated use

Virus titration. Set up a seties of tubes contaning 0 5 ml. sterile salme
solution in the 1st tube and 4 .5 ml. of saline i m the halance of the tubes
Add 05 ml of 20 per cent chorioall; or -y body

suspension to the 1st tube; transfer 05 ml. of the mixture to the 2d
tube, transfer 0 5 ml. from the 2d mixture to the 3d tube, and so on.
For titration use 5 dilutions, which will bracket expected end point
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Incubate dilutions in the water balh at 37° C, for 30 munutes At least
5 eggs per dilution are d on the i with
02 ml of moculum per egg After 48 hours’ incubation at 37° C , hdrvest
chorioallantoic membranes and place in petr1 dishes with salt solution
Count pocks an a bacterial colony counter, with an average pock count
obtained from 5 eggs Use a dilution which produces about 100 to 500
pocks for the test

Sera, Inactivate sera (cilute with sterile saline solution if necessary)
in water bath at 56° C for 30 minutes

Eggs Use 10- to 13-day-old embryonated hens’ eggs Preparation of
dropped chonoallantoie membrane 15 described on page 352

b The test Use inactivated serum und:luted and diluted 1 2 Place
serum (O 1 m! per egg) 1n a sterile tube wath a cork or a rubber stopper
Make virus difutions double strength so that after addition of equal
amounts of sera, they are of desired dilution

After inactivation, mux equal amounts of serum and virus dilution
and incubate mn water bath at 37° C, or at room temperature, for 30
minutes For very low titered sera, 4 hours’ incubation at room temper-
ature 15 adwisable Two controls are set up (@) virus-saline mixture
(equal amounts of each) serving as a standard m pock counting, and
{b) virus-vaccima immune rabbit serum mixture as a positive contro]
After 30 munutes’ incubation, place the tubes with inoculum in an 1ce
water bath or m an icebox until inoculated Inoculate 02 ml of the
inoculum on a dropped chorioallantoic membrane, using a 1 ml. tuber-
culin syringe and a 23-gauge needle Gently rotate the egg to let the
tnoculum spread over the chorioallantoic membrane Seal the holes with
cellophane tape,

Harvest chorioallantoic membranes after a 48-hour ncubation at
37° C Obtain an average number of pocks for each dilution. Obtain
percentage of pock reduction from the number of pocks of virus-sera
muxture and that of the control virus-saline mixture A 50 per cent re-
duction in pock count 1s considered sigmficant If SO per cent or greater
pock reduction has occurred with undiluted serum, titration may be done
on a step-wise fashion by using serum diluttons of 1 2,1 4, and 1 8 and
note results If neutralization again occurs, dilutions of 1 16 and 1 32
are tested. Or a wider range may be employed after the preliminary test
Titer 15 the highest dilution of serum which permits an average pock
reduction of 50 per cent or greater
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c. Interpretation, The presence of any neutralizing antibodies as
judged by 50 per cent pock reduction may be significant, Titers of 1:8
or 1516 usually can be expected after primary vaccination and are usually
higher (1.32 or 1.64) in variola major.

3. Complement fixation test.

a, Reagents. An 0 85 per cent saline solution containing 10 m! of
10 per cent Mg SO per liter (Kolmer saline)} may he used.

Sensitized cell suspension. Collect sheep cells in Alsever’s solution
(equal parts). Wash 3 times at 1,500 r.p m in saline for 8 minutes After
last washing pack at 2,000 rpm for 15 minutes and use only if super-
natant fluid is colorless and crystal clear. Make 2.5 per cent cell suspen-
sion in saline splution

Amboceptor (hemolysin). Two units are contained in 02 ml Prepa-
ration of stock solution of 1:100: 98 ml of Kolmer saline, 2 ml. of
amboceptor preserved m 50 per cent glycerin. Store in refrigerator.

Titration Prepare a 1.1,000 solution of amboceptor (03 m! of stock
1 100 dilution plus 2.7 m! of Kolmer saline}.

FPreEPARATION OF Drumiow
05 ml amboceptor (1 1,000) . . .
05 ml amboceptor (1:1,000) 4 05 ml salime..
05 ml amboceptor (1°1,000) + 10 ml sahne
0.5 m! amboceptor (1:1,000) - 15 ml sahne..
0.5 ml amboceptor (1 1,000) + 20 ml saline
05 ml ambocepter (1 3,000) + 05 ml zalne
058 ml amboceptor (1 4,000) +- 05 ml sahne.
05 ml amboceptor {1 5,000) 4 03 ml salne
05 ml amboceptor (1 6,000) + 0§ ml salme . .
05 ml amboceptor (1 $,000) + 05 ml sahne ... .

. 116,000

‘TITRATION
02 ml amboceptor dilutions (1 1,000to 1 16,000)
©02ml 1 30 complement (01151 comp, - 29 m! salne)
©04ml Kolmer saline
02ml of 2 5 per cent sheep eells (suspended in Kolmer salne
from the previously washed and packed cells)

Shake to mix, then incubate in a 37° C. water bath for 30 minutes
and read. The highest dilution of amboceptor which shows complete
hemolysis represents oNC uNIT Two umts ase used in the test, for ex-
ample: If the 1:10,000 dilution shows complete hemolysis, 2 units would
be contained in 0 Zmi of a 1:5,000 dilution of amboceptor. Rapidly niix
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equal parts of the 2 5 per cent cell suspension and amboceptor dilution
(as determined by titration), by pouring back and forth several times
These must stand at room temperature for 10 minutes before being used.
Complement. Titrate 2 exact umts to be contamed in 0.2 m! Dilute
antigen as to be used in the test
Titration Dilute lyophilized complement to 1-30 (0.1 ml comp, 4~
29 m) of saline) Titrate in the following amounts-

Tube 12 I sfalsfe]1]8]o
(SSRGS SO (UG JURAU IS VL SRS SR S N
Comn (1.30) 015 013, 012j011;010l00 00800 [00s
Astigen D20 020020 020'0205020 020(020]020
Salime 0131017&]23‘01\)\0301031 032{033]034

Tocubate §n 37° € water bath for 30 mutes, then add 040 md
sensitized celis to all tubes Shake to mix and wcubate in a 37° C water
bath for 30 minutes Read, Two exact umts are used in the test—the tube
which contains the least amount of complement showing complete hemo-
1ysis represents 1 exact umit. The comnplement may be dsluted to contan
2 exact umats i 0 2 ml, by using the following formula: 2V * 302s0.2 . X.
Where V represents the volume of complement used 1m the last tube
shawing complete 1n the utration, X
dilution of complement to be used 1n the test,

Antigen, Two units are contained 0 2 mi

Use supernate of high speed centnfugation of 20 per cent chono-
atlantoic membrane suspension infected with calf fymph vaceinia virus
This soluble antigen will keep under refrigeration for 2 to 2 years and
can be formalinized Control antigen 15 prepared from noninfected mem-
branes 1n a sinular manner. Minced infected rabbit skin can also serve
asa source of lugh titer antigen,

Titration is conducted by testing senal 2-fold dilutions of antigen

Box titration  Dulute fmmuue serum serially, starting at a dilution
which 15 4-fold below the expected titer of the serum, and carry through
a dilution which 15 4-fold greater than the expected uter of the serum
Dilute the antigen senally, starting at 1:2 and continye thraugh 1:128,
These difutions may be altered if previous expenence indicates that a
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different range may be more satisfactory, Add 0.2 mlL of 2 exact units of
dilute complement, as determined by the complement titration and calcu-
lation, Include controls on all reagents,

Set up box titration in the following manner, duplicate rows of 0.2
ml of serum dilutions, 02 ml. of antigen dilutions 1:2 through 1:128
to each respective serum dilution, 0,2 ml of complement diluted to con-
tain 2 exact units 1n 0.2 ml, to each tube, Shake racks well and allow to
stand in refrigerator overnight Follow wath 10 minutes in 37° C. water
bath to warm Add 04 ml of sensitized sheep cells to each tube, place in
37° C. water bath for 30 minutes, and then read

One unit is determuined by the titration as the highest dilution of
antigen giving a 3+ or 4+ reaction with the highest dilution of immune
serum The dilution of antigen to employ in the main test is one calcu-
lated to give 2 units in 0.2 ml. If, for example, I unit was found in 0 2 ml
of the 1.16 dilution of the antigen, the antigen would be diluted 1:8 for
use in the test

Sera Inactivate in imitial (1-4) dilution for 30 minutes in a 60° C
water bath. Two-fold senal ditutions are made in Kolmer saline, usually
beginning with a 1 4 dilution

b The test. The test proper is set up as indicated 1n the following
chart

3

Nonspecific antigen control
Hemolytic control
Sheep cell control

0.40 0120
060 -

Serum [Specified] Non- Com-

Dilu- | Antigen | speafic plement

ton | 2umts | Antigen | Saboe | 2 units
Test proper (with speciic antigen) | 02 | 02 — — | o2
Test serum-nonspecific control 02 — | 02 — (o020
Test serum A C control 02 — — | oz0 | 020
Complement control and specific 0.2 — | 03s | 0.05
antigen control 02 —~ J o030 o1
02 — Joas o
0z — | o020 | 02

2

rerr et

[

Shake to mx, Incubate overnight at 4° to 6° C Follow with 10
rminutes in 37° C. water bath Add 0.4 ml of sensitized cells (prepared
10 minutes previously) to all tubes. Place tubes jn 37° C, water bath for
30 minutes or less, as determined by 4-tube complement control Remove
when 1 umt clears. Allow the tubes to stand about 15 minutes and read.
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Reading of the test:
4+ . . . Ohemohas
3+ 25 per cent hemolysis
24 . $0 per cent hemolyss
14 75 per cent hemolysis
ES 90 per cent hemolysis
[ . 100 per cent hemolysss

Interpretation After the 6th day of illness, vanola patients wha
bave been previously vaccinated can be expected to have complement-
fixing antibody titers of [ 16 or higher Unvaccinated patients do not
develop such titers until after the (Oth day of the disease

Notg ~—Certain of the studies were supported in part by Research Grant E-447-R
from the Public Health Service, of the National Inshtutes of Health, Federal Se.
cunty Agency, the Research Committee, Umiversity of Califorma School of Medicine,
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364 DIAGNOSTIC PROCEDURES

HE chnical manifestations in yellow fever are so variable that posi-

tive di is is i ible without lab y assistance, In only
a minonty of cases is the classical clinical picture ¢ncountered, While
there are numerous Iaboratory procedures of value, only those will be
considered here which lead to the establishment of the diagnosis; those
having presumptive value only will be omitted

I. ISOLATION AND IDENTIFICATION OF THE VIRUS

For the certam diagnosis of yellow fever, three lines of investigation
are available:

1, Isolation of yellow fever virus from patient’s blood,

2 Demonstration of specific histopathologic lesions at autopsy.

3. Demonstration of a marked rise in specific antibody content of
the blood serum during convalescence.

A, TsoLATION OF VIRUS FROM PATiENT's Broop

During the period of circulation of active virus in the patient’s bload,
the presence of the infective agent may be demonstrated by inoculating
whole blood or serum into a susceptible animal, The test animals most
commonly used are the rhesus monkey and the wlite mouse Many
monkeys native to South America and Africa may also be employed
satisfactorily if due consideration is paid to the variabulity in suscepti-
bility of these 2nimals and to the tendency for most of the species to
have the disease in a very mild form.

Inoculation of the monkey may be by the subcutaneous ot intra-
peritoneal routes, On the other hand, the adult white mouse is relatively
insusceptible by these routes so that the suspected sevum must be inocu-
lated directly into the brain

The prosp of 1 ion of virus are excellent
during the first 3 days of the disease, irrespective of the degree of illness;
only rarely con virus be shown alter the 6th day after the clinical
onset. There is a marked variability not only in the climcal manife§!3<
tions af yellow fever hut also in the time at which demonstrable virus
may appear in the blood stream as well as in the length of time it eircu-
fates and the amount present as judged by titration 1 mice. In & sus-

pected case, therefore, 1t Is wise to make datly bleedings for 5 days,
- Ve e eaiMNe s AL meaea f 4ha ean-a T4 ig desirable

e sufficient
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1. Monkeys. When thesus monkeys are employed as test ammals,
the inocutum should be 1 to 2 mi. of the suspected serum The blood
of the animal to be used is examined before inoculation of the virus to
make sure that 1t is {ree of yellow fever antibodies A sample of this
pre-experimental serum should be preserved for subsequent comparison.
The rectal temperature of the test animal 15 taken morning and evening,
and elevations above 46% C, can be considered as sigmificant Tn such
event the animal should be bled (preferably from the leg vein) and the
serum subinoculated into a group of mice (conventionally 6) If the case
is one of exceptional amportance, then such bleedings may be performed
daily, irrespective of evidences of fever The serum remaining from each
bleeding may, if desired, be preserved by freezing and drying or in a low
temperature cabinet In the event that the monkey should suffer a fatal
illness, autopsy with special attention to the microscopic findings i the
hver may confirm the diagnosis at once without waiting for the final evi-
dence 1m the mice The most satisfactery identification of the virus,
however, 15 in the mouse passage material When the mice become 1ll, the
brains of 1 or 2 whose symptoms are typical may be tniturated in 3.0 mt
each of 10 per cent normal monkey or human serum 1 saline diluent
Further dilutions of this virus preparation are allowed to react with
normal and yellow fever immune sera and the mixtures are tested for
surviving virus by inoculation into mice The technic 15 that of the
standard intracerebral protection test Since it is essential that the neu-
tralization test be specific, 1t 15 recommended that the normal and the
immune sera be from the same monkey—taken before and after known
yellow fever symmumization—so that differences other thau the presence
of yellow fever antibodses will be eliminated.

2 Mice. Sinte mice are presumed to be available, 1t 1s recommended
that a group of these ammals be inoculated with each ongmal blood
specimen Owing to the high cost of rhesus monkeys, it 15 usually not
possible to devote several of them to a single patient, and where multiple
bleedings are obtaned in the acute stage of 1llness, they must of neces-
sity be given to the same animal The simultaneous moculation of mice
permits more exact information to be obtained with regard to the days
of virus circulation

When monkeys are not available, mice can be used alone with good
prospect of success But dufferent races of white mice vary markedly in
thewr susceptitaiity to yellow fever virus, and strains of the virus differ
m pathogenicity for mice, These facts have led various workers to mis-
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trust the use of mice for the original isolation of virus, However, my
experience has been favorable. In Colombia, in approximately 40 isola-
tion experiments m both rhesus monkeys and mice, when in many cases
the virus was from mosquitoes rather than from man, there were only
two instances in which evidence of infection was observed in the monkey
without if ion in the cf ding mice. More recently, in
Nigeria, West Africa, during the study of an outbreak of yellow fever,
34 1solations of virus from human material were made in mice alone
with little difficulty In most instances, all mice inoculated became ill in
a regular manner,

The esperience in the laboratory at Entebbe, Uganda, bas not been
so satisfactory 1 this respect. In several instances, virus has been ob-
tained by monkey inoculation when none has been noted in the mice
mnoculated with the same material,

Notwith ding these ional
tion in mice alone is a bly d dable p
human suspect cases

When the rhesus monkey is used, there may be the rare instance in
which no circulating virus is de d although the animal may
have been nfected with or without a resultant temperature rise. Under
such circumstances, blood serum taken a month or so after incculation
may be tested for specific antthodies in comparison with the pre-experi-
mental serum. The presence of specific antibodies in the second specimen
when these were absent from the first is indicative of a yellow fever
infection of the animal in the interval between the examination of the
two specimens, If all other possible sources of infection in the laboratory
during this time can be eliminated, it may be concluded that virus was
present in the original material

From what has been said, 1t is clear that the origin of a virus recovered
can be ascribed to a particular inoculum only to the extent that all other
sources of virus have been eliminated. There is an uncanny tendency for
unsuspected technical errors to occur at critical moments 1 an experi-
ment, It cannot be overemphasized that the only means of ensuring the
vahdity of a wirus isolation is to have in the laboratory no virus source
other than the moculum under study.

, it appears that isola-
" sally in
P

B DEMONSTRATION OF SPECIFIC LESIONS
1. Human cases. In fatal cases of suspected yellow fever, al_ltopsy
may estzblish the diagnosis without delay. Grossly, there is evidence
of profound parenchymatous lesion of the liver and kidneys with a
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marked tendency to b di: farly in the mu-
cosa of the gastrointestinal tract, Save for these ﬁndmgs and & variable
amount of jaundice, there is nothing striking A positive diagnosis can-
not be made from the gross findings, although a diffuse fatty parenchym-
atpus change in the liver may justify a strong suspicion

While the renal lesion may be as important as that of the liver in
causing death, it is the hver that 1s pathologically diagnostic, Micto-
scopically there is a diffuse, noppurulent necrosis most in the
midzone of the lver lobule and further characterized by discontinwity in
the Yiver cell cords and a tendency for the necrosis to be coagulative,
glving rise to the so-cailed “Councilman bodies.” Invariably there is a
collar of surviving liver cells about the central vein of the hiver lobule.
Necrosis may and does involve all three zones, and m the fulminating
case the process may be so extensive that zonal predilection is lost.

Special fixations and stamns are unoecessary The usual formol fiva-
tion with hematotylin and eosin staining is entirely satisfactory, A
well-prepared frozen section will enable the diagnosis to be made at once

C  DEMONSTRATION OF INCREASING ANTIBODY TITER 1N
CONVALESCENCE

When recovery occurs the histologic method cannot of course be
applied Furthermore, 1t happens frequently that the question of pos-
sible yellaw fever does not arise until several days of illness have elapsed
=0 that attempts to 1solate virus are unsuccessful Diagnosis can still be
made by utilization of the fact that the antibody content of the blood,
which may be demonstrable with difficulty on the Sth or 6th day of the
disease, nises rapidly duning convalescence. On comparing the antibody
content, of acute and convalescent phase sera in yellow fever, there is
found n great increase 1 antibody titer 1n the second specimen oyer that
n the first

Senial dilutions of each serum are subjected o a standard protection
test The technic may be either an intraperitonea) procedure such as
that of Sawyer and Lloyd or the itracerebral method of Theiler, The
second has the advantage of requiring a very small amount of serum,

When the first specimen 13 obtained on the first day or two of the
chinical disease, the undiluted serum will have no neutxaliling effect
agatust yellow fever vitus, and the second specimen may give an end
point (50 per cent survival ratio) in a ddution of as hugh as 1:1 000,
‘The absolute magnitude of the titers will depend on many factors in the
canduct of the test, such as the amount of virus used and the contact
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trust the use of mice for the original isolation of virus. However, my
experience has been favorable, In Colombia, in approtimately 40 isola-
tion experiments in both rhesus monkeys and mice, when in many cases
the virus was from mosquitoes rather than from man, there were only
two instances in which evidence of infection was observed in the monkey
without ifestation in the corresy g mice, More recently, in
Nigeria, West Africa, during the study of an outbreak of yellow fever,
34 isolations of virus from human material were made in mice 2lone
with little difficulty In most instances, all mice inoculated became ill in
a regular manner

The experience in the laboratory at Entebbe, Uganda, has not been
so satisfactory in this respect. In several instances, virus has been ob-
tained by monkey inoculation when none has been noted in the mice
inoculated with the same material,

N

by

ith ding these ional discrepancies, it appears that 1sola-
tion in mice alone is a bly d dable procedure, especially in
human suspect cases.

When the rhesus monkey is used, there may be the rare instance in
which no 1 virus 15 d although the animal may
have been infected with or without a resultant temperature rise. Under
such cxrcumstances, blood serum taken 2 month or so after inoculation
may be tested for specific antibodies in comparison with the pre-experi-
mental serum The presence of specific antibodies in the second spectmen
when these were absent from the first is indicative of a yellow fever
infection of the animal n the interval between the examination of the
two specimens. If all other possible sources of infection in the laboratory
during this time can be eliminated, it may be concluded that virus was
present mn the original material

From what has been said, 1t is clear that the origin of a virus recovered
can be ascribed to a particular inoculum only to the extent that all other
sources of virus have been eliminated. There 15 an uncanny tendency for
unsuspected technical errors to occur at critical moments in an experi-
ment, Tt cannot be overemphasized that the only means of ensuring the
validity of a virus isolation is to have in the laboratory no virus source
other than the inoculum under study

B. DEMONSTRATION OF SPECIFIC LESIONS
1 Human cases. In fatal cases of suspected yellow fever, autopsy
may establish the diagnosis without delay, Grossly, there is evi(?ence
of profound parenchymatous lesion of the liver and kidoeys with a



YELLOW FEVER 369

11, SEROLOGIC AND IMMUNOLOGIC PROCEDURES
FOR DIAGNOSIS OF DISEASE

A INTRAPERITONEAL ProTECTION TEST

The imtraperitoneal protection test invalves the inoculation of a
mixture of neurotropic yellow fever virus and the serum to be tested into
the peritoneat cavities of a gmup of mice When adult Suce are used,
starch solution 1s also inocul brally to produce 2
lesion. All methods in current use employ the French neurotropic strain
of virus fixed for mice, The technics of Sawyer and Lloyd,* Smithburn?
and Whitman® are presented below

1. Adult mouse test (Sawyer and Lloyd').

a Specimens to be exammed At least 6 ml of the serum to be
tested are needed The test requires 3 ml The remamnder 1s used m case
the results of the first test are doubtful or the coentrol tests prove un-
satisfactory.

The mice Healthy young adult white mice of about 20 gm. weight
are preferred, but moderate differences in age do not seem to affect the
results of the tests

b Preparation of the virus An approxtmate time is Set m advance
for the tests, preferably 2 or 3 consecutive days in the rmddle of the
week Five days before each testing date, a sufficient number of healthy
mice are inoculated intracerebrally with yellow fever virus in mouse
bram tissue. The mice are mnspected each morning The defimtely sick
animals are killed with chloroform and are pmned out. The skin is sht
with scissors from the nose to the middle of the back, and the flaps are
Taid back An assistant sears the top of the skull with a red-hot soldening
iron The operator removes the bony covering over the brain with sterile,
sharp-pointed scissors and then spoons out the brain with a rigid, narrow
spatula of nickel The brain is placed in a small, weighed petri dish The
other hrams secured are placed 1n the same dish, and the total waight s
ascertamed The brains are then finely ground up in a porcelain mortar
with enough isotenic salt solution, or preferably salt solution contaming

10 per cent of normal serum, to make a 10 per cent suspension

¢ Preparation of the serum-virus mixtures In advance of the tests,
3 ml of each specimen of serum or diluted serum and of €ach of several
sera for the controls ate placed in a small test tube If less than 3 ml, of
serum are available for a test, a 50 per cent solution of the serum may be
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time, hence, the importance of including both the acute and convales-
cent phase sera in the same protection test.

H the first specimen has been obtained later in the course of the
disease, it will have antibody, but the end point will be low; thus only
a comparison of the end points will show whether there has been a rise
in antibody content during the interval,

If the suspect disease is not yellow fever and the patient has not
been previously immunized against yellow fever, neither the acute phase
nor the convalescent phase serum will give protection against yellow
fever virus, but if the patient has been previously immunized either by
vacemnation or by having had yellow fever, both sera will be protective
and will give the same titer

D. Arprication of Titese METHODS T0 ANIMAL STUDIES

The three methods of diagnosing yellow fever which have been dis-
cussed above mn theic human application may be applied to studies in
animals The most ry 15 the i dinte di of virus
by the inoculation of the infected animal’s blood. It should be remem-
bered that the sera of many species of animals are toxic to mice when
inoculated intracerebrally, but the effect disappears on dilution, and a
preliminary test will suffice to show the degree of dilution necessary.
Dilution may be made with physiologic saline, Attention to this factor
may be necessary in protection tests

Histopathology tends to be less useful in animal studies than in
human cases Many monkeys exhibit lesions similar to those occurring
1n human patients, but these animals are largely of the species in which
the disease tends to cause high fatality. Most of the species important
in the maintenance of jungle yellow fever have the disease in a mild
form and show no characteristic lesions in the liver, In fatal cases, lesions
may be present, but the histologic eriteria of the human disease cannot
be applied It 15 essential to study the manifestations of the disease in
each species by itself in order to develop diagnostic criteria,

The same comment applies to the interpretation of protection test
results Many animal and bird species possess nonspecific neutralizing
capacity for yellow fever virus upon which specific antibody behavior
may be superimposed It is of even greater importance, therefore, that
pre-and postexpenmental sera be tested in the same protection test run
and that the criteria of interpretation be based on the behavior of the

particular species toward virus under controlled condittons
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tive results are then obtained they are accepted, but the protection ratios
for both tests are shown in the tabular reports to the senders of the sera
The “unsatisfactory” results include those in which the controls are
unsatisfactory and those in which fewer than 4 mice are alive and well 4
days after inoculation

GUIDE FOR INTERPRETATION OF THE
InTRAPERITONEAL PrOTECTION TEST IN MicE

No of deaths or survivals allowed among these mice § to
10 days after moculation if the report is to be “protection”

No of mmce Living 2nd or “no protection” respectively *
well 4 days after FOye——
woculsuion Protection (4) Degative (~)
No_of deaths allowed No of survivals allowed
1,2,3 Result “unsatisfactory” (U) in any case
4 0 [}
56 1 1
7, 8, 2 2
10, 11, 12 3 3
. . o
. . .
peated

2. Adult mouse test of Smithburn? At the Yellow Fever Research
Institute, Entebbe, Uganda, the routine test is a somewhat modified
form of the method of Sawyer and Lloyd described above In the prepa-
ration of the virus, the mfected mouse brains are ground in 10 per cent
normal human serum in 1sotonic saline instead of saline alone as has be-
come customary in many lab fes using the test,
This perrmts a 1 per cent virus suspension to be employed and results in
considerably greater sensitwity with no loss in specificity.

‘The intraperitoneal moculation of the serum-virus mixture and the
intracerebral injection of starch solution are given almost simultaneously
s0 that there 1s a constant relation between the times of the two inocula-
tions This is an important factor, and 1t \v:]l be noted above that Sawyer
and Lloyd this d inally Nevertheless, it has
been the general practice to inoculate the starch solution from 1 to 2
hours before doing the test, mtroduciog thereby an addtional source of
vanation and reducing the sensitivity of the test
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tested if the dilution is stated in the report. To each tube is added 1.5 ml
of the virus suspension. The contents of each tube are mixed and drawr
up into a § ml. graduated glass syringe bearing either the number of the
specimen or that of the mouse group to be inoculated.

d. The starch solution. The starch solution for intracerebral injection
is prepared in advance by adding 2 per cent of comstarch to isotonic
saline and heating in a water bath. The solution is then placed in small,
wide-mouthed Erlenmeyer flasks, autoclaved, and stored ready for use.

e. Controls. With each set of tests there should be 5 control groups
of 6 mice each. Two groups should receive 0.4 ml. of normal serum
(human or monkey) in place of the unknown serum of the test, and two
should receive a knonn immune serum (human or monkey). To con-
serve the immune serum, it may be diluted to 10 per cent if of sufficiently
high titer. The 5th control should be given the virus mixture intracere-
brally. It shows whether the mice are susceptible and the virus potent.
Intracerebral inaculation brings the animals down ! day sooner than
intraperitoneal inoculation with simultaneous cerebral injury. .

f. Inoculation of the mice. An assistant anesthetizes the mice. The
operator injects 003 ml of the starch solution intracerebrally, using a
tuberculin syrmge and fine needle. Then, with one of the larger syringes,
an intraperitoneal injection of 0.6 m! of the virus-serum mixture is
given, The mouse is then dropped into a numbered jar. The actual injec-
tions require approximately 3 minutes for each mouse group.

g. Inspection and recording, The mice are inspected every morniog,
and a record 1s made of those that are sick or dead Printed cards, 3 inches
by § inches, such as shown in Fig. 1, may be used. The first mouse to be-
come sick or die becomes Mouse 1 of the group, and the second, No 2,
and so forth.

b Interpretation of the results. The result of the protection test is
vecorded as the ratio of the number of mice surviving on the 10th day
after inoculation to those that were alve and well on the 4th day. Deaths
before the Sth day are in all probability not due to the yellow fever
virus. From the record cards, the results ave classified as "pmtec!ior},”
“no pro(ectl'on," “ lusive,” ar factory,” in dance with
the requirements of the guide (table, p. 382ff), Ordinarily, a specific death
later than the 10th day shows a considerable protective action of the
serum and has almost the same significance as a survival. If the amount
of serum will permit, the tests of the specimens in the “nconclusive” and

«ynsatisfactory” groups are repeated, and if definitely positive or nega-
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c. Controls Each protection test run has 2 immune serum controls
from different donors, 2 nonimmune serum controls from different donors
and 1 virus titration control The virus is titrated in 4-fold dilutsons {1 1
through 1 256) using 12 mice for each dilution At times a standard
immune serum pool 1s titrated as a contrel 1n 4-fold dilutions, using a
range sufficient to cover the end point

d Inoculation of mice Groups of 6 white Swiss mice 19 to 20 days
old and weighing 9 to 10 gms each are injected intrapentoneally with
each serum virus mivture as soon as all the tubes have been prepared and
in the order in which the virus was added to the test specimens A three-
man team gives the best results—one to £ill syrnges, a second to anesthe-
tize the mice, and the third to inoculate the mice and catefully check all
the serum and mouse group numbers with the work hst

e Interpretation of results With the assumption that the controls
are satisfactory, mterpretation of the results are given 1 the following
table from Whitman’s paper

INTERPRETATION OF RESULTS OF INTRAPERITONEAL PROTECTION TESTS
BasED ON Sawyer anp Lroyp?!

Number of Mice Number of Mice Living on 10th Day,

Liviag on 4th Day * Negative Inconclusive Positive
I o 1,23 4
5 o, ) 45
6 01,2 3 S6

“ Wath less than 4 mice ahive on the 4th day, the test 15 unsatsfactory

B. INTRACEREBRAL PrOTECTION TEST

1. Method of Tkeder® The intraperitoneal methods previously de-
scribed all employ unstandardized virus suspensions of fresh mouse brain
in salime or serum saline The standard test also requires 3 ml of serum,
an amount which makes 1t 1ll-adapted to studies in small animals. The
intracerebral techmic of Theiler employs a standardized desiceated virus
preparation so that a predetermned dosage can be given and the sensi-
twity thus regulated within considerable hmits With highly susceptible
mice, a very sensitive test is obtamed with a virus dose of the order of
25 LDy (50 per cent mortality doses) whereas one of the order of 500
LD will give results comparable to those of the standard inteaperitoneal
1est of Sawyer and Lioyd The serum required is 0.3 ml.

a Procedure. The procedure given here is that of Therler modified
in minor respects by Bugher® and employed at Bogot4, Colombia, and
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All other features of the test are the same as described for the stand-
ard intrapentoneal procedure

3. Young mouse test (Whitman3). This procedure is being employed
routinely by the United States Public Health Service in its laboratory at
Hamilton, Montana The technic is essentially the same as described by
Whitman in his original publication of the method. Tn addition to its
greater sensitivity, the test has the further advantage of employing less
serum than the procedure of Sawyer and Lloyd. Amounts as small as
ml. of serum may be tested satisfactorily.

The procedure being followed at Hamilton* is as follows:

a. Test virus, The French strain of neurotropic virus (400th to 500th
passage in mice) 1s used. A suitable number of adult white Swiss mice
approximately S0-60 days old are each injected intracerebrally with 0.03
ml of a 6 per cent suspension in physiologic saline of freshly prepared
mouse-brain virus Three days later all the living mice are killed with
chloroform, and the brains are removed with as hittle contamination as
possible. Considering each brain ta weigh 04 gm , a 20 per cent mouse-
brain suspension in 10 per cent nonimmune serum-saline is prepared
This is done by using a sterilized enamel bowl (approumately 8 inches
by 4 inches deep) and sash brush with bristles about 2 inches long.
Working the brush up and down and to the sides for several minutes will
grind the brains much finer than a mortar and pestle, The diluent is next
thoroughly mixed in, adding it slowly at first; then the virus suspension
1s centrifuged at 3,500 r p m. for 30 minutes The supernate is transferred
toa flask Cultures are made after centrifugation,

b Serum-virus mixture The optimal virus dosage for each mouse is
approximately 8 LD s This dose is usually contained in 0.02 to 004 ml.
of the 20 per cent virus suspension described above.

The volume of serum for each mouse to be mixed with the virus is
routinely 0 11 ml, although this may be varied at will from 0.04 ml, to
0.36 ml, depending on the amount of serum available and the sensitivity
of the test desired The serum virus mixture is made up on a basis of 10
times volume received per mouse in order to allow for injection of 6 mice,
possible injection of a 7th, and loss i maripulation

In advance of preparing the virus, the sera to be tested are measured
into tubes bearing the respective serum serial numbers Then the virus
s carefully added to the side of each tube at a point about ¥4 inch above
the serum Each tube is agitated so that there is complete mixing of the
serum and the virus, and no isolated drops of either serum or virus are

1eft on the side of the tube,
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Virus is added to all of the tubes, including those containing the
control sera, mn exactly the same amount and manner A portion of
the warus suspension is put aside in another tube for titration at the end
of the test, This portion, about 2 ml , is allowed to stand with the test.

The entire rack of tubes 15 thoroughly shaken for about 30 seconds
as an added means of ensuting complete mixing, and it 15 then atlowed
to remain for the desired contact time without further attention The
contact time and temperature used are 2 hours at 37° C.

With the nominal contact time of 2 hours, injection of the first mix-
ture 15 begun 134 hours after adding the virus Ten or 12 tubes are taken
from the rack, and the remainder are placed in the refrigerator, Under
uniform ether anesthesia the injections are made with a %4 ml tuberculin
syringe equipped with a No 27 gauge, %-inch needle As many sterle
syringes should be ready as there are serum mixtures to inject One finds
a relatively soft area in the shull of the mouse 1 the patietal region,
through which the needle may be pushed very easily. A penetration of 2
or 3 mm 1nto the bramn substance 1s sufficient. Deeper mjection is Likely
to kil the mouse from pressure about the midbrain and brain stem, which
is also true of lations carried out more 1 into
either the right or left cerebral hemispheres will give a minimum of trau-
matic deaths Ordinarily, 6 mice are moculated with each mixture, but
where finer discrimunation 15 desired, 12 mice may be used.

As soon as the first lot of mixtures 1s injected, a second is removed
from the refrigeratot, and so on until all have been moculated The pur-
pose of this is to give as nearly the same time conditions to all mixtures
as possble, the first tubes receiving somewhat less than the 2 hours and
the last ones somewhat more By placing the remaining tubes mn the
refrigerator, a further attempt is made to mimmize the effect of the time
lag Since the addition of the virus takes about 15 minutes and the injec-
tion requices 1 hour, the last tubes will have had slightly less than 214
hours of contact tme, 45 minutes of which will have heen spent at low

temperature Ideally, the test should be injected in the time required to
add the virus, but practically, this is not necessary

Smoothness in performance depends upon well-trained assistants, In
additton to the operator, an anesthetist and one other assistant are
needed. Greater accuracy and speed are obtained if the mice have been
previously placed in properly numbered boves or jars

The details of the test are entered on the standard mouse cards and
also in a separate protection test book. The cards are used for the actual
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at the former Yellow Fever Research Institute, Lagos, Nigeria, The test
is also employed in a similar form but differing in minor features in the
Iaboratories of the Yellow Fever Service, Rio de Janeiro, and in those of
The Rockefeller Foundation, New York City The differences are chiefly
in the matter of contact time and temperature and the strain of mice
used. The procedure is as follows.

Into a stersle Wassermann tube, 0.3 ml of the serum to be tested is
pipetted. The sera ave grouped according to considerations detailed in
a follawing section, and a sufficient number are selected to compose a
“run.” The standard run is of 60 sera, exclusive of controls. It §s prefera-
ble to limit runs to a size permitting injection in not more than I hour.

The first control is made up of 5 tubes of normal human or monkey
serum, or normal serum of the particular species of animal if but one
species is being studied over a period of time. The second control is a
known immune serum which is preferably entered in the test as a titra-
tion; that is, serial dilutions are prepared using the standard diluent and
03 ml amounts of each of the dilutions entered in the test, Dilution
rati0s of 4 or 5 should be used and two dilutions above and two below
the anticipated end point entered 1n the test. This necessitates, of course,
preliminary standardization of the immune serum,

When all sera have been prepared for the addition of virus, they are
listed m order on 2 work sheet, and opposite each serum are entered the
numbers of the mouse groups which are to receive the respective serum
mixtures. This sheet is the guide for the remainder of the procedure and
greatly facilitates speed and accuracy in the final injection of the ma-
terial,

All being in read 2 tubes of d d French pic virus
of an )} dardized lot are rehydrated, and a dilution is pre-
pared which should have the calculated quantity of virus desired for.the
particular test, beating in mind that, in making the mixtures, the virus
is diluted 1:2. To each tube 0.3 ml. of this virus dilution is added, a 1 ml.
pipette being employed and the tip of the pipette being allowed to touch
the interior surface of the tube about 1 cm above the contained serum.
On removing the pipette the tube is tipped and agitated so that the
ery place touched by the virus, and the two are thor-
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tube individually, but it can be done very rapidly.
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pipette to ensure accuracy i volumetric measurement. The virus 1s then
frozen and dried 1 vecio by the technic described by Sawyer, Lloyd,
and Kitchen® and by Lloyd and Penna® or the more recent method of
Bauer and Pickels 1¢

(3) Diluent The standard diluent used 15 10 per cent pormal rhesus
monkey serum 1n 0 9 per ceat saline solution The monkey serum 15 a
pool made from sera of monkeys known to be negative in a sensitive
protection test After making the pool, 1t 1s again tested as diluent by
allowing the virus dilutions made 1a 1t to stand 2 hours at room tempera-
ture, titrations in mice being made at the begmmng and end of the period
The loss of titratable virus should not exceed 20 per cent n this period

As a precautionary measure, the pooled normal serum s filtered
through a Seitz pad and dispensed in 50 ml ampules for use Diluent
15 then made up as needed with sterile saline, no further filtration being
necessary

Al

, 0§ per cent b in m 0 9 per cent saline may be
used as the virus diluent It has given satisfactory results with substan-
t1al economy 1n comparison with serum

(4) Volume of serum used The amount of serum used 1 this test is
the least amount that permuts the inyection of 12 mice If less than 0 3 ml
of serum is available, 1t may be augmented m volume by the addition of
standard diluent to equal 03 ml, and a note should be made that the
test was not carried out on the whole serum

(5) Contact time The importance of the  wstro contact time has
not been sufficiently emphasized i discussions of protection tests In the
mtracerebral test, satisfactory and fixed contact time 1s fully as necessary
as standardized virus

(6) Controls The controls used in this test are three

Vitus titration A sample of the virus dilution used is allowed to stand
with the test, and at the end a titration 1s made Since the value of the
witus s already approumately known, it 1s not necessary to cover a wide
range in this titration

This virus titration thus represents the origmal virus plus whatever
effect on 1t there may have been because of the diluent With a well-
stabilized virus preparation, an aberrant result in the titration, 1f no
technical error has occurred, should lead to a re-examination of the
diluent for virucidal activity

Immune serum A pool of known immune serum, either human or
monkey, is desirable for this purpose Where extensive work 15 being
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mouse record. The duplication of these entries in the special book is worth
the extra effort later when analysis of the results is carried out.

The mice are observed each day at the same hour, and the sick and
dead are recorded On the standard card, the first mouse to die becomes
No 1 and so on. The observations are continued for 10 days, when all
mice are discarded after the 10th day reading

b. Materials and controls, In the foregoing outline, it is evident that
at every step are factors which can and do lead to variability in the
Tesults, Tt therefore becomes highly important to standardize each Tactor
in order to mimimize the over-all vatiability The extent to which this is
achieved determines the applicability of the test to the demonstration of
small amounts of anhibody

(1) Mice Asn the intraperitoneal test, it is highly important that
the susceptibility of the mice be maximal and as uriform as possible
from mouse to mouse 1f, after a titration of French neurotropic virus in
the mice, a dilution is prepared which contains 10 LD o as calculated by
the method of Reed and Muench? and a new lot of mice is inoculated
intraterebrally with 003 ml, they should, with very rare exceptions, all
die. Almost all of the deaths will occur on the Sth to 7th day.

If the strain of mice used in any laboratory fails to give such uniform
results on testing with virus, protection tests should not be started until
a good strain is available Tt is also wise to compare the susceptibility of
a stram of apparently good mice with that of well-established colonies in
other laboratones through the exchange of desiccated vitus shipped
in thermos bottles and packed in 1ce and carbon dioxide.

We prefer to use mice from 42 to 50 days of age in order to keep this
factor uniform, although there are no clear data to the effect that older
mice are not equally satisfactory,

(2) Virus, The virus is prepared as follows: Sufficient mouse brains
infected with French neurotropic virus are removed to make 2.0 gms
This matetial is then ground in a sterile mortar, and small amounts of
normal rhesus monkey serum or normal human serum are added until 2
total of 40 ml, has been reached, The emulsion js divided in 50 ml
centrifuge tubes and centrifuged at 2,500 rpm for 30 minutes, a shorter

time at higher speed 1s better 1f the permits The sup
are collected and pooled. No gross particles should be visible if the super-
natant porttons are carefully taken off. Filtration is not necessary- ‘The
virus is placed in 0 5 ml amounts in stenlized sgn glass tubes 120 by
13 mm, or 5 ml, pyrex ampules The dispensing is done with 2 1.0 ml
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Two mice are inoculated intracérebrally with each dilution, using
one syringe for the three mixtures beginning with the most ditute (front
tube) The pairs of muce are spotted with yellow, blue, and red dyes m
that order to distingwish the dilutions since all 6 mice are placed in one jar

After completing the noculations of the test sera, the virus controls
are completed by adding 0 5 m] of diluent to 0 5 ml of each of the two
final virus dilutions Without further incubation, these mixtures are
moculated into 3 mice each Those from the 1 500,000 mixture are spot-
ted red and those from the { 1,000,000 are colored blue The 6 mice
go1nto one jar All inoculations are 0 03 ml 1 amount and are made into
the cerebrum without anesthesia

b Interpretation Since there are 2 muce for each dilution, 1t is evi-
dent that several patterns of result may occur in accordance with the
following schedule

Virus
Dilution Mortalty
1 500 o+ o+ -
+ + + -~ + = Death
1 5,000 + 4+ - — = Survival
+ o+ - =
1 50,000 b =
4o - =
Interpretation 0 4+ 44 4

Since the virus used kaills regularly all the mice inoculated with the
musture made from the 1 500,000 vieus (the final dilution 1s 1 1,000,000
after the diluent has been added) and 1s frequently rregular in the suc-
ceeding one which 1s twice this dilution, the ditution which kulls all of
the mice 15 said to have 1 m1d so that 1n the test the three difutions
may give dosages of 600, 6,000, and 60,000 m1d per mouse,

The interpretation symbols have the following meaning therefor

© Noprotection
+ Feeble protection Serum neutralizes 600 m.1d approvmately
++ Strong protection Serum neutralizes 6,000 m1d approximately
++-+ Very strong protection Serum neutralizes 60,000 m1d ap-
proumately

As in the tests described previously, the nuce are observed for 10
days and the deaths recorded.

Special attention has been paid at Dakar to the testing of jcteric sera
which are generally recognized as tending to give false neutmlizations’
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done with one animal species, it is convenient to establish an immune
pool of that species In any case, the pool should be large enough to
permit its use over a prolonged period. Greater value is sccured from
this control af it is set up as an antibody titration, serial dilutions of the
immune serum being carried out to both sides of the end point.

Nonimmune serum, Either as a separate control or included with
the run itself, it is important to include a known nonimmune serum.
Routmely, 5 tubes of known nonimmune serum are inserted in each
run.

c. Interpretation The results may be classified according to the
schedule given under the adult mouse test of Sawyer and Lloyd. This
1s the most used dure A finer
of the result may be obtained by the use of the “average survival time’
wherein the time of death is considered in addition to the fact of death or
survival. For diagnostic purposes, the use of the survival ratio is entirely
sufficient, Those who may desire to use the average survisal time critecion
are referred to the published discussion of the method.

"o

2, Method of the Pasteur Institute, Dakar, French West Africalt
‘This technic differs in several respects from any other in common use
today and, because it has been used in the large-scale vaccination pro-
gram in French West Africa and 1n comparative studies of vaccine effi-
ciency, it merits inclusion i this manual

a Procedure The virus source is the desiccated whole brain sub-
stance of mice which have been infected with neurotropic yellow fever
virus. Two such brains are ground in a mortar with 4 ml of 10 per cent
normal serum saline (human or monkey). This suspension is called a
dilution of 1 5, From this, further dilutions in 10 per cent serum saline
aremade. 1 500, 1 5,000, 1.50,000 for the test itself and two addstional
dilutions 1°500,000 and 1:1,000,000 for the virus control

Three tubes are used for each serum, and these are placed in a rack
holding 25 columns of 3 tubes All tubes of the front row receive 0 5 ml
of the 1:50,000 virus, the middle row receives 05 ml. of the 1:5,000
virus; the 1:500 dilution i3 dispensed in the same amount to the tubes
of the back row. .

The sera are then added. Begmning with the front tube (contaimng
the most dilute virus) 05 ml of the serum to be tested is added to each
tube from front to back. As the mxtures are made, each tube is shaken

individually to ensure that all virus is in contact with serum The rack
is then allowed to stand 34 hour at room temperature (25°-30° C.).
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without antibody content should die, while all those injected with anti-
body-containing mixtures should survive. A brief experience with animal
as well as with human sera following known infection with yellow fever
or vaccination with living virus 1s sufficient to demonstrate that the virus-
neutralizing capacities of such sera are quite variable Muench,!? from
statsstical considerations applied to a large mass of data, has shown that
the mortality distributions encountered are compatible with the expected
frequencies in a complex sampling field made up of negative sera with a
sngle mortality probablhty and positive sera whose corresponding mouse
mortality probabal th tves forma ion, although the exact
form of the distribution may not be known

In the presence of such 2 situation, combined with variations inherent
m the test itself, it 15 quite evident that the decisive differentiation be-
tween negative and weakly positive sera contams definite elements of
arbitraniness. As in any quantitative procedure, as the variability rismng
from techmical sources 1s reduced, more precise judgment may be exer-
c1sed with respect to the phenomenon being measured Also the working
standard should be so established as to keep the significant errors at a
mimmum

‘This last consideration has usually not been stressed sufficiently in
regard to yellow fever protection test results For example, when human
surveys are made to determine the regions in which yellow fever exists
or has existed, it is highly important that the sera reported as positive
should be true postives and mdicate, beyond doubt, that the donors
bave had the infection The matter ol’ fax!mg to demunstrate weak post-

K
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strongly positive Therefore, for such purposes, 2 test with an abund’ance
of virus may be desirable, with the sacrifice of maximum sensitivity,

1f the object 18 to determine whether any antibodies whatever exist,
as 1 postvaccration studies or in animal expenimentation, the falure to
detect a weak positive may be as great an error as the report of a false
positive The standards 1n a case of this hind should be such as to make
the totahty of errors minmal

It1s to be emphasized, especially with anitmal sera, that the standards
of interpretation must be established by the study of sera from known
infected and noninfected animals Essentially, this involves an extensive
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With stch sera, the protein is separated and then reconstituted, eliminat-
ing the biliary products that tend to give false reactions. False and true
reactions can thus be distinguished,

C. Coaent

The mouse protection tests described here are in use in various labora-
tories where yellow fever is being studied, and they form the basis for
many publications which have appeared. It is important to realize that
there are differences between them in such matters as sensitivity, The
test being used at Dakar is by far the most severe, in that a large 2mount
of virus must be neutralized in order that all of the mice inoculated with
a mxture may sutvive, The method of Sawyer and Lloyd as usually per-
formed also has a low order of sensitivity although when the original
technic is followed, 1t 1s considerably more sensitive The use of ! per
cent virus in 10 per cent normal serum safine with simultaneous starch
injection and intraperitoneal inoculation gives a sensitivity of the same
order as that of the intracerebral test of Thetler and of the young mouse
test of Whitman The 1 per cent test, however, requires 3 ml, of serum
as compared with 0 3 ml needed for the intracerebral method, It will be
found that the sensitivities of all these methods will differ in various
laboratories, partly from variations in technic but especially from dif-
ferences in mice.

With the exception of the method of Whitman, none of those given
requires muce of critical age Very satisfactory tests may be made in
suckling mice, but such methods have not been mncluded since they pre-
suppose the existence of a mouse colony and are applicable only in highly
specialized circumstances.

Similarly, other serologic methods, such as complement fixation, have
not been included These tests have not the conclusive diagnostic value
of the neutralization reactions and have not as yet the general applica-
bility

It should also be d that the
have been given really apply specifically to human seca. It will be found
that they may be used with satisfaction for nearly afl monkeys and apes
,as well, but their extension to orders other than the primates should be
made with care.

At first thought, one is mclined to say that a properly esml.ﬂisbed
proleclion test is one in which all mice inoculated with serum mixtures

hedules of § fon which
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study of the variability of results in animals known never to have been
in contact with yellow fever virus but which may be presumed to reflect
all other factors operating in the region under consideration.

A further word of caution concerns the general technical background
for these as well as all other tests involving virus neutralization. All
glassware must be meticulously cleansed if one is to avoid introducing

errors resulting in false lizations, Residues of alkalme
washing powders and soaps as well as of oxidizing cleaning agents may
destroy the virus and give false reactions, particularly with the methods
employing small amounts of serum in which the wetted surface of the
glassware is relatively large in comparison with the volume of the liquid.
1f great certainty is desired concerning any one result, the test should be
repeated, preferably with another bleeding of the same donor.
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I IntreDUCTION
Il Mezrnops or TsOLATION AND IDENTIFICATION or THE VIRUS

1 Serorocic Procenures ¥or DuacNosts
A Hemagglutimation-Tnhibition Test
1, ‘Tume of collection, storage, and preparation of serum for test
2 Preparation, titration, and storage of hemagglutinins
a Preparation of hemagelutining
b Titeation of hemagglutinin
3 Procedure for hemagglutination-inhabition test
B Complement Fixation Test
1 Time of collection, storage, and preparation of serum for test
2 Preparation of antigen
3 ‘The complement fixation test
C Neutrahzation Test

IV Rerezinces
1 INTRODUCTION

D ENGUE is an infecti itted disease, i
asarule, by feverof Sto 7 days‘ duration, by pain in various parts
of the body which may be severe enough to lead to prostration, and by
motbilliform, scarlatiniform, or petechial rash, lymphadenopathy, and
leukopenia In nature the only known mode of transmission 15 by mos-
quitoes of the genus Aédes and the only species incriminated thus far are
aegypti, alb Hlaris, and p iensis, Dengue is
therefore, whenever a disease having some or all of the clinical mani-
festations just mentioned occurs at a time when these mosquitoes are
present in appreciable numbers. Until recently it was generally believed
that very little immunity followed a single attack of the disease It is
established, however, that at least 2 immunologic types of the virus exist
and that immunity to homologous types can be of long duration, It is
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qQuitoes of the genus Aédes and the only species incriminated thus (ar ace

Segypts, alboy , and p Dengue is susp 3
therefare, whenever a disease having some or all of the clinical mani-
festations just mentioned occurs at a time when these mosquitoes are
Present in appreciable pumbers Until recently it was generaily believed
that very Jttle immunity followed a single attack of the disease. I is
established, however, that at feast 2 immunologic types of the virus exisy
and that immunity to homologous types can be of long duration, It is
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noteworthy, however, that infections caused by b
1ypes, especially within a few months after the first ntmck may produce
illnesses that are mild, without rash, and associated with fever that may
be only of 1 to 3 days’ duration.

Dengue virus is present in the blood in large amounts during the first
24 hours after onset of fever but, by inoculation of susceptible human
beings, can be detected in diminishing concentration as long as the fever
persists The virus as it 1s contained in human serum is readily filtrable,
is not larger than 17 to 25 my, as determined by filtration through
gradocol membranes, and can be preserved for at least 8 years either in
the frozen state with the aid of dry ice or in the dry state after proper
Iyophilization The human virus produces an inapparent infection in
monkeys, and, as a rule, is without effect in the ordinary laboratory ani-
mals or embryonated eggs Several stratns of both immunologic types of
the virus have now been adapted to mice. The mouse-adapted dengue
virus 1s infectious only by the intracerebral route and may be differen-
tiated from other known viruses by its limited host range in Jaboratory
animals, The mouse-adapted dengue virus is unique in being pathogenic
for mice but not for mature cotton rats, hamsters, rabbits, or guinea pigs.
After approvimately 100 passages in mice 1t was possible to cultivate the
virus in chick embryos 1n continuous sesial passage After a large number
of intracerebral passages m mice, \'armus slr:uns of dengue virus acquired
the capacity to produce in s d keys a paralytic
disease which climucally and histologically is similar to poliomyelitis.
Quantitative studies have shown that the monkey paralytogenic prop-
ecty was newly acquired during the course of the many intracerebral
passages in mice and is not present in potent preparations of both im-
munologic types of the virus at earlier passage levels in mice {Sabin and
Sweet, see Sabin 1)

After a certain number of passages in mice, both immunclogic types
of the virus have retained the capacity to produce a rash but have lost
the capacity to produce the other chnical manifestations of dengue in
human beings. Laboratory workers should remember, however, that the
highly potent human virus present in the serum of patients shortly after
onset of fever can produce the disease alter instillation in the nose or
conjunctival sac or after being rubbed into the scarified skin. A labora-
tary infection has been reported after infected human serum was acci-
dentally squirted into a worker’s eyes,

Repeated passage of dengue virus in 3- to 7-day-old suckling mice
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yields brain suspensions with titers of 106 to 10-¢, Complement-fixing
(C-F) antigen of adequate potency can be prepared from the brains of
suckling mrce having a high virus titer but not fram weaned mice, which,
as a rule, contain about 100 times less virus Human beings, thesus mon-
keys, and chimpanzees infected with homotypic, human virus develop
C-F anubody 1n titers of 1°128 to 1 256 Experimentally infected buman
bemgs residing in dengue-free areas still had C-F antibodies in titers of
1:2to 1 128, 3 to 4 years after inoculation. The C-F antigen is not type-
specific. Human beings and monkeys inoculated with heterotypic strains
of human dengue virus yield convalescent sera which contain high titers
of C-F antibody but little or no neutralizing antibody for the heterotypic
virus Positive C-F tests have been obtained with the sera of people who
had chinically diagnosed dengue in Hawah, Guam, Japan, Java, and New
Guimea 1 or more years before bleeding.

The dengue viruses have been shown to be antigenically related to
the viruses of West Nile fever, yellow fever, 2nd Japanese B encephalitis
by means of the complement fixation test This relationship 15 demon-
strable when concentrated heterologous C-F antigens are used, but usually
not with diluted antigens contaiming the 4 to 8 units ordmarly used for
diagnestic purposes The relationship among these viruses 1s usually not
evident 1n neutrahization fests, although monkeys have been encountered
which developed indexes of 300 to 500 m
therr undiluted serum after mfection with certan strams of Auman
dengue virus Although no antigemic relationship was found between the
viruses of dengue and St Louis encephalitis by means of the C-F test, a
relationship was demonstrated by means of the hemagglutination-inhibi-
tion test Patients recovering from experimental infection with West
Nile fever virus yielded sera with the most marked crossing with dengue
hemagglutinins, whereas the sera of patients recovering from St. Louis
encephalitis reacted with dengue in lower titers These cross reactions do
not preclude an accurate dragnosis by serologic methods, but they em-
phasize the need of using multiple antigens, particularly in regions where
several of these viruses may occur,1 ¢

II METHODS OF ISOLATION AND IDENTIFICATION
OF THE VIRUS
Recovery of a strain of virus from either human serum or mosquitoes
nay be attempted by inoculating suckling mice (2 to 4 days old) intra-
cerebrally. The mice should be of the so-called Swiss varsety because at
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least one variety of white mice (PRI} has been described which is ge-
netically resistant to the dengue~ycllow fever-West Nile-Japanese B
group of viruses,?! The serum should be tested in the 1:10 or 1:100 dilu-
tion as well as undiluted, because of possible interference by large con-
centratiops of virus particles not virulent for mice. The mosquito suspen-
sion should be rendered free of pathogenic bacteria by means of penicillin
and streptomycin (about 1,000 units of each per ml, may be necessary)
and only lightly centrifuged to remove gross particles, 0.01 ml, is injected
intracerebrally. It is advisable to use at least 2 litters of suckling mice for
each dilution. Some strains of virus will paralyze 2 large number of mice
within 9 to 21 days; others will affect only an occasional mouse or none at
all. If any of the mice succumb, the spinal cord and brain should be
passaged in suckling and adult mite—one group intracerebrally and an-
other intraperitapeally. If all the adult mice succumb by any route o if
the intraperitoneally inoculated suckling mice succumb, the newly re-
covered virus is not likely to be dengue. If only the intracerebrally
inoculated suckling mice succumb, the brains and spinal cords should be
hatvested for serologic identification of the virus by either neutralization
orh tutination-inhibition tests described in the next section, For
hemagglutination the tissue is ground up in a special buffer; material
that is to be stored in the frozen state for subsequent use in neutralization
tests should be ground in heated (56° C. for 30 minutes) undiluted rab-
it serum, Strains of dengue virus, which paralyze few if any mice, pro-
duce an ipapparent immunizing infection. The presence or absence of
mfection with either Type 1 (Hawaiian strain prototype) or Type 2
(New Guinea “C" strain prototype) dengue viruses in surviving mice
is ined by an int bral chall with 160 LD of the mouse-
adapted strains which are highly pathogenic for adult mice; this s ad-
ministered 4 to 6 weeks after the original inoculation in the suckling mice

I1I. SEROLOGIC PROCEDURES FOR DIAGNOSIS

Antibodies for the dengue viruses can be demonstrated by neutraliza-
tion tests in mice, and by compl fixation and inati
inhibition (H-I) tests. Since these tests have not as yet been applied to
the diagnosis of naturally occurring acute infections, the only current
guide to diagnosis is based on a study of Sweet and Sabin'? on 4 experi-
mentally inoculated patients who were ohsetved over a period of 4 months
after inoculation with human Type 1 (Hawalian strain) or Type 2 (N?W
Guinea “C") dengue viruses. Homotypic neutralizing and H-T antibodies
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appeared within 7 days after the first rise in temperature, and homotypic
C-F antibody appeared 2 to 3 weeks after onset All 3 varieties of homo-
typic antibody persisted for at least 4 months, and it is known from
studies on other expertmentally inoculated patients residing in dengue-
free regions that the neutralizing and C-F antibodies can persist for
many years without exposure to new nfection Heterotypic neutralizing
antibody, generally m much lower tier, appeared as early as the homo-
typic mn 3 of 4 patients, was delayed for 1 week in the 4th patient, and
persisted 1n all for at least 4 months Heterotypic C-F anttbody, 1n a titer
of 1 4 or more, sppeared in all but 1 of the patients. The homotypic and
heterotypic C-F titers were so similar in the patients infected with the
Hawaiian strain that a diagnos:s of the immunolagic type of virus respon-
sible for the infection would have been impossible or misleading by means
of the C-F test In the 2 patients mfected with the New Gumea “C"”
strain the C-F test permitted a type-specific diagnosis. All sera were also
tested in dilutions of 1.4 and higher with 128 umits of Japanese B en-
cephalitis C-F antigen, and only 1 of the 4 patients developed a transitory
rise to a titer of 1.4 to t 8, which was very much lower than the level of
homatypic dengue C-F antibody The heteratypic H-1 antibodies ap-
peared 1 week Jater than the homotypic and 1n sufficiently lower titer in
3ofthed pauen's to permlt a type-! specxﬁc dlag’nOSlS In the 4lb pahent

tha hatasatom ~ (O R

antibody provides the diagnostic test of choice, and that by using the 2
immunolog:eally distinct dengue antigens, serologic confirmation of the
clinucal diagnos:s is possible mithin 7 days after onset of fever,

A. HEMAGGLUTINATION-INHIBITION TEST

1. Time of coliection, storage, and preparation of serum for test The
fiest spectmen of serum should be collected as soon as possible after onset
of fever, and the second specimen 7 days after onset of fever. The serum
obtained and separated under aseptic conditions can be stored m an
ordinary refrigerator and shipped without refrigeration. The specific
antibody 15 separated from the norma) inhibitor present in all sera by
precipitation with acetone in the following manner:

(1) To 02 ml of serum n a graduated centrifuge tube add 08 ml of 09 per
cent solution of NaCl, miz, and beat at 56 C. for 30 munutes

12y Add12 m) of acetone at room temperature, stopper with stenle cork, shake,
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centrifuge for 1 minute at about 2,000 r pm Decant supernatant kquid, add 12 ml
af fresh acetone, resuspend precipitate with wooden apphicator stick, shake tube, and
centrifuge at 2,000 rpm for § minutes Decant supernatant liquid, spread precipitate
. over lower portion of tube by means of an applicator stick, and leave tubes open at
37° C or room temperature unti fesidual acetone has evaporated and precipitates
appeat dry
(3) Add 1.8 mt of 002 M phosphate buffer, pHl 77, and dissohe precipitate
with aid of apphicator stick Add additional buffer to final volume of 2 m! and after
appears dussolved, fuge at 2,000 rpm for 3 to § minutes
to remove any insoluble residue The supernatant hquid is used in the test and is
regarded as the 1 10 dilution of serum

2 Preparation, titration, and storage of hemagglutinins. Hemagglu-
tinins for chick erythrocytes can be recovered from the brains of suckling
mice infected with either Type 1 or Type 2 dengue viruses by extraction
with M/64 borate-KCl buffer, pH 9, 1n saline.®13 The optimum condi-
tions for reaction with the erythrocytes and stability at certain pH and
temperature ranges vary with the type of virus and the number of pas-
sages it has had in mice. Although hemagglutinins of high potency (titers
of 1.2,560 or higher), reacting at both 23° C. and 4° C., were derived
from both the 7th and 118th mouse passages of the Hawaiiar strain, the
PH zone for reaction was broader for the 118th passage material, particu-
larly at 4° C Freshly prepared hemagglutinin derived from the 19th
mouse passage of the New Guinea “C” strain gave no reaction at pH 6 5—
6.9 at 23° C., which is optimum for the hemagglutinin derived from either
the 7th or the 118th mouse passage of the Hawaiian strain, but yielded
titers of at least 1:640 at pH 6.7 at 4° C Dengue antisera devoid of neu-
tralizing antibody for the heterotypic virus contained high titers of
heterotypic h ion-inhibition antibody, Preliminary incuba-
tion of the hemagglutinin-antibody mixtures at pH 7.7 for 2 hours at
23° C to 25° C was necessary for the demonstration of maximum titers
of antibody.

a. Preparation of hemagglutinins

(1) Viruses used Type 1. Hawaitan strain, mouse passage 117.
Type 2. New Guinea “C,” mouse passage 18

(2) Mice used. 3- to 5-day-old Swiss mice left with mothers.

(3) Inoculum 001 ml of 10 per cent centrifuged suspension of virus
intracerebrally.

(4) Procedure When the majority of mice show CNS signs (5 days
after inoculation for both viruses), all are killed by chloroform, and the
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brams are harvested 1 the following manner (@) dip mice in 5 per cent
phenol or other antiseptic solution, bleed out by cutting heatt through
chest wall and draining on absorbent cotton; (5) decapitate and squeeze
brain into petri dish with the aid of a flat tissue forceps The weighed
brain tissue is ground to a 20 per cent suspension with an abrasive (alun-
dum) m a mortar (a motor-drven blender 1s not used because some
hemagglutinins are destroyed by the agitation).
The fuid used for suspension 13 M/64 KCl-borate, pH 9, in salme (this buffer
15 prepared from 2 stock solations (1) stock solution of 12404 gm of bornic acid,
CFP,and 14912 gm of KClin 1,000 ml of distilled water, and (2) 02 M NaOH in
distilled water To 563 mat of 09 per cent solution of NaCladd 50 ml of borate stock
solution and 23 ml of 0.2 M NaQH) Centniuge in cold room or 1n refrigerated
centnfuge at an average G of about 7,000 to 10,000 for 1 hour—10000 rpm In
Spinco LH, rotor 30, ot 13,000 Tp m 1 Sorvall Model §5-1 The supernatant hauid
15 rema ed, merthiolate 1s added to a final concentration of 1 10,000, and the prepa-
Tation 1 stored at 4° €
The average yield from 100 suckhng mice is about 75 ml In an alter-
nate method of preparation described by Casals and Brown,'® the brains
are first submitted to a series of extractions 1n ethy) ether and acetone to
remove normal inhubitor, ang the suspension is then made in ordinary
saline and centrifuged as described above
b. Titration of hemagglutinin. The reagents needed are chick erythro-
cytes and 002 M phosphate bufiers in saline ranging in pH irom 34 to
78 One- to 2-day-old White Rock chicks (other breeds should be tested
before use with hemagglutinin of known titer) are chloroformed, de-
capitated, and the blood 1s allowed to fall into Alsever’s solution (dex-
trose—2 05 gm, sodium aitrate—0Q 8 gm, citric acid—0 0535 gm, and
NaCl—042 gm per 100 ml of distilled water, autoclave at 10 Ibs for
10 minutes) About 1 mi of blood 1s obtained from each chick, 1t is col-
lected in a flask contaning 1 mi of Alsever's solution for each thick that
one expects to bleed, e g, 25 m! of solution for 25 chicks Alter a)l chicks
have been bled, the mitture is filtered through several layers of gauze,
and enough Alsever’s solution is added to provide 4 volumes of solution
for each volume of blood This is stored at 4° C and 1s good for 1 weck.
The cells are washed 1n saline 3 times prior to preparation of a 10 per
cent suspension 1 sahme, which can be kept in the refrigerator for 2 days
The 0 25 per cent cell suspension used in the test 1s prepared directly
before use,
Since the alkaline extract representing the 20 per cent suspension
{or 1.5 dilution of brain tissue) which 1s stored in the relngerator, has
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a pH about 8.0, 1t 15 necessary to use the following scheme to obtain the
desired pH in the 1-20 dilution:

Add 025 mt of 20 per Add 025 ml. of 20 per
[214 cent extract in borate pH cent extract in borate
desiredm buffer to 075 ml of 002 desiredn buffer to 0 75 ml. of 002
firsttubeor M phosphate buffer of firsttubeor M phosphate buffer of
1 20 ditution indicated pH 1 20 dilution inducated pE
61 54 70 63
62 57 71 69
63 59 72 10
64 61 73 71
65 63 T4 22
66 64 kA3 73
67 6S 76 74
6.3 66 7.7 %
69 67 78 77

Chilled buffers of the desired pH are placed in 05 ml amounts in
Wassermann tubes or plastic plates (the depressions must be absolutely
smooth) which have been chilled for at least 20 minutes, 0 25 m! of the
20 per cent hemagglutinin 1s added to 0 75 ml. of buffer in the first tube
or depression in the plastic plate according to the scheme indicated above
and 2-fold dilutions are made by transferring 0 5 ml. amounts by means
of an automatic pipette from tube to tube or depression to depressi?n
One tube or depression contaning 1 ml. of the buffer does not receive
hemagglutinin and serves as a control 05 ml of the 0.25 per cent sus-
penston of chick erythrocytes in saline is then added to each tube or
depression, and the racks or plates are placed at 4° C. for 90 minu!es‘
A preltminary observation is made at 45 minutes to check on “slipping”
patterns, but the last tube showing an approximately 50 per cent of 1+
agglutination pattern at 90 minutes is taken as the end pont for r;s]cu‘h-
tion of the number of units to be used in the hemagglutination-nhibition
test When a 1+ reaction is not observed, the approximate 50 per c'enl
end point is regarded as being mudway between the last dilution showing
a zero or == reaction and the one showing a complete shield of hemag-
glutination.

The Hawatian strain (Type 1) yields a hemagglutinin with 2 titer of
about 10,240 at 4° C at the optimum pH of 6 7, and reactions of vary-
n m the pH range of 6 2to 7 5 At room temperature the

1ng titer are seel y
1s0 6 7, but the titer is 4-fold less. The 20 per cent extrac

optimum pH is &
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in borate-KCl buffer is stable for 4 months at 4° C. 1t can be preserved
1n sealed ampules 1 a box containing sohd CO; but should not be re-
frozen after the first thawing because there is progressive loss of activity
on repeated freezing and thawing The hemagglutinin is very unstable at
PH 6.7, which is optimum for its reaction with the chick erythrocytes

“The New Guinea “C” strain (Type 2) yields a hemagglutinin which
shortly after preparation 1s demonstrable only at 4° C. in the narrow pH
range of 6 5~6 7, with maximum titers at pH 6 6 and 6 7 The pH range
widens with increasing storage 1n the refrigerator and the titer increases
4-fold or more, hemagglutination also occurs at room temperature This
hemagglutinin should, therefare, be allowed to “age” at 4° C until it
reaches maximum titers before it is used for hemagglutination-inhibition
tests or is frozen Stability on storage 15 about the same as for the Hawai-
1an strain

3. Procedure for it inkibution test A dupl titra-
ti1on of the hemagglutinin at pH 6.7 and 4° C. is performed on the day
the test 1s set up, and the dilution required to yield 16 units per 025 ml,
is calculated. Thus dilution is prepared in 0 02 M phosphate saline buffer,
pH 77, after all serum dilutions have been prepared, because at this pH
both hemagglutisins ate stable at room temperature for at least 2 hours.
‘To prepare the serum dilutions, O 25 mi, of the pH 7.7 phosphate buffer
is distributed 1n a series of tubes or plastic plate depressions The first
tube of the series receives no buffer since it is reserved for 0.25 ml, of the
dissolved acetone precipitate reptesenting the 1:10 dilution of serum,
0.25 m} of this solution is also added to the second tube of the senes to
yield a 1,20 dilution, and further serial, 2-fold dilutions are prepated by
transferring 025 m] amounts, preferably with an automatic pipette,

The last tube of the series contams 0 25 ml of buffer and 0 25 mi of the
dissolsed acetone precipitate but no hemagglutinn, it serves as a serum
control tube All the other tubes receive 0 25 ml. of the diluted hemag-
glutinin containing 16 units, and the muxtures ate incubated at room
temperature for 2 hours before addition of the chick erythrocytes The
025 per cent suspension of chick cells to be added to these tubes is pre-
pared in 0.02 M phosphate saline bufler, pHl 5 6. When 0.5 ml of this
suspension is added to the mixtures at pH 7.7, the final pH is 6.7, which
is optimum for hemagglutination. The tubes or plastic plates are then
transferred to a refrigerator at 4° C. The patterns are checked at 30 to 45
nunutes for evidence of “shpping” in tubes containing the lower dilutions
of serum, and the final reading is made at 90 minutes. The last tube
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showing no hemagglutination or less than a 50 per cent pattern is taken
as the end point of inhibitton The diluted hemagglutinin at pH 7.7,
which remained at room temperature during the 2-hour period of incu-
bation, is again titrated in duplicate to make certain that 16 units of
hemagglutinin were still present at the end of this period.

Peak homotypic hemagglutination-inhibition titers vs. 16 units of
hemaggtutinin are usually 1:320 or higher, If titers of this magnitude
are not achieved within 7 days after onset of fever, it is advisable to
repeat the tests on a serum specimen obtained 2 or 3 weeks after onset.
If the inhibition titers for both types of hemagglutinin are about equal
and remain at 1 80 or less, it may be necessary to consider the possibility
that infection was caused either by a hitherto unrecognized immunologic
type of dengue virus or by some other virus that is antigenically related
to dengue. The hemagglutination-inhibition test has been used success-
fully for serologic survey purposes on sera from Malaya and Borneo, and
the different titers obtained with the Type 1 and Type 2 hemagglutinins
permitted the conclusion that the Type | virus was prevalent in those
regions.1

B CoyrrLemeNT Frxation TEST

1. Time of collection, storage, and preparation of serum for lest.
Smce the C-F antibody appears later than the H-I antibody, the second
serum specimen should be coltected 3 weehs after onset of fever. This
test may have spectal usefulness in patients from whom no serum speci-
men was obtained during the first week after onset of fever, because it
would be possible to demonstrate development of antibody or rising
antibody titer between specimens obtained shortly after defervescence
and 3 weeks after onset of fever Serum specimens which are not stored
in the frozen state often become I y and, therefore, un-
surtable for use Sera are heated at 60° C. for 20 minutes immediately
before the test.

2. Preparation of antigen Suckling mice are inoculated as for prepa-
ration of hemagglutinin, and their brains are harvested in the same
manner. The antigens should be either benzene-extracted (ie, 2O per
cent suspension in distilled water 15 lyophilized and extracted with ben-
zene) or prepared by the method of Casals, using ether and acetofnc on
frozen brains which are not lyophilized Some form of lipid extraction i
necessary to avoid nonspecific reacttons, which are particulatly common
with syphiitic sera The antigen 15 standardized agast 16 umts of
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showing no hemagglutination or less than a 50 per cent pattern is taken
as the end point of inhibition. The diluted hemagglutinin at pH 7.7,
which remained at room temperature during the 2-hour penod of incu-
bation, is again titrated in duplicate to make certain that 16 units of
hemagglutinin were still present at the end of this period.

Peak homoty pic hemagglutination-inhibition titers vs. 16 units of
hemagglutinin are usually 1:320 or higher, If titers of this magnitude
are not achieved within 7 days after onset of fever, it is advisable to
repeat the tests on a serum specimen obtained 2 or 3 weeks alter onset.
1f the mhibition titers for both types of hemagglutinin are about equal
and remain at 1+ 80 or less, 1t may be necessary to consider the possibility
that infection was caused either by a hitherto unrecognized immunologic
type of dengue virus or by some other virus that is antigenically related
to dengue The hemagglutination-inhibition test has been used success-
fully for serologic survey purposes on sera from Malaya and Borneo, and
the different titers obtained with the Type ! and Type 2 hemagglutinins
permitted the conclusion that the Type 1 virus was prevalent in those
regions.!*

B. CoarpLEMENT Fryatton TEST

1. Time of collection, storage, and preparation of serum for test.
Since the C-F antibody appears later than the H-I antibody, the second
serum specimen should be collected 3 weeks aiter onset of fever This
test may have special usefulness in patients from whom no serum speci-
men was obtained during the first week after onset of fever, because it
would be possible to demonstrate development of antibody or rising
antibody titer between specimens obtained shortly after defervescence
and 3 weeks alter onset of fever, Serum specimens which are not stored
in the frozen state often become anti y and, therefore, un-
suitable for use Sera are heated at 60° C. for 20 minutes immediately
before the test,

2. Preparation of antigen. Suckling mice are moculated as for prepa-
ration of hemagglutinin, and their brains are harvested wn the same
manner. The antigens should be either benzene-extracted (ie., 20 per
cent suspension in distilled water is Jyophilized and extracted with ben-
zene) or prepared by the method of Casals, using ether and acem{le o.n
frozen brains which are not lyopluilized Some form of lipid extraction 3s
necessary to avoid nonspecific reactions, which are particularly mx.nmon
with syphihtic sera The antigen 15 standardized against 16 units of
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1 INTRODUCTION

PHLEBDTOMUS {pappatact or sandfly) fever s an wiections, phlehot-

umus-transmitted disease of virus etilogy charactenized, as a tule,
by fever of 2 to 4 days’ duratan, severe beadacke, pan ta the eyes, gen-
erabized malase, and feahopenta The disease is self-bmsted and without
fatalines ‘The only prosed vector 1s Phlebotomus papatass, and mos-
quitoes (Aedes acgypts and Culer pepions) have been found incapable
of transmutting the virus under optimum esperimental condstions Out-
hreabs of phichatamus fever are suspected, therefore, whenetes an aliness
having the characteristics menhioned ahove oreurs, espeaially among
imigeants, tourists, or farcign troops m cauntnes harborng the vector
and durwg the hot, dry season (Apni ta October) when the vector 15
most fikely to be prevalent

‘The ttaus 15 present o the blood dunng the fiest 24 Sours of the fever
but the maximum ameent found i the serem thus far 15 only 1000
human infective doses pes m) The virus has been preserved in dry ice ar
w the Tyophilized state for approximately ¢ years The disease \s readily
reproduced in susceptible human beings when the serum is wnjected mtra-

or mirarenously but only ly when ot wyected

ubcutaneansly of intramusculatly. Serum, infectise for human beings,
has been found to be without effect in a large variety of anmmals. The
virus 1 human serum has been found to pass 200 mu gradocol membranes
but nat membranes with an avesage pore diameter of 100 myp or less The
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Intracerebral injection of the highly pathogenic, mouse-adapted
sandfly fever virus produced neither clinical signs of disease nor lesions
in 10 rhesus monkeys, young rabbits, guinea pigs, and hamsters Inap-
parent infection may have occurred, however, because they developed
antibody Three human subjects were inoculated with the 10th mouse
passage virus and 3 with the 20th mouse passage None became ill, but
neutrahzing antibod:es were found in their blood 3 weeks after inocula-
tion, Six weehs after inoculation of the mouse-adapted virus, the 6 per-
sons were fested for active ymmunity by an intravenous injection of
unmodified human sandfly fever virus All 6 were found to be tmmune,
while 2 other persons who served as controls developed typical sandfly
fever

Recently, the Naples strain of virus, described above, bas also been
adapted to 2- to 4-day-old mice, At the 35th passage it became regularly
pathogenic for adult mice The 1dentity of the mouse-adapted virus was

y tests with \ sera denved from
persons eapermmentally infected with the human virus, Neutralization
1ests 1 suchling mice have confirmed the results of the cross-mmunity
tests in human volunteers by tndicating that the Naples virus is immuno-
logacally dufferent from the Sicalian strain

II METHODS OF ISOLATION AND IDENTIFICATION
OF THE VIRUS

No methods of 1solation are suitable for routtne dizgnostic purposes.
To obtamn a human straw of virus for research purposes, blood is drawn
from suspected cases, not later than 24 hours after onset, and the serum
15 stored on dry ice until the clinical course of the disease in the human
donors 1s found to be compatible with a diagnosis of phlebotomus fever,
and tests m adult mice, guinea pigs, and rabbits indicate the absence of
an infectioys agent pathogemc for these animals The serum should then
be injected intracutaneously or infravenously 1n doses of 1 to 2 ml. 1n
human volunteers A stran of virus may be considered to have been
recovered when a febnile illness of 1 to 4 days’ duration (rarely longer)
associated with leukopenia but without rash is reproduced after an 1ncu-
bation peniod usually of 3 to 7 days {may be 40 hours after mtray enous
injection} and further passage is possible Absolute identification of the
transmissible, filtrable agent may not be pess\ble without the demon-
stration that it can be by P, papatasis, especiall,
1f the agent proves to be iunmunologically distinct from available proved
strains of the virus Thus, cross-immunity tests n carefully selected
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size of the virus was, therefore, estimated as being nof lorger than 40 to
60 mg, although it was thought that it might be smaller, A strain of virus
recovered during an outbreak of the disease among American troops in
Naples, Italy, has been found to be immunclogically different from 2
strains of sirus recovered the preceding year during outbreaks in Sicily
and the Middle East. It has been established that immunity to infection
with homologous stramns of virus can be of long duration Iollowing 2
single experimental attack of the disease, the longest period tested thus
far being 2 years, Tests for neutralizing antibody carried out jn human
volunteers have yielded irregular results, suggestive evidence of neutral-
1zation having been obtained only when small amounts of virus were
used.
The Sicilian strain of virus in the form of human serum, after 9 years
of storage in the frozen state, was successfully adapted to the brains of
newborn mice Three blind passages at 7-day intervals yielded a virus
which produced halitis in 2- to 4-day-old mice after an incubati
period of 11 to 12 days. At this stage the virus produced lesions pre-
d in the hypothal. and midbrain, but none in the muscles,
fat, pancreas, or other viscera, On continued intracerebral passage in
newbom mice the incubation pesiod gradually shortened, the level of
multiplication gradually rose, and after the 10th passage the virus began
to kill adult as well as newborn mice, By the 25th passage in the brains
of newborn mice the virus had achieved a titer of 10-7 (per 003 m} ) by
intracerebral injection in approximately 4-week-old mice. By gradocol
membrane filtration this mouse-adapted virus was found to have a size
in the range of 17 to 25 ma.

The mouse-adapted viruses are best preserved as suspensions of brain
in heated rabbit serum frozen wm chests containing solid CO:.

The identity of this highly potent mouse-adapted virus with the
etiologic agent of Sicihian sandfly fever was proved by the fact that
patients who had no neutralizing antibody for this virus during the acute
phase of therr illness, resulting from inoculation with sera brought back
from Sicily in 1943, developed such antibody during convalescence
Neutralizing antibodies for this virus were also found i other subjects,
4 to 5 months and even § years after a single experimental infection with
human sandfly fever virus Persons moculated with dengue virus de-
veloped no antibody for the mouse-adapted sandfly fever vivms. The
sandfly fever virus was found to be dlffere'nt fror.n the dengue, West Nﬂ;,
Japanese B, St Louss, and yellow fever viruses in that it regularly Kall
“pRI” mice, which are genetically resistant to these other viruses
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human volunteers when positive can help to identify the unknown virus,
but lack of cross-immunity does not signify that the virus may not belong
to the phlebotomus fever group.

To recover a strain of virus in mice, it is necessary to inoculate 2- to
4-day-old mice intracerebrally with 001 ml. of undiluted serum. Seven
to 10 days later, 5 mice are sacrificed, and a suspension of their brans
is again passaged intracerebrally in suckling mice. Four to § blind pas-
sages may have to be carried out before an agent capable of producing a
fatal encephalitis can be recovered If the recovered agent fails to pro-
duce clinical manifestations of infection in adult mice, its identity with
either the Sicthan or Naples type of the virus can be established by neu-
tralization tests with specific antisera. Since the total number of distinct
immunologic types of virus is as yet unknown, negative results in neutral-
1zation tests with known sera would not eliminate the possibility that
the recovered agent is a new type of phlebotomus fever virus.

An indirect way of demonstrating the presence of virus in human
serum consists of lating 2- to 4-day-old mice brally with
0.01 ml. of serum, and 4 weeks later challenging them with 100 LDgo
of thoroughly adapted virus which 1s virulent for weaned mice. A negative
result in this test merely means that the serum contained less than 100
infective doses per ml , and even expenmentally inoculated persons, bled
within 24 hours after onset of first fever, may have less than this amaunt
of virus in their serum

III. SEROLOGIC PROCEDURES FOR DIAGNOSIS

Patients develop neutralizing antibodies for the homotypic virus
within 2 weeks after onset of fever, Tests for antibody in acute and con-
valescent phase sera with the established mouse-adapted viruses can,
therefore, be used to establish the presence or absence of infection with
the known types of phlebotomus fever virus. Work is in progress on

! fixation and } lutination-inhibition tests

IV. REFERENCES
1. Sab .
2 Sab

”

h ot o e o e e
3. Sabim A B Recent Advances 1 Our Rnowledge of Dengue and Sandfly Fever. Am.
3 Trop Med, 4 108207, 1955
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A. CrLiNICAL MANIFESTATIONS

Laboratory diagnos:s 1s likely ta be requested when the infection
takes the form of an acute, influenza-lihe malaise differing from the
more common bacterial pneumonsas, The course of the untreated chical
disease is as follows

The incubation time is usually from 7 fo 25 days after first contact
with the agent After some vague symptoms, the acute stage begins with
general malaise, headache, and fever, succeeded by chills, vomiting,
severe headache, and lumbar pamns It progresses to restlessness, m-
somnia, delirium, typhoidal state, with nonpraductive cough and con-
stipation The temperature nises rapidly and remains high until lysis
during the 2d or 3d week. The pulse is relatively slow, an outstanding
feature of the disease In late stages of fatal infections the pulse is alter-
nately rapid and feeble, cyanosis and low blood pressure may be marked.
‘The spleen may or may not be enlarged.

The physical signs of pulmonary involvement develop slowly and
are mugratory Parenchymatous consolidation begins early and affects
sharply defined, wregular portions of the lobes, the lower lobe of the
left lung frequently shows the primary roentgen shadows Despite ex-
tensive pulmonary involvement, sputum {s scanty, mucoid, and very
rarely rusty or blood-tinged

hitis, phlebitis, thrombosis, or diarrhea may com-
plicate the mfection In some cases rose spats appear on the skin

1i the patient recovers, convalescence takes weeks, is tedious, and is.
often by relapse d with small doses of
drugs administered for less than 10 days is frequently followed by senous
relapses In fulnunating infection the patient dies between the 10th and
the 18th day of sllness,

Any rapidly fatal toxemia with pneumonius, particularly in persons
mote than 50 years old, deserves careful diagnostic efforts 1o reveal the
psittacosis agent.

The chinical picture is not sufficiently pathognomonue to allow diag-
nosis, particularly if the discase has been treated. Nor do physical and
roentgenographic examinations of the lung provide unequivocal results.
The attending phy sician must study the iliness meticulously—clinically,
\ ', togically, and epidemiologicall
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4 Mouseinoculation
a. Intranasalinstillation
b Intrapentoncal injection
¢. Intracranial tnjection
S Embryonated chicken egg
. 2 Yolk sac inoculation
b Chorioallantoic membrane wnoculation
¢ Allantoic inoculation
6. Guinea pig snoculation
7. Microscopic study
a Stainng methods
(1) Macchiavello's stain
(2) Castaneda’sstan
(3) Giemsa's stain
(a) Giemea's stock staining solution
(b) Buffered water solution according to Wilcoz
and Logan.
b Staning of sections
(1) Polychromatic Giemsa stan
{2) Noble's stain
8. Significance of the results
9 Further identification of the 1solated strains
a Patbogeniaty tests
b. Sensithvaty to sulfonamides
c. Cross-immunity tests
d Toxn viral imfectivity neutsalization tests
(1) Preparations of toxic SUspensions
(2) Diluent
E Other Diagnostic Tests
1 Micro-agglutination test
2. Sln sensitivity tests

111, ReFERENCES

I. INTRODUCTION

SITTACOSTS and ornithosis in man are respiratory diseases acquired by
Pmmac& with a wide variety of birds, The idea that the classical
form is an acute, severe, often fatal pneumonitis is being displaced by
the knowledge that it is more often a subclinical disease resembling an
atypical common cold. Man may acquire the infection through aer'nal
convection (by such means as dust from soiled feathers and from qncd
droppings), or through contact with dead or sick birds or human beings.
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the United States is the parakeet. The question of whether certain strains
have become adapted to man 1s still open. Recently another group of
strains, morphologically and serologically related to the psittacosis
agents, has beex isolated from the cat,%® the mouse,”® the calf,’*!! the
opossum,12 and the sheep.}®™* There 15 serologic evidence that some of
these mammalian strams infect exposed occupational groups—slaughter-
ers, veterinarians, and stochowners

D Tue AGENT

The bacterium-like agents are spherical elementary bodies, 280 to
380 pin diameter They have been called Microbacterium multijorme,
Rickettsia psittaci, Levinthal-Cole-Lillie (L CL ) bodes, and Msyaga-
wanella psittacs, but a properly descriptive term has not yet been
adopted 18 They stan purple with Giemsa, red with Macchiavello, or
deep blue with Castaneda stam and are made visible through dark-field,
ultraviolet, phase contrast, or ¢lectron microscopy. In smears from in-
fected fungs, meninges, spleen, or pentoneal exudate, they form intra-
cellular vesicles or extracellular aggregates 2 to 12 u1n diameter, scattered
throughout the smear, They 1nvade and ultimately destroy cells of the
reticulo-endothelial system In man elementary bodies of diagnostic sig-
mficance are rarely seen in the blood or sputum but may be wvisible
sections of the lung, spleen, or Liver removed at autopsy In birds they
are found in the air sacs and pericardial and pentoneal exudates

E Lasoratory Diacnosts

Following are the minimal criteria essential for proof that a given
case of pneumonitis, in any of its various gradatiens, is caused by a
psittacosis-like agent*

1. D af the f fixing antibodi
1 low tter dunng the acute phase of the illness or of a significant rise in
uter of antibodies dunng the period of recovery It is imperative to em-

phasize that early, intensive with tetracychine may
defer or completely suppress the of specific compl fixing
antibodies

2, Isolation of the agent during the acute phase of the disease, the
convalescent period, or at autopsy.
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B. Paruorocic Lesions

Inman the changes observed at autopsy are those of septicemia, with
sharply defined arcas of inflammation in the lungs, pharynx, larynx, and
trachea, accompanied by an edematous reactton in the hilar lymph nodes,
and cellular changes in the spleen, hiver, and kidneys. The extent of lung
involvement will depend on the stage of the illness at which death oc-
curs, Some of the alveoli in the areas of consolidation are filled with
fibrin, erythrocytes, lymphocytes, and a few polymorphonuclear leulo-
cytes, 1n others the congestion and edema are replaced by desquamated
or partially d d alveolar epithehal cells and pl The
bronchioles are clear or contain the same scrocellular exudate as the
alveoli. The mucosa of the large bronchx may be completely desqunm:xlcd,

favoring the dary Y com-
mon when patients die 20 to 30 days afler onset.}:3 In the liver, slightly
enlarged and 1, there 15 p hymatous d ion; central

or centrolobular focal neerotic areas are the characteristic microscopic
lesions. The spleen may weigh as much as 560 gm.; it is soft and con-
gested, The usual structural changes of an enlarged spleen are engorged
sinuses filled with phagocytic cells and relatively small follicles.

The pathologic lesions in different kinds of birds dead of acute psitta-
cosis are much alike: The pectoral muscles are wasted, and in some there
is an erythematous rash and scattered macules. There are a serous puru-
lent exudate coating the air sacs, pericardial serofibrinous exudate, and
plastic deposits over the capsule of the liver. As a rule the spleen is en-
larged, soft, and dark red. A swallen, engorged, and sometimes a saffron-
colored, heavy liver may be studded with areas of necrosis and infarction
Only rarely will lesions be found in the tungs. Chronic latent avian
pstttacosis is not apparent at autopsy, except for some enlargement of
the spleen.?-4

‘The mammalian strains provoke a wide \anely of cellular re<ponses
and are destructive to 1 1, pericardial, peril or
central nervous system tissue, These are described in the articles on the
isolation of these strains.® 14

C. SouUrces

¢

P
ducks, egrets, and turkeys. The principal source of human infectton in
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the United States is the parakeet. The question of whether certain straing
have become adapted to man 1s still open. Recently another group of
strains, morphologically and serologically related to the psittacosis
agents, has been 1solated from the cat,58 the mouse,’ * the calf, 1013 the
opossum,!? and the sheep 1334 There is serologic evidence that some of
these mammalian strains infect exposed occupational groups—slaughter-
ers, setennarians, and stochowners

D. Tue AGENT

The bacterium-hike agents are sphencal elementary bodies, 280 to
380 pn diameter They have been called Microbacterium multiforme,
Ruckettsia psittaci, Levinthal-Cole-Lillie (L C.L ) bodies, and Msyaga-
wanella pssttacs, but a properly descriptive term has pot yet been
adopted® They stam purple with Giemsa, ted with Macchiavello, or
deep blue with Castaneda stain and are made visible through dark-field,
ltraviplet, phase contrast, or electron microscopy In smeats from -
fected lungs, menmnges, spleen, or penitoneal exudate, they form intra-
cellular vesicles or extraceliular aggregates 2 to 12 y o diameter, scattered
throughout the smear, They invade and ultimately desttoy cells of the
reticulo-endothelial system In man elementary bodies of diagnostie sig-
nificance are rarely seen in the blood or sputum but may be visible in
sections of the lung, spleen, or lver removed at autopsy In birds they
are found an the air sacs and pericardial and pentoneal exudates

E LanoratoRY DiacNosis
Following are the minimal cntenia essential for proof that a given

case of pneumonitis, 1n any of its vanious gradations, 1s caused by a
psittacosis-hike agent

I jon of the of fixing

m low titer during the acute phase of the llness or of a sigmificant rise in
tater of antibodies duning the period of tecovery. It 1s iperative to em-

phasize that early, intensive with tetracycline may
defer or suppress the apy of specific compl fixing
antibodies

2 Tsolation of the agent during the acute phase of the disease, the
convalescent penod, or at autopsy.
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B. Paruorocic Lisions

In man the changes observed at autopsy are those of septicemia, with
sharply defined arcas of inflammation in the lungs, pharynx, larynx, and
trachea, accompanied by an edematous reaction in the hilar lymph nodes,
and cellular changes in the spleen, liver, and kidneys. The extent of lung
involvement will depend on the stage of the illness at which death oc-
curs. Some of the alveoli in the areas of consolidation are filled with
fibrin, erythrocytes, lymphocytes, and a few polymorphonuclear leubo-
cytes, in others the congestion and edema are replaced by desquamated
or partially degenerated alveolar epithelial cells and macrophages. The
bronchioles are clear or contain the same serocellular exudate as the
alveoli. The mucosa of the large bmnclu may be compl:tely desquamated,
favoning the secondary supp v lications com-
mon when patients die 20 to 30 days after onset.:? In the liver, slightly
enlarged and congested, there is parenchymatous degeneration; central
or centrolobular focal necrotic areas are the charactetistic oricroscopic
lesions, The spleen may weigh as much as 560 gm.; it is soft and con-
gested. The usual structural changes of an enlarged spleen are engorged
sinuses filled with phagocytic cells and relatively small follicles.

The pathologic lesions in different Linds of birds dead of acute psitta-
cosis are much alike, The pectoral muscles are wasted, and in some there
iz an erythematous rash and scattered macules. There are a serous puru-
lent exudate coating the air sacs, pericardial serofibrinous exudate, and
plastic deposits over the capsule of the liver. As a rule the spleen is en-
larged, soft, and dark red. A swollen, engorged, and somettmes a saffron-
colored, heavy liver may be studded with areas of necrosis and infarction

Only rarely will lesions be found in the lungs. Chronic latent avian
psittacosis is not apparent at autopsy, except for some enlargement of
the spleen.?*

‘The mammalian strains provoke a wide vanety of cellular responses
and are destructive to p Y, 1, or
central nervous system hssue ‘These are descnbed in the amcles on the

isolation of these strains.51¢
C. Sources

The agent of psittacosis or ornithosis has been found in 72 species
of birds,? including psittacine birds, particularly parakeets, panama par-
rots, canaries, finches, Dinnets, fulmars, sea gulls, pigeons, doves, chickens,
ducks, egrets, and turkeys. The principal source of human infection 1
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duced 1n natural i Exp i incites elabora-
tion of additional specific toxin- and nfection-neutralizing antibodies
in readidly demonstrable quantities The heat-stabile and heat-labile
antigens can be detected by complement fixation tests and differentiated
by absorption,

At present the direct complement fixation test of at least two serum
samples, one collected during the acute and one during the convalescent
phase, is the means of making the earliest possible serologic diagnosis
of human infections by a member of the psittacosis group It 1s also use-
ful 1n surveying flocks of pigeons and shipments of imported psittacine
birds Since the serum of latently tnfected birds fixes complement, this
test 15 the best tool for quickly detecting possible sources of infection

The test was developed by Bedson and s colleagues®? 2! and has
been extensively apphed at the Hooper Foundation ** The sera of man,
guinea pigs, psittacine birds, pigeons, doves, monkeys, sheep, cattle,
and probably other animals wnfected with these agents fix complement
i the presence of their common antigen The preparation of ade-
quate antigens swtable for the test has been difficult Antigens
prepared from cuitures grown on Rivers-Li medium or Zinsser’s solid
medium,2® and from allantoic fluid from infected fertile eggs, yolk sac or
mouse lung by centrifugation and boiing * or by treatment with phenol
have all been used Heating or addition of phenol, or both, destroys all but
the group antigen The technical procedutes are now standardized to the
use of boiled and phenol-treated yolk sac antigens Such an anfigen pro-
vides 4 group reaction, not a specific strain reaction Recent observations
wndicate that some sera derved from infected parahgets, pigeons, and
other avian species may not fix complement in the presence of crude or
even purified yolk sac antigens By substituting antigens prepared from
mouse lungs, the appropriate reactions may be obtained 1n the direct test
The general pattern of reaction by bird sera m the complement fixation
system 15 variable and must be evaluated with different ant:gens and 1n
the direct and ndirect test 242

1t is possible, by absorbing a psittacosis serum with the group anti-
gen, to remove the group antibody and to leave the specific one (p 410)
A complement fixation fest then made with the absorbed serum and fresh
untreated viral agents possessing the specific labile antigen :n a reactive
state becomes speaific, 2nd a certain distinction between a psittacosis

and 1y mphogranuloma venereum 2gent can be made.25 The preparation
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II. ROUTINE LABORATORY PROCEDURES

A. PRECAUTIONS

Speci 1

of ining the agent of psi is must be
regarded as highly pathogemic and dang . The extreme infecti

of these agents for man does not recommend the examination of such
material in the average public health or clinical laboratory. Well-trained,
experienced workers have contracted psittacosis, even when working in
specially equipped laboratories under carefully controlled conditions.

The scattenng of infected matenal through desiecated fecal droppings adbering
10 the down and feather particles of psittacosis-infected birds Is especially dangerous
The manipulations required 1n preparing anligens for scrologic tests are equally so,
particularly the pipetting and centnfuging of suspensions of viral elements; a
special, 1solated laboratory room should be reseried for these practices, All manipu-
lations should be conducted under a hood 1n which the air is treated with ultra-
aolet lamps or fs suitably exhausted The hberal use of aerosols, such as propylene
glycol, 10 the rooms 1s recommended. Technicians should w ear special gowas, rubber
gloves, switable masks, and head covers to protect thewr hair, After use, all clothng
should be placed in a cloth contalner and immersed 1n hot, strong soap solution, of
steamed The worker should wash his hands and face 1n hot, soapy water or take 2
shower when his work is finished

A separate insect-proof and dust-proof room is essential for housing experi-
mentally infected birds and anumals; the floor of the room should be treated regu-
larly with dust-fixing oils, and the door and window sashes must be sealed with
special plastic material to prevent dust from escaping into halls and adjacent rooms
This room should be restricted to the virologist and one well-indoctrinated ammal
caretaker

Those 1 charge of psittacosts studies should kecp a watchful eye on the health
of the laboratory personnel, bearing 1n mund that those who are treated early and
intensively with eflective antbsotics may become resnfected

B. Direcr CompLEMENT FixarioN TEST
It is important in understanding the basis for this and some of the

other diagnostic tests to know hing of the p

or even to autoclaving at 135° C.,*7 are demonstrable. The labile com-
ponent is destroyed by phenol, hydrochloric acid, or papain.!™'® The
heat-stabile antigen resists proteolytic enzymes, but not potassium
periodate, even at low concentrations; this behavior suggests that this
antigen is a carbohydrate.!” Antibodies to these two antigens are pro-
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on Adherence to Conventional Technic in the Performance of Reliable
Serologic Tests for Syphilis should be followed in the preparation of
sheep blood cells, hemolysin, and complement,

a. Yolk sac antigen. Preparation ol the other types of antigens 1s
described 1n the previous edition, " but since in recent years the yolk sac
antigen has been adopted as a standard antigen in all diagnastic labora-
tonies,3 only the antigens which are i use at the George Willams Hooper
Foundation will be dealt with here.

Inoculate 7-day-old embryonated eggs directly into the yolk sac.
‘The suspension of the adapted psittacosis virus to be used 1s standardized
50 that the majonty of the embryos die betneen the S6th and 72d hour
after inoculation with the 0 25 ml. of the dilution of 10~ This requires a
virus which 1s so adapted that a dilution 107 to 10-° kills the embryos.
Harvest the yolk sac as soon as possible after death of embryos and
examine them for elementary bodies, if rich in virus, pool and weigh.
Grind thoroughly in a mortar with sterile sand and add beef heart broth
pH 7.0 to make a 20 per cent suspension (A Waring blendor presents
risks } Culture for steriity Hold in the refrigerator over a period of 3,
preferably 6, weeks The emulsion 1s then hghtly centnfuged to remove
coarse particles and put in a heavy, stenle pyrex flask, which 15 steamed
m an Arnold stenlizer at 100° C or immersed in boiling water for 30
munutes When cool add to the heated emulsion liquefied phenol to a
concentration of 0 5 per cent Permut the antigen to ripen 1n the refniger-
ator for at least one week If the emulsion 1s kept sterile the antigenicity
will be mamtaimned for at least one year

Improvement in the punfication of yolk sac antigen appears to be
possible in the hght of studies by Nigg, Hilleman, and Bowser?® on
and those of Whitney and

Gnesh 22

Before use in the complement fixation test it is titrated in 2-fold senal
dilutions against a constant amount of human or pigeon serum contain-
1ng known specific antibodies agawst the psittacosis agent In the actual
test at 18 diluted so that 0 25 ml contans 4 complement-fixing units, The
box-titration technics as used by Kolmer are quite satisfactory

3. Pretesting of complement. If one has an unknown antigen and no
titered antigen to use as standard, it is necessary to pretest the comple-
ment before 1t is titrated because the approximate umits of antigen have
to be used in the complement fixation test before the unt of complement
can be determined Make an arbitrary dilution of antigen; 1.4 is a safe
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of suitable specific antigens in adequate amounts for use in the absorp-
tion test, however, is difficult,

One point must be made clear: only an antigen prepared from a
known psittacosis stran should be used. Any antigen, experimental or
commercial, prepared with a lymphogranuloma venereum agent is not

isf: y for the ] is of psittacosis.

Persi of fixing antibodies after recovery from in-
fection, anamnestic reactions, cross reactions with other membets of the
psittacasis group and with the lymphogranuloma venereum agent,
chronic psittacosts infections, or reinfection and effective treatment must
all be considered in interpreting the results of this test

L. Diagnostic materials

a  Human serum. Blood should be collected first on the day that the
patient with symptoms of pneumonitis suggestive of psittacosis is exam-
ined, and thereafter on the 8th, 16th, 30th, and 40th days—that is,
throughout the illness and convalescence ‘The blood sample (10 to 15
ml.) must be collected aseptically from the vein and allowed to clot. If
it is to be shipped any distance, the serum must be removed aseptically
from the clot and sent by air mail 1t should not be frozen.

b. Bird serum. Blood samples of the larger birds (pigeons, patrots,
cochatuos, conures, macaws, doves, turheys, egrets, ducks, or others)
can be obtained easily with a 2 to 5 ml, syringe and a 24-gauge needle
The blood is usually taken from the wing vein. Parakeets may be bled
from the jugular vein or heart To enable an assistant to hold the bud
more easily while the blood is drawn, Amazon parrots, cockatoos, ma-
caws, and other birds of simular size may be put under hght anesthesia™

1f the blood is put into tubes first prepared with a very thin coating
of vaseline or embedding paraffin, evenly applied, the yield of clear serum
will be greater For shipping, carefully withdraw the serum into the pre-
pared tube, cork tghtly, label, and send by air express

¢. Other mammalian serum, Puncturing the jugular vein is the most
satisfactory means of obtaining blood samples from sheep, cattle, or
goats. The radial or saphenous vein is chosen in the dog or cat. The
handling of the blood is the same as described above,

2. Resgents include antigens, proven positive serum, guines pig
compl t, rabbit hemolysins, and sheep blood cells. 'Tilra-

tion of the antigen is preceded by the preparation of the hemolytic sys-
tem and its adjustment. Kolmer’s technic #® approved by the Camm:t!fﬂ
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on Adherence to Conventjonal Technic in the Performance of Reliable
Serologic Tests for Syphilis should be followed in the preparation of
sheep blood cells, hemolysin, and complement.

a. Yolk sac antigen, Preparation of the other types of antigens is
described in the previous edition,?” but since i recent years the yolk sac
antigen has been adopted as a standard antigen 10 all diagnostic labora-
tones,® only the antigens which are 1n use at the George Wilhams Hooper
Foundation will be dealt with here

Inoculate 7-day-old embryonated eggs directly into the yolk sac
The ion of the adapted psi is virus to be used 1s standardized
so that the majonty of the embryos die between the S6th and 72d hour
after inoculation with the 0.25 m} of the dilution of 1074 This requires a
virus which 1s so adapted that a dilution 1078 to 1071° Wlls the embryos
Hanvest the yolk sac as soon as possible after death of embryos and
examine them for elementary bodies, 1f nich in virus, pool and weigh
Grind thoroughly in a mortar with sterile sand and add beef heart broth
pH 7.0 to make a 20 per cent suspension (A Waring blendor presents
risks ) Culture for stertity Hold in the refrigerator over a period of 3,
preferably 6, weeks, The emulsion is then lightly centnfuged to remaove
coarse particles and put in a heavy, sterile pytex flask, which 15 steamed
m an Arnold sterthizer at 100° C or immersed in boiling water for 30
minutes. When cool add to the heated emulsion Lquefied phenol to a
concentration of 0 5 per cent. Permut the antigen to npen 1n the refriger-
ator for at least one week 1f the emulsion 1s kept sterile the antigenicity
‘will be maintained for at least one year,

Impmvemenl i the punfication of yolk sac antigen appears to be
Possxble in the Light of studies by Nigg, Hilleman, and Bowser?® on

\enereum and thnse of Whitney and

Gnesh 2

Before use 1 the complement fixation test 1t 1s titrated 1n 2-fold serial
dilutions aganst a constant amount of human or pigeon serum contain-
ing known specific antibodies agamst the psittacests agent. In the actual
test it 1s diluted so that 0 25 ml contains 4 complement-fixing umits. The
box-titration technics as used by Kolmer are quite satisfactory,

3. Pretestng of complement, 1f one has an unknown antigen and no
titered antigen to use as standard, it is necessary to pretest the comple-
ment before 1t is titrated because the approximate umits of antigen have
10 be used 1 the complement fixation test before the umit of complement.
can be determined Make an arbitrary dilution of antigen; 1:4 is a safe
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dilution because the actual unit is usually high, Sera showing an equal
degree of inhibition of hemolysis in the first 3 tubes carrying antigens
and in the 1ast 3 tubes carrying no antigens may be used but will usually
be found to have a low unit of activity. Any serum showing a greater de-
gree of inhibition of hemolysis in the first 3 tubes carrying antigens than
in the last 3 tubes carrying no antigens should be regarded unsatisfactory
for the test so far as the particular antigen is concerned.

The final complement titration determmes the smallest amount of

pl giving ) parkling hemolysis, This amount is the
exact unt. The next higher tube is the full unit, which contains 0.05 mL
more of complement. For example, if the exact unit is 0.15 ml,, I full unit
1502 ml and 2 full units is 0.4 ml.

It 15 not necessary to repeat the hemolytic and anticomplementary
titrations of a gwven lot of antigen after it has been established, but it1s
desirable to titrate it occasionally for antigenic activity.

4. The test. The procedure is summarized in Table 1.

5. Interpretation, If the results of the complement fixation test are
to be considered at all indicative, their behavior during the course of the
infection must be followed. It is almost impossible to draw sound diag-
nostic conclusions on the basis of a test of one serum specimen. Charac-
teristically the antibody level continues to rise during the acute illness
to a peak dunng i The level gradually declines thereafter,
sometimes over a period of years, depending on the stimulus from per-
sisting organisms The level may nise slightly in the acute stages of other
infectious diseases, but it will decline rather than rise during convales-
cence If the effective antibiotics are given in large quantity early in the
i

= T oTTems T - - - . - -
serologic evidence of psittacosis; the two samples should be tested in the
same test. A titer of 1.16 ++++ or higher in a single serum sample
after the 1st week of illness is highly suggestive. The titer by the 14th
day is usually 1:32 ++-++ or higher. If the titer has reached a high
level by the time the first sample was taken, it may remain at the same
Jevel during convalescence,

A titer of 18 ++++ 1n a single serum sample indicates that the
patient bas had previous expenience with a psittacosis agent and is now
having an anamnestic reaction, that he is now in the eatly stages ot:acute
psittacosis, or that he has lymphogranuloma venereum If there is any
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TABLE 1
TaE AcTUAL COMPLEMENT FIXATION TEST *

Patient’s Com-
plement
Tuocfold | Antigen | (2full
Tube | Dilution, | (4 umsts), | wmts), Cells,
Number| 025wl | ml ml Sabme | ml
1} 12 025 | 05 95
2 | 12 025 | 05 0s 5
3| 18 o5 | o5 | os | &
4 | 116 025 os | o 05 (o
H 132 025 os | 2% os (5% 8
6 164 025 os | 2% 05 w8
7 1128 025 0s £E os (§3 z
8 | 125 | o025 | os | EQ os |2kE

Anticomplementaty Control on Each Serum to be Tested

9 12 0 0s 025 05
10 13 0 05 0125 05
1t 18 ° 0s 025 05
12 116 ° 0s 025 0s
System Control, 1 Set for a Run
13 ° 025 05 025 05
1 0 05 050 os
15 0 0 ) 10 (¥

* Test serums heated at 56° C for 30 munutes before diluting

doubt about the latter the Frei test should be used In persons constantly
exposed to psittacosis agents—aviary owners, petshop employees, pigeon
breeders, and others—titers will range from 1 8 to 1.32 +-+-++ 1 the
absence of acute infection

Tuters of 134 ++-++ and higher i the sera of psittacine birds or
pigeons mdicate either latency of or recovery from infection Active
shedders usuaily have high !ltexs, pigeons with “closed” latent {nfections
may have no bodies It may be to 150~
late the agent from birds wuh high titers
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6. Bedson's method of absorption of sera.

To improve the specificity of the complement fixation test and to
distingui is from lymph i infection, Bedson®® has
proposed a special absorption test,

a  Absorption of the agent. Suspensions of the spleens of mice in-
fected with the psittacosis agent are partially purified by centrifuging in
a horizontal centrifuge at 1,000 to 2,000 rp.m, for 5 minutes, and the
supernatant 1s then centrifuged 1n an angle centrifuge at 5,000 r p.m. for
2 hours The pellet deposit is suspended to volume in saline and steamed
for 20 minutes (Yolk sac or allantoic grosn agents can be used, but the
elements are {requently more difficult te remove entirely from the ab-
sorbed serum )

b. Absorption of serum. The yield from 1 ml. of suspension is re-
quired for absorption of T ml. of serum suitably difuted (the dilution
should leave the antibodies in a concentration of 8 times the titer). The
required amount of steamed suspension is centrifuged in an angle centri-
fuge at 3,000 rpm. for 1 hour, the supernatant is discarded, and the
deposit taken up to volume in the diluted serum. Mix thoroughly and
hold in a refrigerator overnight Centrifuge at 5,000 r p.m. in an angle
centrifuge for 2 hours and use the supernatant absorbed serum in the
complement fisation test with fresh unheated virus as antigen.

¢. Results The fixing power of the serum is abolished or very con-
siderably reduced for steamed homologous or heterologous virus and for
fresh heterologous virus The major part of autibody for the fresh
} virus is left hed

For the study of unidentufied strains the value of sera absorbed with
heated strauns 1s unquestionable, but the procedure is hardly suitable for
routine use because the risk with live antigens 1s too great. Morcover, the
amount of specific antigen in freshly made suspensions of unheated active
agents is unpredictable The results of Sigel’s experiments? indicate that
the group reactive substance 1s not a homogeneous antigen, but consists
of at least two constituents.

C. ComPLEMENT Frxation Inminrrion (Inpmect) TEST
The sera of chickens, ducks, turkeys, pheasants, some pigeons, and
other birds mfected with the psittacosis or ornithosis virus do not fix com-
plement in the complement fixation system in the presence of spealfic
antigen 243233 The inhibiting antibody lacks some character !313( would
enable it to combine with guinea pig complement. "This lack is not the
same as that 1n the incomplete antibody, since bird sera can give agglu-
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tnation in the presence of suitable antigen. The inhibitory antibody m
the sera of chickens or ducks immunized or infected with a psittacosis
agent combines with the specific antigen without fixing complement in the
mdirect complement fixation test The reaction 1s revealed by adding
specific complement-fiamng mdicator antibody (serum from naturally in-
fected pigeons or man, or from ammals immunized) to the chicken serum-
antigen muatures, if all the antigens have been used to saturate the
mhubiting substance in the chicken serum, then none 1s left to combine
with Pl fixing antibody and yielding hemoly sis

1 Taration of mdicator anttbody serum This is the same as was
described under the direct complement fixation test The complement
and hemolytic systems are titrated in the usual manner, Sera of naturally
infected pigeons have proved most active as a source of mdicator anti-
body for this test The pigeon serum 1s mactivated at 56% C for 30
mnutes and distributed 1n 0 25 ml amounts of senial 2-fold dilutions to
three seres of tubes Add 0 25 ml. of antigen to each series: Ist semes,
025 ml contaning 4 unts of antigen, 2d series, 0 25 ml containing 2
units of antigen, 3d series, 0 25 m! contarming 1 umt of antigen To all
tubes add 2 exact umts of complement, shake thoroughly, incubate the
mixtures in a water bath at 37° C. for 2 hours and then add 0 5 m] of
the hemolytic system to each tube Place 1n water bath 37° C for 1 hour
‘The technc and results of a sample titration are shown 1n Table 2

TABLE 2
TITRATION OF PIGEOX SFRUM FOR SELECTION OF TH2 PROPER DIUTION FOR TEST

Pigeon 0 25ml Com-

Serum Antigen Untts plement
Dilu- 2 Exact
tions, Units, Cell,

0 25ml 4 2 1 ml ml
132 [t | bt | b+t | 05 | Eo | o5 [ 5
164 | 4+ | F4+ |+ 05 %1 05 L
196 | dbtt | bt | ++ 05 | Eel 05 | 87
1128 | bbbt | +H440 4 es | 35| o5 | £E3
1256 | +++ | ++ ES os 125} os [ £3

* The hghest dilution of serum with the smallest amount of antigen showing a
4+ 15 the dilution to use m the test, which would be 1 178,
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2. Procedure of the fest. Make 2-fold difutions of the ipactivated
(56° C. for 30 minutes) scrum to be tested, starting with 1:2. Mix 0.25
ml. of diluted test serum with 0,25 ml, of the titrated pigeon serum; add
antigen (1 unit) and complement (2 exact units). Incubate the mixture
at 37° C, for 2 hours. Add 0.5 ml. of sensitized sheep blood cells. Incu-
bate the mixture at 37° C, for 1 hour. The procedure and results of an
indirect complement fixation test are shown in Table 3,

3 Results. The degree of complement fixation is recorded in the
usual way: ++++ (complete fixation) to = (little fixation). The inter-
pretation of the results is directly opposite that of the direct test: com-
plete hemolysis (no fixation) indicates a positive result, The chicken
serum in the sample test in Table 3 has an inhibition titer of 1:8 and this
titer 15 considered di ically signifi for this serum. Titers hase
reached 1:64 or higher with sera of naturally infected duchs and turkeys.

D. IsoratioN of THE AGENT

1. Collection and preparation of diagnostic materials. Blood is
collected during the 1st week of illness, before treatment is insti-
tuted, or during a relapse, and is defibnnated or clotted, The de-
fibrinated blood or the clot, but not the serum, must be {rozen as soon as
possible after it is collected. Sputum is the most likely source of the ag'En}.
particularly in the early stages of the disease, but unfortunately it is
often scanty or unobtainable, Every cffort should be made to get a speci-
men, however small, with the aid of expectorants if necessary. It should
be promptly frozen in a sealed container and sent in the frozen state to
the laboratory. Pleural fluid must be taken asepticaily, placed ina sterile
tube, and sealed with a rubber stopper, The amount obtamable may vaty
from 1 to 5 ml,; it may be shipped if frozen and packed i dry ice.
Vomitus must be collected in a stenle basin and transferred to the lab-
oratory at once. It cannot be shipped satisfactorily. Specimens from the
throat are obtained from garghngs or by washing the patient’s pharynx
with stenile saline (10 to 20 ml )., If the material is to be shipped any
distance for testing or if the test must be delayed several hours, it should
be kept frozen until used, i

At autopsy, obtain any pneumonic part of the lung, a small section

of the spleen and liver, and pleural or pericardsal effusions if they are
present. Deposit smail pieces of tissues 1 stenle bottles or fiish:s and
take at once to the testing center; there they should be frozen if not .used
within approximately § hours. Tissue sections to be sent any appreciable
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distance should be wrapped in sterile gauze and placed in waxed enve-
lopes or foil paper. Put in a light metal container (coffee cans are excel-
lent), seal tightly, freeze, pack in dry ice, and ship by air express, Tissues
to be examined microscopically must be fixed, preferably in Schaudinn’s
solution, and not {rozen.

In the course of an epidemiologic survey single birds are usually
submitted for autopsy and isolation of the agent. To prepare the body
far shipping, wrap it {n cheesecloth previously sosked in a 2 per cent
lysol solution, put it in a container, seal and freeze if possible, and ship
1 packed in dry ice.

If a number of bird flocks are being tested for Jatent infection, a 10
per cent sample of each flock is sacrificed. This is best lished by
asphyxiation with coal gas or chloroform. To protect the personnel of
shipping companies, never attempt to ship lying birds suspected of in-
fection except under special instructions of a bealth officer,

a  Presersation of the virus in the laboratory. Specimens under test,
including field specimens, may be held in lusteroid tubes, glass vials, or
other tightly sealed containers Freeze specimens at —70° C. and keep
frozen until used for animal moculation. Such material may be stored
safely from I week to several months, preferably not longer because
infectrvity 15 gradually lost, especially if the material is not stenle. .

If fairly clean, the matevial may be held for several days in the ordi-
nary refrigerator (temperature 30° to 40° F.) without noteworthy Joss
in potency of the agent Organs of mice or birds heavily infected may "ﬂe
hept frozen for at least 4 years without noticeable effect, Egg material
or organ emulsions lose infectivity within 3 to 4 months. Strains are \{eﬂ
preserved for long periods by desiccation from the frozen state (bVPh{“‘
zation). Store them 3 vacuo in hermetically sealed tubes, in the refrig-
erator Under such conditions the agent remains alive at least 4 years.

Glycerol inactivates the agent,

b, Preparation of materials for ammal inoculation .

(1) Blood Thaw out the sample and 1noculate undiluted intrapesi-
toneally and intranasally ito mice,

(2) Tissues. Frozen tissue is first slowly thawed in a rcfxig.eralor at
about 0° C.; this usually requires 18 to 24 hours, Weighed portions held
in petri dishes are minced with stenle scissors and then !ra}uslerred toa
sterile mortar or grinder (tissue grinder AH T. specification 4283-B),
where they are ground (0 2 paste with sterile sand, glass particles, or
carborundum (size 60) A very convement grnder is 3 150 x 20 mm
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pyres test tube in which a narrower, but Jonger and stouter, test tube
(200 x 10 mm.}, with a roughened outer surface, acts as 2 pestie There
1 less nsk of contamnation with this device than with a mortar. Large
pieces of organs are minced in a special metal container which can be
hermetically closed and operated on 2 Waring blendor base {Catalogue
Neo 174246, Central Screntific Company)

After the tissue has been ground thoroughly, the volume of diluent
required o make a 10 10 20 per cent emulsion 15 tun into the tube, and
the whole 15 thoroughly mixed Employ as diluent plain bormone broth,
pH 7.4-7 6, or1f matenial is contanunated use T8S {p 416} If noparticu-
lar urgency exists it 15 best to hold all suspensions in the refnigerator for
18 to 24 hours because this allows additional sedimentation and diffe.
sion of the agent in the diluent

A sample of the emulsion 15 cultured (o detect possible bacteral
contamimnation before zt 15 put in the refugerator Should st be grossly
contaminated the bactenia must be partially or completely zemoved be-
fore inoculation 1o the appropriate way (p 416)

{3} Sputum or throat garghings Sputum is thaned and cultured for
bactena on blood agar plates To prepare the emulsion, suspend the
spatum, depending on sis consistency, in 2 to 10 tmes its volume of sterile
hormone broth (pH 72 to 7 4), emulafy by thoroughly shaking with
glass beads 10 a stenle, catefully stoppered contuner Refrigerate the
matenial for 18 to 24 hours at about 0° C for extraction of the agent

Centnifuge the extracts for 20 to 30 munutes at 3,000 tpm When
the bactenal fiora of the sputum sample consist of large numbers of beta
streptococe} or pneumococd, treat the emulsion with antbiotics Pra-
longed contact of specimens with such drugs must be avoded, because
the psittacosts agents are susceptible to therr action

{4) Pieural fiuid or vomitys Determine the extent of bactenal con-
tamunation 1 pleural flmd by cultunng on blood plates When the
contamusants have been properly dealt with, hold the specimen an the ze-
fnigerator (about 0° C ) until mocvlation. Vomutus is also cultured on
blood plates to leam the type of contaminant, and when the sample 18
heautly contamsaated it 15 best treated with antibictics When a Targe
quantity of vormitus is avatable the coarse material is sedimented by
centnfugation, and the supernatast s either fltered (Berkeleld V) or
the wiral elements ate deposited by prolonged high-speed centufugation
{15,000 rpm.}. Simce the agent 1s present 1n fow coneentration, mice
shantd be sepeatedly wircted with e Slrate o wrmTding days.
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2. Treatment of contami 1 ials. Diagnosti ials may
be d inated in any of the following four ways: (1) For moderate
[: i , light centrifugation (about 5 minutes at 3,000 rp.m.)

may suffice. (2) Coarse filtration through sand and paper filters may be
used (3) Centrifugate or coarse filtrates may be passed through an
Elford-type gradocol membrane having an average pore size of 1.0 s
This final filtrate is injected intraperitoneally into mice in at least 1.0
ml. quantity. (4) Since there is always a definite, and sometimes a com-
plete, loss of the agent through filtration, the use of bacteriostatic agents
(antibiotics) is preferred. On the basis of observations by Morgan and
Wiseman 3 and Wiseman and associates,*! the following stock solution
{TSS solution) is recommended:

Tyrothricn, 25 mg per ml. .. 008 ml
Sodium sulfadiarine - -5 mg
Streptomycan hydrochlonde ., . . 25 mg (250 units)

Beef heart broth, p 7816 76 . a0t

Dissolve 50 mg of sodium sulfadiazine in 100 ml. of sterile broth. Auto-
clave the mixture for 30 minutes at 15 pounds and cool. Add the strepto-
mycin and tyrothricin, cap, and store in the refrigerator. This mixture of
antibjotics if used judiciously n short exposure will not injure the virus.

3. Isolation, Elementary bodies may be found directly in impression
preparations of the air sac, in peticardial or peritoneal exudates of birds,
or in sections of properly fixed, but not frozen, tissues (lung, spleen, or
liver) excised at autopsy in man They will rarely be found in the blood,
sputum, or other excretions of man, so that it is usually necessary first
to wcrease the amount of the agent by inoculation of 4 ta & tice or 12
eggs and then to search for them in the exudates or gross lesions ?f the
diseased tissues. This is achieved by intranasal instillation and mt'ra-
peritoneal or intracranial injection of mice with the emulsion being
tested or by yolk sac inoculation of 7-day embryenated eggs. Unfortu-
nately, spontaneous, latent, psittacosis-like infection? 2 in the lungs 15
a constant and vexing fon of mouse inoculation. The presence
of murine pneumonitis virus easily leads to false conclusions, !hi§ can-
not be overemphasized, For isolation of the mammalian strains, intra-
pentoneal injection of guinea pigs is the method of choice.

4, Mouse inoculation.
a. Intranasal instilation Instill 0,03 to 00S m! of a 10 per cent
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tissue suspension, with the mouse in light anesthesia induced with ether
or barbiturate.

If the material moculated is virulent, signs of infection develop rap-
idly- hunched posture, apathy, and increasingly labored respiration,
Death follows withia 48 hours to 20 days The early deaths are due to
toxin With less virulent matersal, recovery may occur, accompanied by
gradual disappearance of all symptoms,

Segments or entire lobes of the lung may be extensively consohdated
Death may be produced between the 8th and the 16th day 1f the agent
is present in dilutions of 10~ Duscrete foci of pneumorua are manifested
as the lmuting 1nfective dilutions are approached, These areas are gray,
almost translucent, I to 3 mm, in diameter, and lie 1n apparently normal
lung

Elementary bodies become progressively less numerous in smears
wade from lungs in which the infection has been established for more
than 10 days, and one may encounter great difficulty in finding them 1n
old lesions where repassage may furnish excellent matenal for micro-
SCOpIC examunation.

To 1s0late strams from pneumonic lesions 1n kittens and sheep or i
the central nervous system of opossums,!? 1t is customary to wmoculate
muce intranasally with 10 per cent emulsions of the affected tissue If
the agent is present, defimte pneumomia with more than half of the lung
substance consohdated 1s noted when the muce are sacrificed on the 10th
day Setial passage increases the virulence, and death ensuing 2 to 3 days
after inoculation becomes fairly constant.®

b Intraperitoneal injection, Although most psittacine, turkey, and
egret strains will be revealed by moculation by this route, those from
pigeons, chichens, or ducks may produce significantly enlarged spleens
and cause death only irregularly.

Administer 0.5 ml of the prepared 10 or 20 per cent sterile emulsion.
Virulent material from parrots, parakeets, man, and, occasionally, cana-
nies, when mjected by this route in this amount causes death of the
mouse mn from 3 to 30 days The average wnfection lasts 3 to 10 days A
few ammals recover A short incubation penod after injection of avian
material 15 indicative of a highly wirulent and teaic strain, such as the
turkey or egret strains, present in the bird in high concentration

If the nuce die with:n 2 to 3 days, bittle that 15 abnormal can be
seen with the naked eye; the spleen and liver may appear normal in size
and architecture Quste charactersstic, and often the only sign at this
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e, is the bloated duodenum covered with a thin viscous exudate, and
its content consists of only a Httle chyme. In some animals the surface
of the hver and the intestines may be moist and covered with a thin,
sticky exudate which generally contans abundant endothelial cells
packed with viral particles, When death occurs within 5 to 15 days the
spleen is enfarged, and early necrotic lesions of the liver are visible to
the naked eye. Microscopically, hemorrhages and necrosis are common
wnn the liver; the cells of both the bver and spleen are packed with viral
bodzes.3 Sometimes the abdominal cavity is filled with stringy, turbid,
Tibrinous exudate,

Mice that recover and are sacrificed many weeks after infection have
few lesions. In general, the intestines are slightly distended and light
colored. Exudate may be present in the abdominal cavity. The spleen is
conspicuously enlarged and the liver friable and mottled. The kidneys
are grayish. Although it is dfficult to find the viral Dodies in the tissue
smear, passage inoculations have demonstrated that they may exist as
lung as 300 days after the mitial infection. Mice that recover ordinanly
possess an infection immumty.

If the animals survive to the 30th day, it is imperative that they be
sacnificed and further passage of emulsions of their spleens and livers be
made in other mice. At least 3 such passages are necessaty before 3
negative report can be made.

¢ Intracranial injection. Stenle exudates from the pericardial oF aif
sacs of birds or p 1 fluid and i d from infected

mice or guinea pigs may be safely injected by this route. This sometimes
ishes excellent histologi i for rapid diag Inoculate

003 to 0.05 ml. of a 10 per cent emulsion. Somnolence and paralysis
often develop within 24 to 48 hours, followed by death within 3 to 5
days. This route has the advantage that it excludes the respiratory tract
and thus the possil of dentall, ing a latent
mouse paeunomtis,

S. Embryonated chicken egg.

a. Yolk sac inoculation. This ssmple and direct method is 1deal 'for
enriching growth of the agent and for producing large quantities of jn-
fectious matenal with little contamination.

Six to 12 eggs are thoroughly cleansed with Roceal diluted 1:705000
and then are candled. The air sac and yolk sac are marked, Using a syringe
with a 20-gauge needle 174 inches Jong, inject 0 5 ml of a broth suspen-

sion directly into the yolk sac of a 6- or 7-day embryonated egg. Caver
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the peedle puncture mith a paraffin-beesway mixture and incubate the
egg at 37° C Candle the eggs each day When the embryo is becoming
enfcebled, it shauld be watched closely by candling several tunes 2 day:
2t usually dies i 3 o 8 days. After the shell of the egg has been carefully
dusinfected, it 15 optned with & stende forceps and scissors, Open the top
of the egg, expose the yolk sac, and aspirate the york matenal with a
sterale large-gauge needle Carefully Bit the yolk sac from the egg with
stertle forceps and place it in a stessle petra dish. 1t should be washed with
care s stende saline unti} free of yolk matersal Impression smeats are
made and stamed to determune whether or not elementary bodies are
present, microscopic lesions have vot been noted after yolk sac inoct-
fation

b Ch 37 This 15 prunanly an
expersmental method used to study the hife cycle of these agents Trotw-
Jate 005 m) of the emulnion to be tested divectly wto the chorioallantoic
membrane of 3 30- to 12-day ewbryo Distinct poxiske leswns appear
an the membrane in from 3 to ¢ days, followed by deatk of the embrye

¢ Altlantote noculatton This 15 the best method of obtaining con-
centrated solutions of pure elementary boches free of yolk matenal The
egg s candled, and the awr sac and allontose sac are marked. The 9-
day-old embrya ss preferred Disinfect the shell of the egg and wject
025 mi, of yolk-sac membrane suspension or 025 ml of uadituted
altantowe flwid durectly into the alfantaic sac The difution most switable
far the inoculum 8 that which wilt kit the embrya tn 4 days Each egy
eelds from § to 10wl of hear allantelc flusd Chilfing the eggs overnight
m the refssgerator before hatvasting the agent increases the yield The
resultant preparatien consists almost entarely of elemeniary bodies, with
very litle extranecus matenal

& Gumnea prg d imectian of
stramns results o febride winess fteqlm\dy termmnating (atally in 5 to 10
days The wlection is charactenzed at autopsy by fibrnous pentonshis
with effusion of fuwsd mto the ! and pleural
cavtties Wh lian tissues are ined for 2 latent wmfec.
uion, series of mice should also be moculated by » anous rovtes with the
emulsions property {reed {rom bactenal contaminants
Most avian strains, except those from egreds or turkeys, are avirglent
for gunea pigs Al strains wduce fever, with \cmpcrztuus 4s Tugh as
104° F , lasting for 2 ta 4 days The fehnle reaction varies from anmmat
ta amsmal and may be followed by emaciation, Most ammals injected
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with psin:.;cinc, Ppigeon, duck, or chicken strains recover, but oceasion-
a.").' one will die. The serum of Kuinea pigs that recoyer containg specific

genicity {or mite, ricebirds, or parrats,

Most avian and mammalian strains bring about poeumonic Jesions
involving parts of one or mare lobes of the | ung on intranasal inoculation
0f002t0 0 05 m), of 01gan suspensions, Death follows within 4 to 10days.

7. Aicrascopic study The staining reactions ang morphologic ap-
pearance of these agents are o characteristic that jdentification in
smeats from the infected tissue of the bird, mouse, or other mammals is
wsually easy. In tissues of Speataneausly fatal infections of hirds and of
experimentally infected mice and birds that die of rapidly fulminating
disease, the calonies may be seen in all different stages of development.
Some experience is no doubt Recessasy in recognizing and differentiating
the isms from other eyt p. granules situated in the exudates
and tissues and from the fat globules in the yolk sac preparations, but
with the aid of the Macchiavello stain, the bright red elementary bodies
should be readily identified, even by the beginaer.

a. Staining methods

(1) Macchiavello's stan Prepare the following stock soluteons,
Basie fuchsin .. | 0.25 g 13 300 m} of double distalled water
Otne acd ., < 3 gm in200ml of double distilled water
Metbylene blue 1 gm in 300 m} of double dstiled water
After drying 1 aw, the smear or the impression preparation Is fived by beat,
The basic fuchsin solution, fiest passed through Siter paper o 2 small Tunnel, is
dropped onto the film and allowed to remain for § smunstes The fuchun i3 then
drained of, and the shde quickly dipped for a few seconds inta the citne acd solu-
f1om, which 1s best held 1 3 Coplin 1ar Wash the shde thoroughly with tap water
and stan wath 1 per cent wethylene blue for 20 to Jo seconds, wash agam n tap
water, and dry by bloting Long exposuse to citrie acid wall decolonze the elemen-
tary bodies, and they wil afl stag bius In 1 propedly prepared shde, most of the
vical bodies wall be stamed red
(2) Castaneda’s stain {Bedson's modification) *35 This method 15 sustable for
exther egg-grann or mouse-grown agents Fix the smears in Wess mordant solution
A (formaln, 100 w} | glactal scetsc acid, 7§ ml ). Wash thoroughly, Stass for st
Teast 12 minutes s formol blue solution prepared 23 follows.

M/1S phosphste buffer, pit 7 o EIRTSIR L 1 |
Usna’s blue (ar azute I, 1 per cent methy! slcobol) 10m!
siees ow Sml

Formaha .. « .. . . el s
Wash thoroughly Differentiate in 0 25 per cent aqueous safranine for § to 10 seconds
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(3) Gemsa’s stam This stain gives excellent permanent preparations, provided
a reliable brand of stan (National Aniline and Chemucal Company, Incorporated,
New York) is used

(2) Giemsa’s stock solution Dissolve 0§ gm of Giemsa powder m 33 m] of
Iighest punty glycerol at 55° to €0° C for 134 to 2 hours To this 2dd 33 ml of
absolte methy! alcohol, acetone-free Mix thoroughly and allow to seciment over-
pught 1n a desiccator to prevent absorption of mossture Pour off into small bottles
and stopper tightly

In prepanng the st for use, make up dilutions with absolutely peutral dis-
tilled water (orange with neutral red or purple with hematoxsin) or with buffered
water A trace of hthium carbonate (1 per cet) will usually suffice to give the
desired reaction to stock distlled water Buffered water solution 15 frequently
prefesred

{b) Buffered water solution according to Wilex and Logan

1. Prepare M/15 NaH,PO, (anbydrous) using 95 gm of the
calt 1 11 of distilled water
2 Prepare M/15 NaH,PO, and H,Q by dissolving 92 gm of the
saltin11 of distilled water
‘To make buffered water with a pH of 72, mix 2 ml of (1) and 28 ml of (2) with
900} of dastilled water

Although the rapid staining method ordinanly used for blood smears may 3eld
satisfactory preparations, the slow method 15 recoramended, since Giemsa’s stain 15
largely used m studywng the finer aggregates of viral colonies within the cells Fol-
Towang 15 & description of the slow method

Place the fixed thin films m 2 Cophn jar centamung didute Giemsa’s stamning
solutton (1 drop fa 5 mt of neutral bulfered water) Hold the jar 1n an incubator
at 37* C overmight (20 hours) After removiog the shdes from the stamn, nnse
thoroughly with distilled water, then dry between blotting papers To diferentiate
the stams, the thin film 15 dipped rapidly in absolute 2lcohol (i case the preparation
1s overstamned, use 95 per cent alcohal) , 1t 1s then washed m distilled water, dned,
and examned with an ofl immersion lens Permanent preparations may be made by
carefully removing the cedar ol Although unmounted drv specimens are more
durable, the preparations may be mounted by applying a cover slip and using cedar
oil or neutral balsam or Clante (Neville Company, Pittsburgh) 38

b Stamng of sections The best solutions for stamng sections are Giemsa,
Heenhan’s classical ron hematoxylin, or Nobles stam, apphed to material fixed
1n Zenker’s, Bouw’s, or Schaudinn’s solutions Sections fixed 1n corrosive sublimate
(HgCly) must be treated as follows

1 Remove paraffin from section with xylol, 5 munutes

2, Remove xlol with absolute alcohol and 95 per cent alcohol,

3 Trapsfer to 70 per cent alcohol tinged with Lugol's solution for 15 to 30

minutes, until ight brown
4 Place 1n 95 per cent alcohol to remove 1odine
. Pass through 70 and 50 per cent alcohol to distilled water
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with psittacine, pigeon, duck, or chichen strains recover, but occasion-
ally one will die, The serum of guinea pigs that recover contains specific
antibodies. Passage through guinea pigs does not diminish the patho-
genicity for mice, ricebirds, or patrots.

Most avian and mammalian strains bring about pneumonic lesions
involving parts of one or mare lobes of the lung on intranasal inoculation
0f0.02t00 05 ml of organ suspensions, Death follows within 4 to 10 days.

7. Microscopic study. The staining reactions and morphologic ap-
pearance of these agents are so characteristic that identification in
smears from the infected tissue of the bird, mouse, or other mammals 1s
usually easy. In tissues of spontaneously fatal infections of birds and of
experimentally infected mice and birds that die of rapidly fulminating
disease, the colonies may be seen in all different stages of development.
Some experience is no doubt necessary in recognizing and differentiating
the isms from other cytoplasmic granules situated in the exudates
and tissues and from the fat globules in the yolk sac preparations, but
with the aid of the Macchiavello stain, the bright red elementary bodies
should be readily identified, even by the beginner.

a. Staining methods.

(1) Macchiavello’s stamn. Prepare the following stock solutions:
Basic fuchsin .. .... 025gm in 100 ml of double distilled water
Curic acid . ...... 1 gm.in200ml of double distilled water
Methylene blue ... . 1 gm,in100ml. of double distilled water

After drying 1n aur, the smear or the impression preparation is fized by beat
The basic fuchsin solution, first passed through filter paper in a small funnel, 1
dropped onto the film and allowed to remain for 5 minutes. The fuchsin is then
drained off, and the shde quickly dipped for a few seconds into the artne acd solu-
ti0m, which 15 best held 1 a Coplin jar. Wash the slide thoroughly with tap water
and stain with 1 per cent metbylene blue for 20 to 3D seconds, wash agaia 1 tap
water, and dry by blotting Long exposure to citnc acid will decolonze the clemen-
tary bodhes, and they wall all stan blue In a properly prepared shde, most of the
varal bodies will be stained red

(2) Castaneda’s stan (Bedson’s modification) 23 This method is surtable for
either egg-grown or mouse-grown agents Fix the smears in Weiss mordant solution
A (formalin, 100 ml, glacial acetic acid, 7 S ml). Wash thoroughly Stan for at
Jeast 10 miputes 1 formol blue sclution prepared as follows
veeer 90ml

M/15 phosphate buffer, pH 70 « .. «ieaveiis
‘Unna's blue (or azure I, 1 per cent n methy! alcohol) « 1oml
. a0 Sml

Formalm ..cv « v o0 ave o
Wash thoroughly, Differentiate 1n 0 25 per cent aqueous safranine for S to 10 seconds
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this infection, To the health officer, however, knowng the exact cause of
certam forms of one of hus ilities, The
proper 1dentification of the agent may be of real assistance to the epi-
demiologsst 1n locating the source of nfection and in learning more about
the sources and under which i are spread This
provides a reasonable basis for preventive measures It1s of great interest
to the virologist concerned with the characteristics of the agent, knowl-
edge of which may eventually Jead to 1ts control,

Isolation of the agent from the sputum of a person who does not have
the clinical symptoms and signs of psittacosis suggests the existence of a
latent infection or carrier stage, In this case repeated examinations of
the sputum are indicated so that the patient who continues to excrete
potentially infective agents may take the proper precautions

Isolating the agent from the spleen, Jiver, kidneys, or cloacal content
of birds epidemiologically hinked with 2 human infection js of defimte
value If the agent can be isolated from 10 to 20 per cent of a fock of
pigeons or parakeets, 1t must be considered heawly infected and a poten-
tial source of infection for other birds and human beings

9 Further identtfication of the 1solated strans, This is accomplished
through the direct complement fixation test, using the isolated agent as
an antigen, and through pathogemcity tests, tests of sensitivity to sul-
fonamides, cross-immumity tests, and toxin and infectiity neutraliza-
tion tests

Mouse spleen or lung tissue or yolk sac material rich in elementary
bodies can be converted into a cocto antigen according to procedures
described (p 405) and that described by Davxs,“ and used with a igh-
titered from h d guinea pigs or
natura]ly mfected or hypenmmumzed pigeons as a control Gusnea pigs
that have recovered from an infection with a psittacine or mammalian
strain are injected with 2 to 3 ml of a 10 per cent suspension of virus
ntrapenttoneally at weekly intervals, with periodie rests of 1 to 2 weeks
Ten wjections as a rule produce excellent sera ¢

a  Pathogenicity tests Inoculation of muce, guinea pigs, parakeets,
ricebirds, or pigeons is useful 1 distinguishing strams of avian
from those of mammalian origin and to some extent those of psitta-
cine from those of columban ongm (Chart I). Appropriate dilutions
and routes are used ta mahe these distinctions

b. Sensitivity to sul[ommldes A few strains of the group respond
to the sul d #4142 Unul the ofa
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6 Place in 0.5 per cent aqueous solution of sodium byposulfite for § to 10
minutes.

7. Wash in ruzning water

8 Transfer to distilled water, stain, duffcrentiate, debydrate, and mount at-
cording to the staining method chosen

{1) Polychromatic Giemsa stain (Wolbach's modification)

Beautiful sections are obtained after fixation of the tissues with corvosive sub

lLimate Transfer the sections from distalied water to the following selutions:
Dustilled water .. . 100 ml.

Giemsa solution . . . .. e 60 drops
Methy! aleohol . . . . . .. 1oml
Aqueous sodium carbonate, 0§ per cent wee - »a 2drops

Stan for 24 hours, renew the staining selution twice Rinse m distilled water
and diffcreatiate as follows

1 Immersein 15 per cent colophonjum in acetone for a few seconds

2 Transfer to the same reagent for a few seconds

3, Place 1o a mixture of acctone 70 parts and xy lol 30 parts

4 Transfer to a muzture of equal parts of acctone and xylol.

S Clear i x3lol and mount in neutral cedar o, never in balsam,

Control the progress of differentiation under the mucroscope,

A modification of Schaudinn’s solutton consisting of cqual parts of saturated
solutson of mercury bichlonde (HgC1,) and acetone, with § per cent acetic 2ad, is
particularly useful when using the Noble's stan described below.

(2) Noble'’s stain

Prepare sections from carefully embedded paratfin blocks and stan as follows

1. Steam scction flooded with 1 per cent basic fuchsin solution ever an alcohol
lamp for 45 seconds
Decolonze and differentiate in 0.5 per cent atnc acid solution for 134
runutes
Wash in distilled water
Counterstain with 2 per cent aqueous orange G solution for § minutes
Rinse Lghtly and counterstan with 1 per cent aqueous methylene green
solutzon for S munutes
Differentiate rapidly 1n 95 per cent alcohol
Pass rapudly through absolute alcohol into xyJol
Mount :n balsam or euparal

PR

® oo

8. Significance of the results. This test provides the most certait
basis for the duagnosis of psittacosis. Ta the patient, demonstration of
the psittacosts agent in the blood or sputum is largely an academic ma}-
ter, because the results are usually not available during the course of his

acate illness, but that is true of all of the present means of diagnosing
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characterize certam strawns # A weakly virulent strain and its related
types provohe i only agasmst B 3l a highly
varglent. stzain may provoke inmumty against all other members of the
group, For example, nuce tesistant to the virvlent §BC strain resist
challenge to large doses of a less virwlent mgeen strain ** The opassum
steasn, of low visulence, protects only agaust homologous challenge

Guinea prgs that survive fection with avizn ar mammalian straing
resist severe thallenge with the ughly virulent Lousiana {Borg)i348 or
egeet (SE4S}Y srus gwven catsapentonestly  Imsaunization with
the egret strain protects them aganst mtrapenitoneal challenge with the
virulent turkey strain Their resistance o remnfection with avian strains
bas sanied from 20 to 60 per cent.

These tests may prove ussful ia classifying members of the paitta-
cosis group

& Tomn vwal nfectvaty neutralization tests The toxm neutraliza-
tion test with 9 different sera and 27 tongenic stramns®® places these
strans nto stx groups (1) the Louwisiana ppeumonitis agent (Borg),
(2} the San Francisco agents, {3) the feline preumonitis agent, (4) the
menwngoppeumonstis virus of Francis and Magilt, (5} 4 strams 1solated
from pigeons, and {(6) 14 strains isolated from svian and human sources
{some with unhnown exposure} Some antisera are sharply speaific for
the homologous toain, but the sisth group remauns undifferentiated

A b of the toxw seg trali with the viral
wfectn ity neutralization techiuc has disclosed that the psittacosss group
s made up of highly speaific serotypes Neutrahzation tests to differen-
tiate stratns are feasible through use of specific rooster immune sera 4@
The munne and feline agents are ty distinct
Bera speaific {or these strawns do not neutralize the 6BC, San Francisco,
Lhinoss, or Nigg strams We bave found the results moze decisive when
the nettralization was tested 1 mice, using the mtsravenous toute The
speetfic ive action of an antips serum 1§ maore cleasly de~
fined by than by or u iaf inectson ¥ The
profection 15 highly specific for most strams according to host ongin.
Antisera prepared with avian strains fail to protect agamst mammalian
stsans The strains of murne, felne, and owvmne peumonitis and of
epizoolic aborgion of ewes are neutrabzed only by homoiegous antisera *

(1) Preparation of towic suspensions®® The strams to be tested
ate prepared m migcted yolk sacs of &- to 7-day embryonated chicken
eggs For hamesting yolk sacs, see p 407 In order to secute 2 potent
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larger number of strains has been studicd the differential value of this
test cannot be ascert:uned

¢. Cross-i tests. Sul i lation of mice, once or
several times, with sublcﬂml doses of live agents of this group or with
large doses of killed agents, and subsequent challenge, may help to

CHART I
or P: L U1 VIRAL ACENTS
Pathogenicity-Virulence Netralization of
Com-
Guinea Ricebirds| plement
Pigs | Pigeons [Paral if
Mice Introperi | Intra. | Intea- | (Group
Four Routes toneal b 1 Toxin |Infection
Avian ongin B
Pattacine [P, IN,IC,SC*t 0 E3 + + Cross | Cross
Pigeon P+ IN, IC [} + + + Cross | Cross
Dove 1P+ IN,IC o + + + | Cross |Speafic
Duck 1P 3 IN, IC o E3 + + Cross | Cross
Chacken IN, IC 0 + + + - | =
Turkey 1P, IN,IC,SC*% [++++| © + + | Cross |Speafic
Egret 1P, IN,IC,SC*# [++4+| <+ + + | Cross [Speahic
Mammalian ongi
2Mouse
preumenitis [P, IN,IC, o 0 0 + — | Speafic
Feline N +++ [ — 0 + [ Speafic [ Speafic
Opossum P, IN,IC +++| 0 - + | Speatic | Speatic
Calf, BEV. N bt | — 0 + | Spealic | Speatic
Ewe; EAE. IN +++ — ] + Cross | Cross
Human Spealic
Borg, Lowsiana  [IP, IN,IC,SC  |++4+4 + + Cross pm
SF. ip, IN,IC,SC + + + grass sz:n s;c
1P, IN,IC * ttot + + s
?Lhex‘stxam!, ’ m: ¢ i 0 +Am swa‘il_siaﬁ:_
P
o = negauee

ot tested

ills,

farmier with occasional death.

b 50 per ceat or more deatbs

+K
AT 1000 oer cont deatts
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Skin sensitrvity tests. Sensitivity to presently available antigens
occurs nfrequently and is difficult to interpret. It always develops in
patients with lymphogranuloma venereum, but the more acute nature
of psittacosis and early treatment with effective antibiotics may be re-
sponsible for the uregulanity or Jack of allergy. This test is, of course,
not suitable for early diagnosis 1t remains a subject for further investi-
gation
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toxin, eggs must be watched carefully, and the yolk sacs must be har-
vested when the embryos are moribund or just dead. Yolk material is
carefully cleared from membranes, Smears are prepared to check for
viral elements, and cultures are made to detect bacterial contaminants,
Yolk sacs are then ground thoroughly, made up in 20 per cent suspension
1n beef heart broth, and held in the refrigerator for 2 to 8 days.
(2) Diluent. A 0.1 M phosphate buffer at pH 6.8 containing 0.2 per

cent gelatin is the diluent of choice.

Nal,FO,SHO .

Na, PO, (mh)dmus)

Bacto gelatin

Distilled water

LUTU AL 12 auuty w et §
able working amounts and sterilized in the auloda\e a! 15 pounds for 15
minutes.
E. Ornuer DucNostic TESTS
The hemagglutination inhibition test and the conglutinating com-
plement absorption test have been used, and group specificity bas
variably prevailed. Antigenic differcnces have been few, minor, and

not constant enough to be of ical value, 3332 inin is labori-
ous 1o prepare, 1s unstable on storage, a.nd is mfccuaus. Many sera have
proved anti y in the

test These tests are no more uscful in the serodragnosis of psittacosis
than the direct complement fixation test,

1. Micro-agglutination test. The specific antibody reaction in the
agglutination test, studied to only a limited degree until recently, is the
subject of renewed attention.®* Formalin-killed, purified, and concen-
trated suspensions of el y bodies p d from infected mouse
lungs,* from allantoic fluid or even yolk sac material, are speafically
agglutinated by sera from infected chickens, turkeys, mammals, or man.
Production of uniformly sensitive specific antigen for the micro-agglutina-
tion test by the methods used in rickettsial infections continues to offer

bl Although si results are being re-

many
ported,*® the agglutmahon test is not yet available for routine laboratory

use.
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I INTRODUCTION

A. GENERAL STATEMENT

RACHOMA §s  virws disease of world-wide distribution whith attacks

the conjunctiva and comea ifically, with serious eicatsicial
sequelae leading 1o diminished vision or even blindpess, The disease
may start elther acutely or insidiously, but if untreated always tuns a
chranic course aver & period of many years. Cases are kpown to hae
persisted during a lifetime, When the discase affects young children,
however, there 15 a tendency to spontancous healing, which has been
estimated e be as high as 30 per cent in some series.

B CuiNicar Feazures anp Diacnosis

The most chavacteristic feature of the early acute phase of frachoms is &
papiffary hypertzophy of the ton)unm\a, socompaned by as abundant cozjunc-

tval exudate w which tes are predomi ot chsonic
phase folhcular b phy ig lhz most feature The comea n h—
volved with the and tually shows

infiltrates, paanus, and {requently corneal ulceration. Cell necrosis with sicatruear
ton is Bghly charactenstic and usefuf in diaguosis, In severe rases conjunctival
acatration may tesult fn deformity of the hds, comeal cicattization is the cawe
of the dummshed vision or blindness A diagnostic cimead featare iy the predormi-
zant mrolvement of the upper parts of the compunctiva and cornea; in Indtusion
conyunctivitis, whuh is dur 1o a virus of the same group, the maxinum Jocshratn
of the virus 14 3p the conyunctiva of the Jower hid

In most instances trachoma can be thagnosed on the bass of these clmesl
featuses alone, but laberatory procedures are dustincily saluable ia dicult of
complicated cases. OF greatest disgnostic amportance cliaically are (1) the foltcular
By pertrophy wvolving the upper 1arsal conjunctiva, (2) the development of pannus,
and (3) the conjunctival and corneal cicatrzation With the 2id of the sht-lamp
and corntal micrascope, these characitnistic changes can be retoghited very easfy
m the disease

Secondary bacteral wnfrction 18 very common in trachoma Ju countries suck
a3 Egypt it may complicate the disease fa 100 per cent of cases, the most kapertant
bacténs beng Nersere gonorrhoeas and the bacdih of the Hemophius group I
thi countly 1he most common secondary mudu s Slu[h)lazpum aureus, unh

(Kogh-Weehs baalius), and Alorazelis Juwmxux (d;p\;mﬂnu; of Maux-Amkld)
niext i order of frequency

Trachoma 1 favarably influenced by treatment wnh uw swulfonamdes, of which
Jamide and are most and with the broad

spectrum apibiotics Recent studies suggest that eryihmm)m\ and magnamyus
ace sl thexapeaticaily acove
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C. Trz Vixus

The specific cause of trachoma is a virus of the psittacosis-lympho-
granuloma venereum group of viruses The taxonomy of this group of
agents was long n dispute, but 1 1945 Moshkovskn ! suggested the
family name of Chlamydozoaceae and the generic names of Chlamydo-
zoon and Miyagawanella The agent of trachoma he named Chlamydozoon
trackomatis and the agent of inclusion blennorrhea, a closely related
disease, he named Chlamydozoon oculogenitale. ‘The virus of trachoma
15 believed to attack only conjunctival and corneal epitbelium, and it 15
assumed that all subepithelial changes result from the presence of a
diffusible toxin ** hiberated by the virus in the epithelum. It has been
1mpossible to demonstrate the virus morphologically 1n subepithelial tis-
sues or to infect the conjunciiva of the experimental animal except by
way of the epithelwm

The virus appears typically in the form of elementary bodies morpbo-
luglcally identical with those of the other members of the psittacosis-
(Chl. ) group Just as also
occurs in the course of the ntracellular development of the other viruses
of this group, large swollen forms appear, which are known as initial
bodies and which have somewhat different tinctorial properties The
antracellular colonies of the virus, or inclusion bodues, are of diagnostic
wvalue 1n the human disease and need only be distinguished from the
virus colonies of inclusion blennorthea The inclusion consists of the
elementary and initial bodies embedded 1n 2 matrix made vp prancipally
of glycogen. When stained with Giemsa’s stai, or other similar dye, the
young inclusions, consisting principally of mitial bodies, tend to be
more b: ic than the larger incl consisting principally of ele-
mentary bodies It is the elementary body which is the filtrable form,
but fltrations are obtawed with difficulty.?

There are now a number of claims for the cultivation of trachoma
virus But their validity has not yet been established, and 1t can be said
that o one has yet been able to maintain a strain in senial culture There
has been no difficulty, however, i growing its normal host cells, the
conjunctival and corneal epithelum 3

D. TrRANSMISSION

‘The infectivity of trachoma is known to be very low in the chrome
form of the disease but may be bigh in the acute form, Transmisston 5
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from eye to eye and requires close contact. The virus is quite sensitive
to drying, and transfer tends to occur only under very unhygienic condi-
tions The familial character of the disease is well demonstrated in such
countries as North Africa and even among the Indians of our southwest.
In these areas the father in the family may have the disease and the
children remain free, but if the mother is infected the children are almost
invariably also infected. Trachoma may spread simultaneously with
b ial conj s, particularly heal ophthalmia and Koch-
Weeks conjunctivitis Recent studies in Egypt ¢ appear to give conclusive
evidence that trachoma, along with the acute ophthalmias (gonococcic
conjunctivitis, Koch-Weeks conji is), may be itted by flies.

peri fly control in isolated villages have been remark-
ably successful in reducing the incidence of all these types of conjunc-
twvitis It s known that wrestlers are frequently infected, probably as 2
result of the close contact in wrestling and the common practice among
wrestlers of massaging their opponents’ eyeballs violently to induce 2
vagus reflex.

11 ISOLATION AND IDENTIFICATION OF THE VIRUS

A PRECAUTIONS FOR WORKERS

Unlike psittacosis virus, trachoma virus is not dangerous to work
with, for 1ts communicability is low, and ordmary hand precautions
suffice to protect the worker. Accidental transmission of the disease to
doctors and nurses has been hnown to occur but only during surgical
procedures such as curettage and expression in which infected material
has struck the eye The wearmg of glasses and the avoidance of contact
of the hands with the eyes should provide sufficient protection for all
practical purposes

B Types oF PROCEDURL

Lak y proced in 1 fall into (wo categories accord-

ing to their purpose, as follows,

1. For diagnastic purposes.
a, Epithehal i for the phologi ion of the
virus and the recognition of such complicating factors as allergy and

tear deficiency. )
b. Follcular expressions for the detection of specific cytologic

changes.
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c. Secretion smears and cultures for the determination of secondary
bacterial infection,

2 For expervmental purposes.

a Animal moculation (monkeys and apes).

As previously noted, the diagnosis of trachoma is primanly clinwcal,
only early and atypical cases requiring laboratory procedures Examina-
tion of epithehal scrapings 1s first 1n order of diagnostic importance, and
examnation of expressed follicular contents, second Only in extremely
acute cases can the free virus be seen in secretion smears, but both smears
and cultures are useful in the diagnosis of secondary bactenal infection
Knowledge of the presence or absence of secondary infection, and of its
nature, 1f present, 1s a prerequisite to the applcation of adequate therapy

Biopsy material 15 of little value in trachoma, although the virus can
be seen in properly stained sections from the conjunctiva. For methods
of staming sections the reader 1s referred to the chapters on “Psittacosis”
and **Lymphogranulotma Venereum” since the tinctorial properties of tra-
choma wvirus resemble very tlosely those of the vituses of these two
diseases

‘The 1noculation of experimental amimals bas no diagnostic utlity in
trachoma The technics are discussed i this chapter solely for the bencfit
of the experimental worker

No serologic d
veloped as yet

of

g have been de-

[l o AND or Ei

1 Sources of matersal The virus, which 18 to be found in both the
conjunctiva and cornea, 1s most abundant 10 the early acute stages of
the disease, and there is general agreement that much more of 1t is to
be found in the conjunctiva of the upper tarsus and fornix than of the
lower tarsus and fornix Epithehal scrapings from the upper tarsus and
upper fornix, therefore, constitute the best source of virus material and
the most umportant preparations from trachoma They are much better
than biopsy material or follicular expressions since the virus appedcs to
be himited strictly to the epithehum and is mare abundant in the supet-
ficral layers than in the deep. Scrapings are best taken with a platinum
spatula from the previously anesthetized conjunctiva and from the area
of greatest disease activity. This 18 usually the tarsal conjunctiva, and
more particularly its upper border, but scrapings from the upper fornix
are also valuable,
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In the diagnosis of secondary bacterial infection, examination of
sceapings from the lid margins is indicated when there is o complicating
blephartis

2. Staining methods, The scrapings should be placed on tlean, grease-
free, dust-free slides, They are best fixed for § minutes with absalute
methy! alcobol, acetone-free, and stained w ith Giemsa's stain, Wright’s
stain may be used as a substitute, but 1t is mare dufficult {o obtain debris-
free slides with this stam. Since the tinctorial properties of trachoma
virus are almost identical with those of the other members of the psitta-
cosis-ty mphogranuloma venereum group of viruses, other stains such as
the Castaneda, the Macchiavello, and the Vietoria blue can be used, hut
they offer no real advantage and have fn general been less satisfactory
than Giemsa’s stamn For the technic of staming with the Castaneda and
Macchuavello stans, the reader is referred to the chapters on “Psittacosis”
and “Lympbogranuloma Venereum.”

Giemsa’s stain gives excellent, permanent preparations provided 3
reliable stain is employed and care taken in having a neutral distifled
water as dijuent. A stock preparation of Giemsa’s solution can be ob-
tained from various saurces,* or the stock-staining solution ean be
prepared from powder.} One-haif gm. of the powder is dissohed in
33 ml. of the highest punty glycerol at 559 ta 60° for 134 to 2 hours,
To this is added 33 ml, of absolute methyl alcahol, acetone-free. The
solution is then mixed th ghly and allowed to sed: ight in
a desiceator to prevent absorption of moisture It 15 then poured off into
small bottles and stoppered tightly,

Dilutions of stock Giemsa's stam are made with neutral distilled
water or buffered water, If the water is allowed to become acid, the stain
will shift to the red side, and if llowed to become alkaline, wali shift o
the blue, If there s any difficuity in obtaining satisfactory distilled water,
a buffered neutral water can be wsed. Distilled water 15 best hept in pyrex
bottles, since ordinary glass bottles have a tendency to hberate alkali
into the water The preparation of buffered water is described fn the
chapter on “Psittacoss.”

The fived epithelial scrapings are stalned as {ollows:

a. Place the slides in 2 Coplin jar in a dilute Giemsa's solution ¢}
drop te 2 ml. of neutral distilled water)

# Gradwall Laharatazies, $¢ Louts
t g;‘u:m Asline and Chemucal Co , Tnc, New York City
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b Place the jar in an incubator at 37° C, for at least one hour.

c. Remove stain debris by rinsing the shide rapidiy in two changes
of 95 per cent alcohol.

d Dry and examine,
During the staiming process care must be exercised to prevent dust part-
cles from setthng on the shde, If permanent preparations are desired,
place a drop of cedar o1l on the slide and cover with a thin cover shp If
more rtapid staming is required, fix with May Grunwald solution for 3
mnutes and stam with concentrated Giemsa’s solution (2 drops to 1 ml
of neutral distalled water) for 15 mimnutes

Wet fixation has been advocated by Lindner 8 for special studies of
the inclusion bodies, but 1t 15 not a diagnostic procedure. The jodmne
stain described by Rice®” which brings out the carbohydrate matrix
of the mclusion body, has some usefulness, however, smce 1t enables
one to scan a slide rapidly under low power, the reddish brown glycogen
color of the matrix bemng easily izable under low 101
An inclusion body stained with one of the other dyes can more easily
be missed unless o1l 1mmersion is used Tt should be pomnted out, how-
ever, that many of the small inclusion bodies do not have carbohydrate
matrices and could, therefore, also be mussed when stained with 1odine
The number of inclusion bodies m any particular case seems to be 1
proportion to the clinical seventy of the trachoma As many as 20 per
cent of the conjunctival epithelial cells in the pure, acute, exudative type
may be affected whereas 1 chromc trachoma of very low iatensity it
may be necessaty to search many slides before a typical melusion body
can be found In such cases it 15 clearly helpful to scan the shides under
low power magnification prior to the use of the oilimmersion lens

3 Morphology of the virus particles In epithehal scrapings from
the affected conjuncliva or cornea, the virus appears 1n 1ts more charac-
tenistic form, the elementary body, a minute coccus-like body about 0 2
to 025 p in diameter, either singly, 1n clusters, or an clumps The virus
also appears m the form of imitial bodies, which are larger, more bluish,
bipolar-staiming bodies, with coccobacillary morphology, and as wtra-
cellular masses of either elementary or initial bodies or both The ele-
mentary bodies tend to stain purple with Giemsa’s stain and the initial
bodies, pure blue Electron microscopy of the elementary and tmitial bod-
1es has not added significant information as to their nternal structure

While the virus can be seen extracellutarly m the acute stages of
the disease, in the chronic stages it can usually be identified only i the
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form of the intracellular inclusion bodies. It is the inclusions, therefore,
that have the greatest diagnostic value. As with other members of the
psittacosis-lymph 1 group of viruses, trachoma virus
undergoes a definite sequence of morphologic change within affected
cells. This sequence is believed to run as follows: An elementary virus
particle is phagocytosed by an epithelial cell; the particle then swells to
form a coccobacillary body many times its original size. This is the imtial
body, which then divides to form more bodies of comparable size, As the
divistons continue, the cytoplasm of the cell is replaced with the inclu-
sion mass, the elements of division become smaller and smaller, and
finally the elementary body stage is reached again., From observations
made during the incubation period of experil I trachoma in man, this
sequence of morphologic change from elementary body through initial
body and back to elementary body, with rupture of the cell and liberation
of the virus particles, requires about 48 hours.

As previously pointed out, the inclusion mass is embedded in a carbo-

hydrate matrix, which takes a characteristic glycogen stain with Lugol's
solution. Finding of the typical cytoplasmic inclusion body limits the
i is to 1 of inclusion bl hea. Di iation be-
tween these two diseases, on laboratory evidence, must be based on
cytologic differences rather than on any difference in the morphology of
the inclusion bodies, The cytologic differences are best observed in follic-
ular expressions, as will be discussed in Section B below.

4. Morphology of the inclusion body Unfortunately, the trachoma
inclusion body, which has such great diagnostic value, is not the only
cytoplasmic element found in conjunctival scrapings Differentiation
must be made from a number of pseudoinclusions. Among these is ex-
truded nuclear material. This ts usually easy to identify since the extruded
material retains the tinctorial properties and characteristic texture of
the origwnal nucleus. Other pseudoinclusions are phagocytosed nuclear
matenial, pigment from heavily pigmented individuals such as the Indian
or Negro, and stain debrs, This last frequently simulates initial body
inclusions, although the experienced observer can always make the
differentiation, In view of these sources of possible confusion, however,
the laboratory diagnosis of trachoma should, for all practical purpofeS,
depend on the finding of the charactenstic elementary body inclusion.
This inclusion, with its typical elementary bodies (Fig 1) and carbo-
hydrate matrix (Fig. 2), cannot be confused with any of the so-called

pseudoinclusions
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As previously goted, the number of inclusians ia pure trachoma
varies directly with the amount of exudation, Active, secreting trachoma,
excluding those cases in which secondary wiection s the cause of the
exudation, always shows abundant inclusion bodies. Folhcular trachoma
without much secretion, on the vther hand, may have few, if any, inclu-
slons Cextain old, cicatricial cases of fow actvity bave been reactivated
by the topical use of cortisone, with the development of abundant inclu-
sions. The use of this cortisone effect as a diagnostic test and a test of
activity has been suggesied 8%

1t is of interest that in trachoma with inclusion bodes the percentage
of cells infected is always greater in scrapings from the upper tarsal
£ mivmetion than in stranings from the lower conjunctiva, and that this

s R N 5

of factors Epithefial scrapings are also
useful in the de\ermlnaunn of such complicating factors as allergy and
tear deficiency A high eosinophil count always mdicates an aflergy
and most commenly a vernal catarth. The finding of Leratimzed epithe-
hum in conjunctival scrapings is of importance as an indicator of tear
deficiency, common m old cicatricial trachoma, and should always be
checked by the Schirmer test, by which the output of tears in a measured
period of time can be Tear makes the eradi
of secondary bacterial infection much more difficylt

D PrEPARATION AND EXAMINATION OF FOLUCULAR EXPRESSIONS

1, Preparation. As noted above, expressed trachoma follicle material
shows specific eytologic changes which are of espacial value s the differ-
ential diagnosis of trachoma and inclusion blennorrhea$%1% Preparations
are best obtained by means of the Prince ving forceps or an ordinary
chalazion curette. With one or the other of these imstruments the mate-
rial is gently expressed {rom a follicle on the anesthetized conjunctiva,
placed on a clean slide, and stained with Giemsa’s stain by the method
described for staining epithelial scrapings

2. Nature of the folfscle, Diagnostically significant is the fact that
the trachoma follicle, due 1o the characteristic nectotic changes whick
occur withn it, is typically soft and gelatinous in contrast to the hard
folhicles of all types of {ollicular conjunctavitis and folficulosis, The tra-
choma fallicle is, therefore, very easily expressed with the ning forceps,
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and the expressed material, when suitably stained with Giemsa’s stain,
shows a very characteristic cytologic picture. In marked contrast to the
easy expressibility of the soft trachoma follicle, the nontrachomatous
follicle, such as that of inclusion conjunctivitis, is hard and difficult to
express. In many instances the whole follicle must be literally torn from
the conjunctiva. This probably explains why follicular material from in-
clusion conjunctivitis presents a ¢y tologic picture quite different from
that of trachoma.

3. Cytology of the expressed material, Examination of expressed
follicular material from trachoma reveals the following picture: (a)
macrophages, their cytopl. loaded with broken-ds u-

I .

clear material, (5) pale-st ic, large mono-
nuclear germinal center cells, probably lymphoblasts, which differ sharply
in appearance from the similar cells found in expressed material from
nontrach follicul: ivitis, (¢} an extraordinary amount
of cell debris scattered throughout the slide, and (d) a few scattered
plasma cells and lymphocytes, typically far less numerous than the large
mononuclear cells,

In expressed follicular material from inclusion conjunctivitis, on the
other hand, the following changes are noted: (a) macrophages, when
present, are very few n number and tend to be much smaller than the
giant macrophages of trachoma; (5) there are no necrotic changes in
the large mononuclear germinal center cells and little, 1f any, cellular
debris, and (¢) small round cells, mostly lymphocytes, predominate and
constitute the most striking cytologic feature.

E. PREPARATION AND EXAMINATION OF SECRETION
SuEARS AND CULTURES

The cytology of the in h is signi only in th.e
fact that the philic leukocytes are predomi and that this
finding, although also cl istic of i junctivitis, differs

sharply from the findings in follcular conjunctivitis caused by typical
viruses such as epidemic keratoconjunctivitis virus and herpes slmglex
vitus, both of which produce predominantly a mononuclear cell reaction.

The prumary purpose of examuning secretion smears and cultures in trachoma,
however, 15 to determne the presence or absence of secondary bactenal infection
or allergy There 1s indecd such an exceedingly hugh wncidence of secondary infection
1n trachoma that smears and cultures should be made and examuncd routinely i

of adequate ‘measures This 15 P

order to ensure the
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1mportant m old cicatricial cases 1 which secondary infection may keep the tra-
¢homa active In such casts topical apphieation of a sulfonamde or antibiotic may be
very much more effective than their systemic admnistration

Secretion smears are best fixed by heat and stamed by Gram’s method When
an acute bactenal wfection 1 supenmposed on a trachoma, the organsms most
commonly seen will be the puoumococcus, bacil of the Hemophulus group, and
Staph aureus In rare mstances Sirep viridans ot Strep hemolyticus may be found

“The occurrence of a conjunctival eosimophilia 18 indicative of a comphcating
conjunctival allergy, the most common type beung vernal catarth

Routine cultures are best taken on blood agar plates by means of the wet swab
technic (cotton applicators moistened with 1 per cent glucose broth) It 1s useful to
cide the plate 1nto four parts, two quadrants being used for each eye, one of the
two for materual from the comunchiva, the other for matenal from the Ld margins
Anaerobic cultures are usually not indicated Special culture media are employed
only 1 cases of suspected secondary nfection with the gonocaccus or the diphtheria
bacillus, both of which are extremely uncommon compheations m this country

F. SEROLOGIC PROCEDURES

So far no serologic procedures of diagnostic signsficance m trachoma
have been developed Serologic findings have indeed been almost totally
lacking,! due no doubt to the fact that trachoma virus 1s strictly epi-
theliotropic It has so far been impossible to demonstrate viricidal anti-
bodies 1n the blood serum, and second attacks of the disease occur
without of 1p: skin test, such
as the Frex test for lymphogranuloma yenereum, has ever been demon-
strated Rake, Shaffer, and Thygeson'? found that serum from trachoma
cases gave low complement fixation titers for Iy mphogranuloma venereum
antigen and this has been confirmed recently by Kornblueth ef of 12* and
Biett1 ez ol **® No trachoma antigen studies have been reported, but this
13 not surpnising an view of the fact that trachoma svirus cannot yet be
cultivated as a routine laboratory procedure.

G AnmvAL INOCULATION FOR EXPERIMENTAL PURPOSES

1 Source of material In ammal ekperiments, epithelial scrapmgs
taken from the area of greatest disease activity are best transferred
directly without prelminary dilution Smce the virus 1s never very
abundant in scrapings, dilution tends to reduce 1ts 1nfectivaty, but 1f it
is necessary to transport the material or to make delayed inoculations,
2 concentrated suspension of epithelial scrapings in salne will usually
femain active for periods up to 24 hours, particularly if hept on ice, At
room temperature the virus is rapidly iactivated 2 but 1t may survive
1ndefinitely in the frozen state 1t
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2 Sclection of ammals for inoculation. There has been considerable
dispute as to which animals can be infected. It is now gencrally agreed,
however, that only monkeys and apes contract experimental teachoma,
and that the experimental disease is unlike the human discase in that
severe ) such as cicatrization and pannus never occur. In
fact, experimental trachoma in monheys is strictly a follicular conjunc-
tivatis which runs a spontancous course to healing, and bestaws no im-
munity. In no experimental antmal is it passible, therefore, to make an
unequisocal cimcal diagnosis of trachoma. Furthermore, as has been
repeatedly pointed out by such obsenvers as Julianelle,!! Wikon,!* and
Bland.'* extrenie cate must be used in wnterpreting the results of monkey
inoculations with trachomatous maternals because of the animals' sus-
ceptibility to a spontaneous follicular disease which may simulate experi-
mental trachoma. This disease, known as spontaneous folliculosis, has
vituated many experiments in trachoma and has made human inoculations
necessary for final inati Closely bling folliculosis 1n
humans, the spontaneous discase consists of a follicular hypertrophy of
the conjunctiva, particulatly of the fornices, with minimal inflammatory
signs
The chimpanzee is by all odds the best experimental animal for
trachoma, but the prohibitive cost of its purchase and care necessitates
the use of monkeys or baboons for most research. The baboon (Papio
hamadryas) has been more satisfactory than the Macacus rhesus since
it is less ible to sp folliculosis and develops an expen-
mental disease easier to recognize clinically Any animal selected for
inoculation should first be examined carefully for evidence of the spon-
tancous disease

3 Routes of inoculation Direct surface inoculation of the conjunc-
tiva is more y than sub ival injection, The material
containing the virus ean be rubbed lightly over the conjunctna Light
massage definitely factlitates infection, although positne inoculations
have been obtained as a result of simple instillation of the infectious ma~
terial into the conjunctival sac

4. Experimental trackoma. The incubation period of experimental
trachoma in the rhesus monkey and baboon 1s usually from I to 3 weehs.
The onset is always insidious, acute trachoma never occurring in the
experimental ammal, which should be observed for a full month after
snoculation before the expenment is declared negative, As noted above,
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expenmenlal trachoma is always self-hmited, but 1ts duration varies
greatly from several months m the rhesus monkey to a year in Lhe
baboon. It is ly difficult to the virus

in epithelial scrapings from experumental trachoma, but even when 1t 15
present 1 too small amounts to be seen, transmission is still possible 16
Animals which have recovered from experimental trachoma are not un-
mune to the disease, and a second 1nfection appears to run very much
the same climcal course as the first.
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1 INTRODUCTION
A GENERAL STATEMENT

Ixcwsmx DLENMORRHEA} or nclusion conjunctisitis, which 15 also

Lnown under 2 vaniety of names such as paratrachoma, genital tra-
choma, acute folicular conjunctivits (inclusion body type), and
swimming-pool conjunctivits, is a virus disease whose principal mam-
Jestations are scen in the newborn baby. It also oecurs m the adolescent
or adult, however, as a form of swimmiz its;
sometimes as an accrdental self-infection from the gemlnurmsry ducast,
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and again without any known source of infection. The disease is self-
limited, running a course from acute onset through a chronic phase to
healing in from 3 to 9 or 10 months. A few cases are on record in which
the clinical manifestations persisted for more than 2 year. The sulfona-
mdes and the medium- and broad-spectrum antibiotics are effective in
therapy

B. Crinicar FEATURES AND DIAGNOSIS

In the nenborn infant, inclusion blennarshea appears from the 5th to the 11th
day after buth as an acute papillary conjunctivitis characterzed by abundant
purulent sccretion The acute phase, which usually lasts from 10 days to 2 weeks,

has alarming ¥ such as b
formation When these subside there is a chronic inflammatory phase which gradu-
ally resolves over a period of several months There are no corneal compheations
and no sequelac except in those cases which have had marked pseudomembrane
formation Some of these show fine conjunctisal scars.

In the adult the chncal mamfestations of the disease differ so sharply from
those 10 the newborn baby that at one me they were thought to constitute a
different disease eatity Inclusion conjunctnitis in the adult 23 is usually an acute
follicular comjunctivitis without the abundant exudate so charactenstic of the -
fection 1n the nesborn Occasionally, however, a more sevete form 18 seen in which
papillary hypertrophy 15 predommant In this type the exudate 15 more abundant,
although never wn the amount seen 1n the inclusion blennorshea of the newborn

Unlike trachoma, which 3t resembles 1o many respects, wclusion blennorhea
cannot be diagnosed with certainty on chinical grounds alone. Laboratory procedures
are essential, the diagnosis being based on the finding of ¢y toplasmic anclusion bodies
wdentical with those of trachoma In the inclusion blennorrhea of the new born, the
finding of these inclusions is pathognomonie since 1n this country trachoma rarely
oceurs 1 the newborn baby and then never as an acute conjunciivitis It 18 the
acute melusion conjunctivitis of the adult that must be dufferentsated from trachoma
The clical findings then complete the picture since the virus of inclusion conjunc-
tvitis does not produce corneal changes, and trachoma wirus invariably does
Laboratory differentiation based on the cytologic picture of expressed follicular
material is also possible, as was described in the section on trachoma

C Tue Virus
The specific cause of nclusion blennorrhea is a virus of the psitta-
cosis-lymphogranuloma group of viruses, now known as C/tlamydaw'c:n
oculogenitale* and id- 3
intracellular colonies «
the inclusion bodues of . , . .
ey
as
Like 1€ LIUHUIIIG stetamsssns sras ane sosir vas oo
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other viruses of the group, the inclusion blennorrhea inclusion has a
glycogen-containing matrix. In general, inclusion blennorrhea virus 1s
much more abundant in the lesions, particularly in the newborn baby,
than s trachoma virus in the lesions of trachoma. This relative abundance
of virus probably accounts for the ease with which filtrations®* # have
been accomplished 1n wnclusion blennorrhea as opposed to the difficulty
encountered with them in trachoma

The pathologic lesions produced by incluston blennorrhea virus are
very similar to those produced by trachoma virus except that the necrotic
changes 1n the cells of the subepithelial ussues which eccur in trachoma,
probably as the result of a soluble toan Liberated by the vitus in the
epithelium, are never produced by inclusion blennorrhea virus

All attempts to cultivate inclusion conjunctivitis virus have failed
up to the present time Unlhke the other viruses of the group, neither
trachoma virus nor inclusion conjunctivitis virus has been cultivable in
the yolk sac of the devcloping chick embryo

So far no one has reported the preservation of inclusion conjunctivitis
virus over a long period of time, although it should be possible to accom-
phish with such modern methods as desiccation w tacuo It 1s certamn
that mclusion conjunctivitis virus, like trachoma virus, 1s ighly sus-
ceptible to drymg Its viability when moist, on the other hand, is clearly
wdicated by its transmissibility® 10 the water of swimming pools At
room tlemperature, however, it fails to remain active, even 1 the moist
state, for periods longer than several hours Only at refrigerator temper-
atures will suspensions of the virus remain actwe for periods up to 24
hours

D TRANSMISSION

Although Chlamydozoon oculogenitale 1s pre-eminently a cause of
ocular infection, 1ts man habitat 1s the genitourinary tract 1 In the
male 1t causes a bemign urethritis, which heals spontaneously after a
period of several months, and in the female 1t causes a type of cervicitis
limited to a narrow strip of epithelium at the external os and to all
practical purposes asymptomatic

Eje fections occur almost invariably as a result of transfer from
the gemtouriary tract to the eye Eye-to-eye transmission!! has been
accomplished experimentally a number of times but has seldom occurred
spontaneously. In the newborn the infection is transferred from the
cenvix of the mother to the baby's eye during bucth; i the adult 1t re-
sults from a transfer of genitournary material to the eye, esther drrectly
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by way of the fingers or indirectly through water as in the case of
swimming-pool infections The epidemiology is strihingly simlar to that
of gonorrheal conjunctivitis. In fact the only difference is the swimming-
pool transnussion, which seems to be based on the fact that although
both agents are highly susceptible to drying, inclusion conjunctivitis
virus is considerably more viable when wet than is the gonococcus, The
virus does not scem to be affected by penicillin when used as a substitute
for the classical Crédé silver nitrate prophylaxis,

Recent studies by Ormsby ¢f al.'* indicate that inclusion conjunce
tivitis in the subsiding stage can be reactivated by the topical use of
cortisone.

1I. ISOLATION AND IDENTIFICATION OF VIRUS

A. PRECAUTIONS FOR WORKERS

Workers with inclusion blennotrhea virus need only evercese ordinary
caution to aveid accidental infection When scrapings or expressions are
being taken from patients or expersmental ammals, the wearing of glasses
should prevent the spattening of infectious material into the eyes. This
is particularly important when working with the newborn baby since
dammed-up secretion very often spurts suddenly from the cyes when
the lids are opened The worher should avoid rubbing his eyes with his
fingers while working with the disease, but ordmary washing of the
hands with soap and water 1s sufficient to remove the virus The d}s?nse

can be saud to be in a nunor way an occ discase of al
and gy logi Accidental infection of niothers and nurses has also
occurred.

B. TvPEs or PrROCEDURL

The following laboratory procedures are useful for diagnostic and
i 1 m inclusion blennorrhea:

1. Epithclial scrapings for morphologic demonstration of the virus.

2. Follicular expressions for cytologic studies and differential diag-
nosis from trachoma.

3. Secretion smears for diagnosis in acute cases and in inclusion
urethritis m the male.

4. Animal inoculations for esperimental purposes and in the diag-

nosis of inclusion urethritis in the male. i
As with trachoma virus, the strictly cpithelial leealization of inclu-



INCLUSION BLENNGRRHEA 449

sion blennorthea virus makes epithehal scrapings much more effective
for its morphologic demonstration than follicular expressions, The
Iatter are useful, however, for cytologic studies and for differentiating
inclusion conjunctivitis from trachoma on the basis of cell reaction. For
a description of the method of prepanng follicular expressions and of
the cytology of the expressed material from both inclusion blennorrhea
and trachoma, the reader is veferred fo the section on trachoma.
Secandary bactenal mfection is uncommon in inclusion conjunc-
uvitis and of no significance in its management, although before the
Crédé method of prophylaxis came mlo general use cases of mixed
inclusion and hthalmia were i
seen Routine examination of Secvetion smears and cultures are, there-
fore, of unly secondary importance. In acute cases smears may suffice
for diagnostic purposes, but epathelial scrapings are always to be pre-
ferred Smears have special utility in the diagnosss of inclusion urethritis,
however, since urethral scrapings are usually impossible to obtan
Ammal i 1l are made for | purposes
but have some practical utility mn the diagnosis of the genitourinary
disease, especially the non:pecific urethntis in the male in which micro-
scopic diagnosis 15 dafficult

C  PREPARATION AND EXAMINATION OF EFITHELIAL SCRAPINGS

1 Sources of material The best source of virus 1s pooled epithelial
scrapings from cass of mnclusion blennorhea in the newborn Although
1bis 15 the best source of a high concentration of virus, Jess highly con-
centrated virus-contamming matenal can also be obtained from inclusion
conjunclivitis of the adult, more abundantly from the papilary type,
and from the genitounnary disease n both male and female As it is
usually not possible to obtan urethral scrapings in the male, the urethral
esudate must be examined instead The virus is often m such low con-
centration 1n the exudate that it 1s quite difficult to see it in smears,
although the same matenal will usually be infectious for baboons Cervical
anfections, on the other hand, yield epithelial scrapings which frequently
show a high concentration of virus

As was mentioned in the section on trachoma, the two viruses differ
with respect to their maximum localization, trachoma irus tending to
locnhm in the conjunctiva of the upper lid pred and inclusion

virus in the conjunctiva of the Jower hd predominantly,
Inclusion blennorrhea scrapings should, therefore, always be taken from
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by way of the fingers or indircetly through water as in the case of
sui 1 inf The epidemiology is steskingly simdar to that
of gonorrhcal cenjunctivitis, In fact the only difference is the swimmisg-
pool transmission, which scems 1o be based on the fact that although
both agents are hughly susceptible to drying, inclusion conjuncivitis
virus 15 considerabily more vaable when wet than is the gonococcus The
wvirus does not scem to be affected by penicihn whea wed as a substitwte
{or the classical Crédé silver nitrate prophylaxis.

Recent studies by Ormsby ef al1? mdicate that inclusion conjunc-
tivitis in the subsiding stage can be reactisated by the topical use of
cartisone.

H ISOLATION AND IDENTIFICATION OF VIRUS

A, PrECAUTIONS FOR WORKERS

Workers with inctusion blennorrhea virus need only exercise ordinasy
caution to avoid accidental infection, When scrapings or expsessions are
being taken from patients or experimental animals, the wearing of glasses
should prevent the spattering of wfectious matecial inta the eyes. This
15 particularly swportant when worhing with the newbom baby since
dammed-up secretion 1ery offen spurts suddenly from ihe eyes when
the bids are opened. The worher should avaid rublung s eyes mith bis
fingers while working with the discase, but ordwnary washing of the
hands with soap and water is sufficient to remore the virus The dtsease
can be s21d to be in 2 minor way an § disease of ob
and gynecologists Accidental infection of mothers and nurses has also
ocourred.

B Tires oF Procepure
The following labomtﬂry proctdures are usc[ul for dingnostic and
experimental purp in

1, Epitheliol serap for morphologic ¢ of the virus.

2. Fofticulor expresssons for cytologic studies und differential disge
nosis from trachoma,
3. Sccrction smeors for diaguosis in acute cases and s inclusion
urethritis in the male.
4, dnimal wocdations for experimental purpases and the disg-
nosis of inghusion wrethritis w the male
‘As with trachama virus, the strictly epithelial localization of wels-
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of inclusion blennorrhea consists at least 1n large part of glycogen, which
takes a reddish brown stain with Lugol's solution

D Anruar INOCULATIONS

! Expermental wclusion congunctrustis Like trachoma virus, in-
clusion conjunctivitis virus has been transmitted only to monkeys and
apes Unhke expenimental trachoma, however, experimental inclusion
conjunctivitis (Fig 4) resembles closely the human disease, particularly
the acute folhcular conjunctivitis of the adult Thus, inoculation of the
conjunchiva of the baboon with infectious material results, after an in-
cubation period of a week to 10 days, n a folhcular conjunctinitss,
rather subacute in character, which runs a course over a period of sev-
eral months and heals spontaneously without residuals During the first
few weeks of the experimental disease, the virus 15 readily demonstrable
m epthelial scrapings As the disease progresses virus demonstration in
sCrapings becomes wcreasingly difficult, but the existence of the infec-
tion can be established by transfer of the disease to other esperimental
ammals Lihe ] trachoma, 1 inclusion conguncti-
vitts heals spontaneously without immumity Baboons, far example, have
been infected with the virus repeatedly, and the disease has run a char-
actenstic course with each jon without
modification

Animal :noculation appears to have no practical sigmficance except
n the diagnosis of the gemtourinary disease, particularly of the non-
specific urethntis m the male Owing to the small amount of virus
the exudate, as well as to the difficulty of obtaming epsthelial scrapings
from the urethra, baboon inaculation has been found to be a practical
procedure

2 Sources of confusson Asin the study of trachoma by ammal inocu-
lation, the mam squtce of canfustan 1s the presence of a spontancous
folliculosis which may simulate experimental trachoma or experimental
mclusion conjunctivitis. Fortunately, the sklled observer finds the sim-
slanities not too great Enperd 1nclusion 15, with ats
subacute onset and characterist:c course, combined with the presence of
mclusion bodies 1n epithelial scrapings 16 the early snges of the disease,
18 tather readily from the il Every
effort should be made, howeser, to obtan ammals which are free from
the spontaneous disease
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the conjunctiva of the lower Id and fornix and during the period of
greatest disease activity; that is, the early acute stage, which usually
lasts from 1 to 2 weehs The amount of virus diminishes rapidly as the
disease progresses.

As noted above, inclusion blennorrhea virus in normal salt solution
can be hept refrigerated for periods up to 24 hours. Under ordinary
circumstances, however, material should be used immediately after its
collection,

2. Staimng mcthods Inclusion blennorrhea virus has the same tinc-
torial properties as the other viruses of the psittacosis-lymphegranuloma
venereum group, While Giemsa’s method, described in detail ia the
section on trachoma, has been used more widely in the study of this
virus than any other method, Wright's stain has also been employed
with success, and the reader is referred to the chapters on “Psittacosis”
and “Lymphogranuloma Venereum” for descriptions of this and a number
of other elementary body stains which have been used in the study of
various members of the group

The rodine stain, which brings out the carbohydrate matrix of the
mclusion body, has less utility in this discase than in trachoma, since
the inclusions are usually {ently to be picked up readily
in Giemsa-stained preparations under high magmfication The glycogen
staning of these two types of inclusion bodies, howeser, is interesting
as the chief property differentiating them from the inclusions of other
viruses of this group.

3 Morphology of the virus Inclusion conjunctivitis virus is indis-
tinguishable morphologically from psittacosis virus, lymphogranuloma
venereum virus, and the other viruses of the group. In Giemsa-stained
smears of exudate from acute cases 1t appears in the form of elementary
and initial bodies, a combination which gives a picture so characteristic
as to be diagnostic In Giemsa-stained epithelial scrapings the virus is
seen extracellularly as elementary bodies (Fig. 2) and intracellularly as

cent of the epithelial ceils may be infected. Multiple infection of epithe-
Jtal cells also occurs, sometimes as many as 3 or 4 inclusions developing
in a single cell Like the trachoma virus inclusion, but unlihe the melu-
sions of the other viruses of the group, the matrix of the inclusion body
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1n inoculation experiments on the habioon the only visus diseases to be suled

out are trackoma and Iyph venereum U Lhere 15 at pres~

ent no known way to distinguish experumental trachoma from experimental inclusion

<onyunctivitis except by human moculation, since both discases 1n animals are essen~

tially an acute follicular conjunctisitis without pannus or scarnng. Lympbogranus

Joma semereum virus tuught cause confusion, since it {s occasonally found in

wrqthritis. E: tymph enercum ius of

the baboon, however, bears Little or no chiawal tesemblance to the acute folleular

of inclusion bl in baboons Another way of distnguishing

these 2 viruses would be by means of the dulferential stasnung of the inclusion bodies.

The inclusion body of [ymphogranufoma vencreum does not bave the carbohydrate,

glycogen-stainang matnx charactenstic of the incdlusion bodies of inclusion conjune-
uvitis and trachoma.

E Serorocic PROCEDURES

Inclusion conjunctivitis virus has no more ability to induce immuno-
fogic reactions than has trachoma virus, There is no hypersensitivity
shin teaction and, except for the presence of group complement-fixing
bodies as demanstrated by Rake, Shaffer, and Thygeson,'s there have
been no serologic findings These complement-fixing bodies are of low
order and have no tole in the laboratory diagnosis of the disease.
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1. INTRODUCTION

E’m ULOMA YINEREUM, Jymph ) inguinale, or cli-
matic bube is a venereal disease. In its characteristic form 1t begins
with a primary small and ieat vesicle on the genital

which, especially in the female, is frequently unnoticed. This is followed
in from 6 to 50 days by painful swelling of the regional inguinal lymph
nodes, which will usually suppurate and drain through the overlying shin
if left untreated. ‘Fhe whole course is commonly run without fever, but
an acute febrile attack may be associated with the primary lesion, or a
low grade and prolonged fever may complicate the adenitis.

A Crinicar FEATURES

More rately the discase is protean, There may be acute septicemic
episodes at the onset, particularly in laboratory infections where dosage
may be an important factor, and these may result in meningitis or pneu-
momtis The primary attack may occur in the mouth, due to unnatural
sexual practices or laboratory infections, and 1s sometimes highly de-
structive in this site, or 1t may occur in the eye also as a result of

1 , where 1t produces a highly destructive, disease dis-
tinguishable with difficulty from acute trachoma. Particularly w the
female the spread of the disease to the pelvic lymph nodes, or a primary
implantation in the rectum, leads to chronic elephantiasis of the geni-
taha, esthiomene, anal fistula, and rectal stricture.

The ible agent dfsyag la lymp, I is 1 can be
isolated from a primary lesion in the eye and probably from other
primary lesions 1f these are seen and recognized. It 1s more usually ob-
tained, however, from the secondanly infected tissue—lymph nodes,
anorectal tissue, or spinal fluid. It should be looked for in any case of

o
lhe anus or rectum, The exclusmn of other venereal diseases producing

similar lesions 1s important The disease though more frequent in Negro
males is not limited to any race or to sex.

B. THE AcEnT

The usual form of the agent is a small coccoid body about 300 my m
diameter, staimng with amiline dyes, gram negative, and visible with the
light mucroscope. It can also be studied with the electron microscope
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where 1t appears spherical, with limiting membrane and central irregular
denser area. Under the conditions required for electron microscopy, the
elementary body appears wninkled and collapsed as though a loss of
flwd had occurred. Inside a cell this elementary body may not be dis-
tinguishable as such since, particularly in the early stages of infection,
1t is enclosed within an inclusion body which consists of a dense matrix
derived either from the agent or from the cell—possibly from both Par-
ticularly dunng the early stages of the infection, initial bodies about 1
n diameter are often found Each imtial body appears to consist of an
elementary body with a surrounding mantle of matricial matenial.

C Parmorocic Lesions

In the early stages of infection the charactenstic lesion is that n the
mguinal nodes They become enlarged and matted together with a dense
periadenitis At a later stage, abscess formation 15 usual, and complicat-
g hemorrhage may occur On section various stages of nonspecific
mflammation are found, even to complete destruction, but the typical
lesions are small foc1 of epitheliond cells and some giant cells, not unlike
tubercles or early gummata These epitheltoid focs are the site of multipli-
cation of the agent and in them originate the abscesses which complicate
the later picture of the lesion Within the epithelioid monocytes may be
found the charactenistic inclusions within which, as hay been indicated
above, the elementary bodies are embedded

11 ISOLATION AND IDENTIFICATION OF THE AGENT

A PRECAUTIONS FOR \VORKERS

The agent 15 highly for man L i ions have
occurred through lesions on the hands and through the oral cavity ? Vac~
cination with such vaccines as bave been available has not proved an
efficacious prophylactic The newer antibiotics such as tetracyclin, how-
ever, are hughly effective in controlling the clical disease It is ques-
tionable how {requently such chemotherapy actually clears the tissues of
the agent, and serologic studies suggest that a permanent or very pro-
longed carricr state usually occurs In handling material suspected of con-
taining this agent, larly 1n high ¢ o, 1t is
that the workers wear goggles or translucent face masks, Rubber gloves
may be preferred but are likely to confer a false sense of secunity and to
render the worker clumsier The agent 1s considerably more resistant and
stable than is indicated 1 the Wierature.
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B. COLLECTION AND PREPARATION oF MATERIAL

As stated above, the most common sources of material for isolation
of the agent are bubo pus, biopsy material from inflamed node or ano-
rectal tissue, and cercbrospinal fluid. When collecting any such tissues
one should exert great care to avoid bacterial contamination. When such
precautions are adopted spinal fluid should always be free of bactena;
tissue or pus from hodes irec in 80 to 85 per cent of instances 3* and ano-
rectal tissue usually contaminated. To ensure the highest proportion of
positive isolations, however, aseptic technic, rather than indiscriminate
use of sulfonamides or antiscptics, should be used. The specimens should
be shipped in closely sealed glass containers within double mailing cases.
Freezing the materal is desirable but should be avoided unless mainte-
nance of the frozen state can be assured until the spectmen teaches the
Iaboratory.

1f samples are potentially contaminated with bacteria, further treat-
ment is required before they can be used for inoculation. The agent of
lymphogranuloma venereum is susceptible to commercial pemcillin, but
the concentrations required belore any effect is observed (in vitre 2,250
u/ml 5 and in vive 50 u/ml.%) are much higher than those required for
antibacterial action. Also streptomycin in our experience has had no
effect on the agent even with concentrations as high as 3,500 u/m! in
vitro or 20,000 u/ml. in vavo.® Material 1n which bacterial contamination
is suspected may, therefore, be treated with final concentrations as high
as 1,000 untts of pemcillin and 3,000 units of streptomycia per ml. in
vitro before animal inoculation

C. INOCULATION AND OBSERVATION

Two inoculatian technics have proved most effective in isolation of
the agent—the intracercbral inoculation of mice and the injection into
the yolk sac of chich embryos. Although the last-named method is
more sensitive for the detection of small numbers of mfective umts of
established strains, the greater suscepuibihity of the chicken embryo,
compared with that of mice, to bacterial contaminants 1s a great disad-
vantage, DMoreover, other work has suggested that the intracerebral
inoculation of mice 1s more sensitive in the isolation of new strains than
is the yolk sac technic.* For both these reasons mice would seem to be
the animals of choice in the 1noculation procedure. Guinea pigs have also
been used? but seem to offer no advantages over mice

Most mice are suscephible to the agent inoculated ntracerebrally,
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but the Swiss albino 15 markedly so and is suggested for use Care must
be taken to avoid stocks of mice spontaneously infected with Miyagaica-
nella bronchopncumoniae® (the agent of mouse bronchopneumonia—
Gonnert ?) or any other member of the genus Miyagawanella ® related
to the agent of lymphogranuloma venereum

Of muce Young 14 to 16 gm ammals are preferred Thbe sample, if of pus
or tissue treated as suggested with percdlin and streptomycin, 15 prepared in both
10 and 50 per cent suspensions n normal egg yolk by gnnding with alundum
Spinal fluid is used undiluted and diluted 1 10 Quarter m) synnges with J4-inch
27-gauge ncedles are used The mice are Lightly anesthetized, the fur over the skull
moustened with 70 per cent alcobol on a swab, and each of the ammals then mocu-
lated with 004 ml , wath the needle inserted barely through the shull Atleast five mice
are inoculated with each dilution They are then observed carefully at least twice a
day for the nest 10 davs Spectfically infected mice will show on Lhe 2d, 3d, or
subsequent days rufled fur, loss of weight, and a hunched-back gait Such mice
should be Willed, and the brains removed aseptically Smears or, better, smpressions
©f pieces of the cerebral cortex and meninges are made on a clean shde and staned
with Macchiavello or Giemsa stan (see p 458) The rest of the brain 1s ground
stenlely without abrasive, and a 10 per cent suspension 13 prepared i broth or
normal yolk Thus materral 1s passed to 14 to 16 g animals as 2bove and s eggs
by the 3olk sac route If no sichness develops, and thus 1s particularly hable to eccur
 the first or 1solation passage, the brams of the muce are nevertheless passed on
the 10th day to new muce and to cgs by the jolk sac route

The number of “blind” passages to be made 1s open to question In
our expenence, however, tf a stram of the agent of lymphogranuloma
\enereum 15 not established by the third passage, no strain has ulti-
mately been derived no matter how many passages are made

2 O chick embryos For pnmary or subsequent inoculation nto the yolk sac
of chick embryos, eggs of 6 days’ prior 1cubation are chosen They are candled
to cnsure hive, healthy embryos, and the air sac 1s marked off A dnil hole over the
end of the aur sac 1 made up to but not through the shell membrane Matenal pre-
pared as for ntracerebral wnoculation 1nto muce 18 used, and 1 ml of each dilution 13
noculated into the 3 olk sac of each of § egss The cggs are candled twwce a day Deaths
within the first 48 hours are almost certanly nonspeaific o are due to bactenal con-
tamanation, but all eggs are harvested, smears are prepared from the yolk sacs and
staned, and the yolk sacs are hept until a microscopic diagnosis 18 made All yolk sacs
{from embryas dying after 96 hours, if not bactertally infected, are passed 10 10 per
cent suspension in normal yolk to 3 normal embryos by the yolk sac route In our
;lj::jm(e 2 further passages bave established all strans which will become estab

D PATHOLOGIC SPECIMENS AND SMEARS

L. Preparation Smeats or impressions of mouse cerebrum or embnyo
yolk sac are prepared on clean glass shides, they are then fixed with
hgbt heat by passing the slide rapudly several times through a Bunsen
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flame. Before making a smear of yolk sac, excess 3 olk should be removed
by light impression on a gauze square Several stains are suitable, par-
ticularly Giemsa and Macchiavello. In general the Macchiavello stain
has proved the more satisfactory and is used routiaely.

2. Stains.

a Giemsa stawns for smears. The smears are immersed in 95 per cent ethyl alcahol
The shde is then flooded with Giemsa stain® diluted with equal parts 1.20,000
Na,CO, salution Warm shde to gentle steamung and allow to cool for 10 minutes
Wash wigorously with hot running tap water to remove precipitate. Blot dry.

b Macchiavello stain for smears.

(1) 0.26 per cent solution of basic fuchun in phosphate bulfer M/S pH 74
Gnnd fuchan i mortar and add buffer gradually

(2} 05 per cent utnc acid solution

{3) 1 per cent aqucous methylene blue >

The heated and cooled smears are flooded with solution 1 filtered through filter
paper (Schlexcher and Schull No 595) directly onto the shde. After 4 munutes the
«tatn 15 washed off with the aitric and Wash rapidly 1n water, stain for 10 seconds
n methylene blue, wash in water and dry

Smiears should be examined with a good ol immersion lens at a
magnification not less than 900, The elementary bodics, ca. 300 mp i
diameter, and the less numerous initial bodies, ca. 1 a in diameter, will
be seen, some within cells but for the most part lying free. With Mac-
chiavello stain the elementary bodies are red (a few will be blue), and
the initial bodies blue or red. Within the cells the former often appear as
dense clusters within vacuoles or embedded, and scarcely visible, \rithi.n
the matrix of inclusion bodies. When free and not very numerous, as is
often the case with impressions of mouse brains, they will tend to occur 1
loosely scattered groups in one out of many fields When more numerous,
as from heavily infected yolk sacs, they are seen m pairs, chains, or
densely packed morulae as well as singly. .

Fixed specimens of bram or yolk sac may also be prepared for micro-
scopic examination, but these are usually not so wnformative as are
smears, and, furthermore, entail delay. Noble’s stain!? is suggested as
the most satisfactory for stained preparations, and, for this, formalin or,
preferably, Helly's fluid fixation is required, with subsequent paraffin
embedding.

c. Noble’ '
sojution and
134 minutes -

—_—
+ Guemsa's spirochete stamn from Hynson, Westott, and Dunning, Baltmore, Marz-
land, has gt e satisfactory. results
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§ minutes Rinse lightly and counterstain with 1 pee cent methyl green for S munutes
Differenuiate rapidly 1n 95 per cent alcohol, pass rapdly through absolute alcohol
wte xylene, and mount in balsam

bodies are stained red with Noble’s stain and may appear 1 uttisc vus-
ters within vacuoles or may be embedded in the capsule-like matrix of
the plaques, which stains green For more detailed description of the
microscopic appearance, see Rahe and Jones ** Cell granules and cellular
debris may cause trouble 1n diagnosis far the less experienced mesti-
gator, but the charactenstic size, distnbution, and staming of the badies
in heavily or moderately infected tissues s unlikely ta be confused with
anything else, particularly by those with previous expenence Pappen-
heimer, Molloy, and Rose have described the appearance m the yolk
cells of granules produced by certamn technics of fixation and staming,
the nature of which 1s uncertamm 2 These might cause confusion where
encountered but normally do not do so

Cl though the hology and the stawnng may be, it is
unfortunately shared by all the Msyagawanellae and even by the Chlamy-
dia such as C trachomatis or C oculogemtale (agent of inclusion
blennorrhea®), In order, therefore, that identification may be complete
the agent must be 1solated Even tf the mouse 1s used for prnimary isola.
uon, adaptation to the yolk sac of the chich embryo should be carned
out early Yolk sac matenal s easier to handle and contams nearly a
mullion times as much of the agent per gram as does mouse brain

In those cases in which successiul isolation 15 not achieved, positine
diagnnes of the case from which the issue or other material came may be

Branu

@ Sarrnnn e e e
the unknown sample contains tnactivated agent or soluble antigen,? cases
of Iy mphogranufoma will react to 1t in the same manner as to the antigens
usually employ ed for shin test (seep 461)

E. IDENTIFICATION

There are two principal ways in which specific identification can be
obtained after an agent is 1solated.

1. Toxin-entstoxmn. The f\rst g lhe toxm-antitoxin neutralization
test.13 14 3y, lymphog , 1 commen with the




460 DIAGNQSTIC PROCEDURES

other Miyagawanellae which have been studied, produces a specific toxic
factor.'*14 The lethal effect of this on intravenous inoculation can be neu-
tralized specifically by homologous antitoxin produced in rabbits or in
chichens. Neutralization can be carried out in vivo by passive transfer

ferabl

of protection or in vitro. For ical purg invitrois

Equal amounts of g ¢n diluttons of antitoxic serum in normal yolk and embrye
fluids and of toxin diluted in the same yolk and fluids to contan 4 M.L.D, per
0S m) are thoroughly mixed and allowed to stand for 2 hours at room temperature,
Tuchve to 14 gm mice are moculated mtravenously with 05 ml amounts of the
mixtures As contrals and to determine the exact number of toxic units used, mice are
woculated with mixtures of equal parts of the same toxic suspensions and of the
same didutions of normal human or rabbit serum as those of the test scra, These
control materials after standing at room temperature for 2 houts ace {urther diluted
2-fold, 4-lold, and 8-fold in normal yolk and fluids and then are anoculated ntra-
venously i 05 m) amounts

2 Neutralization with chicken antisera. The second specific method
lies in the use of chicken antisera Unhhe rabbit sera, which fail to give
satisfactory neutralization of the infectious activity of the Miyegowa-
nellae, sera prepared by intrapentoneal inoculation of the cbichen give
good neutralization and have a high specificity.X®

Immune serum * Following blecding, chickens are
njected intrapentoneally 3 tames a week with 30 ml. of 20 per cent saline suspen-
sions of yolk sac or mouse lung heavily infected wth Af, lymphogranulomatons ot
other destred agent of the group Five days following the last injection, the chichens
are bled Injections are repeated until the scrums have satisfactory meutralang
antibody titers Fafteen injections have been found suffiient although very few
njeckions may give satisfactory sera

Determingtion of neutralizing titer of ymmune sers Undiluted mmmune serum
is mized with equal volumes of serial 10-fold dilutions of heawily infected tissue
beginmng with a 15 cilution of tissue Mixtures of infected tissue and normal
serum should be meluded for control Following incubation at 22% C. for 1 bour,
003 ml of each of the mixtures 1s moculated intranasally into six 7 to 10 gr. mice
under ght ether anesthesia

Mice under test with M Iymphogranulomatosis should be observed for § or 6
days, 10 days® observation has proved more desitable for other members of the
group, All mice that die, as well as those that are still hving at the end of the ob-
servation period, are examined for pulmonary lestons The serum titer is expressed
numerically as the difference between the activity of normal and immune serum 1
terms of protection based eithet on mean infectivity score 8 or LD g The infectivity
score appears 1o be the more satisfactory method of expressing the titer because of
the greater reproducibility of the numerical value

= For this and the follawing description the author 1s mdebted to Dr Maurice R
Hilleman
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Neutralization by the intracerebral technic is Ukewse demonstrable for those
varuses which iafect by that raute Groups of six 15 to 20 gm muce are wmoculated
antracercbrally with 0.03 ml of the virus-scrum mixtures descrabed above and are
observed for 21 days Titer 18 expressed 1 terms of LD gy neutralized.

In a Wmited number of tests to date, using the ntracerebral techoe, definite
neatralzation has been demonstrated The intranasal test appeared to be more satis-
factory, however, i that 2 greater numengcal value for neutralzation was obtawed
Highly quantitative and readsly reproducible zesults are obtamable by the wmtra-
nasal method.

Hypenmmupe chicken sera also give agglutination of homologous clementary
bodies as do Tabbit antisera,!® but the speafiaty of such agglutnation reactians
remains to be determined

3. Other characterisics Quite apart from the ahove methods are
others by which the agents of the M;; lloe may be hed.
Thcse depend on sulfonamide suscepubl.hly and llssue tropisms ¥4 3f

1 as 1s also Af
brnn:lmpncuwomae 17 and some strams of M. ;muan 8 Chlomydium
and € le are not idered since they have not
been grown outside the buman host In tissue lroplsms for example M
bsittaci infects mice and M
does not, M. bronchopneumonae fails to infect mice intracerebrally al-
though M dymphogranulomatosss infects readily by this route,

F. VIABILITY or AGENT AND PRESERVATION

The agent is remarhably stable. It can be kept at 0° to 5° C. for
periods up to weeks in pus, n yolk, or 1 less switable fiuids such as broth
or even physiologic saline, wath hittle if any loss of actmaty At —72° C
the stability 15 much greater, and in yolk no change in activity has been
detected in 3 months at this temperature, Storage at —32° C 1s less
satisfactory probably because of slow changes to and {rom frozen to
thawed state which occur at this temperature Dred from the frozen
state the agent has remained viable in our experience for over 2 years with
little change in activity.

111, IMMUNOLOGIC DIAGNOSIS OF THE DISEASE

A, Sxrv Test

The classical method of diagnosis of lymphogranuloma yeoereum
depends on a sensitivity reaction, in the skin of infected persons, to an
antigen contaiming inactivated agent. As orginally described by Frei,’®
this was cartied out with fnactivated human pus. Later the use of 1n-
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fected mouse brain was suggested ** Today the diagnostic material for
the skin test is usually prepared from heavily infected yolk sacs.?! The
yolk sac antigen is standardized by prior testing on known positive and
negative reactors and is diluted to gise, in known positives, an intra-
dermal reaction of suitable intensity. A control antigen is similarly
prepared from normal yolk sacs,

Intradermal injections of 81 ml amounts of both speaific and wormal sntiges
are made into the flexor surface of the forearm The reaction is read in 48 bours, at
which time the central induration or papule is measured, and the surzounding
erythema ts ignored Prosided that no fndurated or papular response to the posmal
antigen occurs, a papule of 6 mm. or greater is sgruficant,

The yolk sac antigen has proved more sensitive than that prepared
fram mouse brain in the detection of the disease. The skin test has praved
most useful in diagnosis and in carrying out epidemiologic studies
though it 1s less sensitive than the complement fixation test, Cross sensi-
tvity in the skin test does occur in infections due te other Miyegeuwas-
nellae®® but has not been detected in other than these infections. A pro-
portion of individuals are sensitive to normal yolk, however, and will react
to this component in the antigen, The inclusion of a normal yolk control
in the test should eliminate possible error due to such yolk sensitivity
Barwell 2 has shown that treatment of the agent with 0.02 normal HCI
will extract an antigen which gives a specific skim sensitivity test, that is,
without cross reaction infections due to other Miyegawancliae.

B. CoMpLEMENT FrxatioN TesT
More recently the complement fixation test has been widely used for
is of lymph 24 In this case inactivated ma-
temal from heavily infected mouse lung or yolk sac, preferably the yolk
sac, is used Other materials are not satisfactory because the concentra-
tion of specific antigen is too low.

In the earlier experiments nfected yolk sac antigen and normal yolk
sac control were treated with 0.1 per cent formalin in saline to inactivate
the elementary bodies, Other methods of inactivation have been sug-
gested, and the method finally recommended makes use of phenol and s
based on the origmal work of Nigg.2578 It has the advantage of enhancing
the activity of a given suspension of the agent and avoids, certainly to a
large degree, those nonspecific reactions in early syphilis in “bidl‘ both
specific and normal antigen give fixation,*? and in which no diagnosis can
be made. The method ded by Nigg and Hill for prepar-
ing the antigen is as follows.*
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A suspension of yolk sac membranes heavily infected with M Iymphogranu-
lomatos is treated ta contain 0.5 per cent phenol {n a 10 per cent suspension of tissue
Incubation of the suspension at 37* C for 3 weehs serves Lo 1nactivate the agent
and to bring about a 16- to 32-fold enhancement of complement-fixing reactivity
Heating fully enhanced phenolized antigen 1n boiing water for 20 to 30 munutes
increases its avidity for lymphogranuloma vencreurn serum without change in titer

of the agent 13 d by 06 mt of a15 dilution
of the 10 per cent phenolized suspensions 1n the yolk sacs of twelve 6-day embryes
The embryos are incubated for 12 days at 37* C Deathy oceurnng within the first
2 days after moculation are considercd noaspeafic At least 10 of the 12 embryos
must temain alne for 12 days after woculation, and Microscopic €xamnation mMust
rule out the presence of the agent

Control antigens are prepared 10 identical tmanser from nosmal yolk sacs of
embryos of about the same age as the ifected embryos

For use 1n the complement fixation test, stock commercial antigen
prepared as above is diluted to give 1 umt in 02 ml , or, if prepared
personally, is difuted so that it is not anticomplementary, gives defimte
reactions with hnown weakly positive sera, and gives no veaction with
known normal sera Normal control antigen 1s diluted to the same extent

Guinea pig serum (fresh or frozen) 1s used as complement. Just
before use it is titrated and diluted so that 2 umts are contained n 0 2 ml
This is usually obtained with | 20to t 30 difution

To reduce anticomplementary behavior of human sera to be tested,
these are inactnated at §6° or 60° C for 20 minutes immediately before
use Tests are set up as serum titrations and 2-fold dilutions of the sera
in phj siologic saline are prepared, starting at § 2

The hemoly tic ndicator system consists of 02 ml of a 3 per cent
suspension of washed sheep red cells sensitized for 30 minutes at 37° C
with minmal hemolytic doses of antisheep cell rabbit amboceptor

The reagents in 02 wl amaunts are added (o a series of tubes in the following
order diluted serum, 2 utits of complement, speaific antigen A control series 1 set
up 1n cach instance i which normal yolh sac matenal replaces the spec.fic antigen,
and suitable controls are also employed (o exclude anticomplementary of hemoly tic
action of snugen or serur (at the highest concentration tested) as well as Lo
demanstcate the activity of the complement on the hemolylic indicator

Atter incubation of 75 runutes in & 37° C Water bath, 02 ml of the hemolytic
indicator is added Rradings for fixation (inhibition of hemolysis) are made after
an additional incubation at 37° C for 30 minutes Only tests should be considered
n which all controls are satisfactory

The test has proved a more sensitive diagnostic method than the

intradermal test, That this 1s so can be shown in those cases which are
observed from the earliest period alter inlection, Under these circum-
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stances the complement fixation test becomes positive before the intra-
dermal and, in event of successfu) therapy—and also, one would presume,
in cure—the intrad 1 test will become negative before
the complement fixation reaction. It is not clear whether these two
reactions depend on different antibody-antigen reactions or whether the
differences merely represent a quantitatise difference in threshold, What
evidence there is points to the former 330

‘Three main soutces of error occur, two of which can be excluded by
the use of the control antigen and one of which cannot, Sera from persons
sensitive to certain conshituents of normal yolk or yolk sac will react
nonspecifically with both specific and control antigens, There is also a
group of sera from syphilitic individuals in the early stages of the disease
which shows a simlar fixation with both anugens (see p. 462). The use of
Phenolized enhanced anligen avoids most if not all of the Jatter nonspe-
cific reactions. In any case they disappear later in the course of the
syphihs or following cure,

The third source of error occurs in individuals with latent or overt
infection with other members of the fanuly Chlamydaceae**! The
predominant antigen is a group antigen which is common to all described
members of the genera Chlamydozoon and Miyagawancila. Fixation with
sera from such cases will be nonspecific within the group, but there will
be no reaction with the normal yolk antigen At the moment methods so
to purify the antigen complex as to remove the group antigen or antigens
have been described only at the laboratory level and are not practical for
Toutine use. Serum absorption studies have also been employed with
steamed suspensions of elementary bodies but do not appear suitable for
routine use. Hemagglutination-inhibition and indirect complement fixa-
tion tests have been described3® Neither, howeves, offers any practical
advantages over the ordinary complement fixation test for the diagnosis
of lymphogranuloma vencreum {n man.

‘Apart from these three sources of error the fest is bighly useful.
Many cases of latent infection are uncovered, particulatly in venereally
infected persons, (i.e., with syphilis, gonorthoea, or other venercal dis+
eases) even among those whose intradermal tests are negative. Exten-
sive cpidemiologic studies are now possible so that sera collected
for W or fot ather serologic tests for syphilis, may be utilized
for such surveys. It is not possible to say with certainty what level of
serum dilution should be taken as the one beyond which a positive re-
action indicates defimite prior and continuing infection with some m.cmbct
of this group. Opinions differ on this point, We believe it. to be significant
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1f fixation 15 obtained at dilutions of 1.4 or above, Mollaret® and others
have stated that a certain proportion, about 50 per cent, of cases of
cat scratch dxsease give a positive complement fixation test with antigen
of I The of this cbservation is
not clear although Mollaret believes it to be due to the fact that the
etiologic agent of cat scratch disease belongs to the Chlamydaceae. Evi-
dence on this point, however, 1s very slight

C Nzurrarization or Toxm

One other test on sera from cases of lymphogranuloma venereum has
been used and may pro¥e to bave practical value. This is the specific
neutralization of the tosic factor by antibodies in the serum, Little in-
vestigation of this point has been carried out, but what has been accom-
plished shows that such antihodies appear relatively soon after infection
and are as specific as are the hyperimmune antibodtes to the toxic {actor
produced in rahbits or chickens 14
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1. ANEMIA, EQUINE INFECTIOUS (Swamp Feser of Horses,
Equine “Malaria,” Pernicious Anemua of Horses)

Equine infectious anemva is an acute or chronic febrile disease of
horses characterized by progressive anemia, edema, and emaciation, It
is rarely transoutted to man.! Equine species are susceptible to the dis-
ease; ordinary laboratory animals are not.)? Laboratory diagnosis?® of
the illness in man is accomplished by the demonstration of the typical
disease 1n borses after subcutaneous injection of 25 ml. or more of
filtered serum from the patient taken duning the acute phase of the ill-
ness. The test horses should be observed for at least 60 days in an iso-
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3 Complement fixation test

a Antigen

b Positive control serum

¢ Complement fixation procedure
4 Hemagglutination-inhibition test
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VIII  Foor-asp-Movura Disease
A Introduction
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2 Serodiagnosis
a Serum neutralzation test
b Complement fixation test

IX  EroeMic VIRAL GASTROLNTIRITIS

X Virar Hirarms A axo B
A Introduction
B Laboratory Diagnosis

XI Eroeaic KERATOCONJUNCINITIS
A Introduction
B Laboratory Diagnosis

XII Measies

XIML. Mortuscuss CONTAGIOSUM
A Introduction
B Laboratory Diagnosis
1 Microscopic examination of matersal from the lesions
2 Complement fixation test

XIV  Monosvcrross, INFECTIOUS
A. Introduction
B Blood Picture
C. Serodlagnosi
1 Standard heterophile agglutination test .
2, Absorption test to determine type of heterophile agglutinin
a Absorbing reagents
(1) Guinea pig kidney
(2) Beef ery throcytes
b Absorption technsc
¢ Interpretation of test results
3. Rapid test for heterophile antibody
a. Evans test
b Tannen’s and Glassy’s tests
¢ Mason'stest
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Intradermal snjection of 01 ml of antigen gives nse in 48 hours to a papule 0.5 to
10 cm in diameter or an area of erythema 15 to 6.0 cm w diameter or both.
Nearly all patients with cat scratch disease exhibit a positive test Frei reactions m
these same patients are negative

B SN TEst ANTIGEN FOR Crinicar Dracwosts

Skan test antigen is prepared {rom buman matenal 18 The affected
node is allowed to proceed to suppuration and the pus is aspirated asep-
tically. In the absence of pus, macerated necrotic lymph node tissue may
also function satisfactonly. The matenal 1s tnturated with sufficient (1
part tissue to 1, 2, 3, or 4 parts diluent) sterile physiologic saline solu-
tion to give a homogeneous emulsion and 15 heated to 56° C. for 1 hour
on 2 consecutive days? or at 60° C for 2 hours on I day and 1 hour on
the day following® Sterlity tests are performed under aerobic and
anerobic conditions to detect the presence of viable bactenia or fungi
As a further precaution, the patients supplying material should be care-
fully selected to exclude tuberculosis, infectious hepatitis, syphilis,
1 , and other maladies It also
seems advisable to add a preservative (for example, merthiolate in
1 10,000 final concentration) to the antigen

The potency of the antigen 1s determined by skin tests in patients
with the disease Certain preparations may be sufficiently potent to per-
mit use in diluted form, this may be decided after mntradermal titration
of senal 2-fold dilutions of the matenal in patients known to react m a
positive fashion with cat scratch skin test antigen The standardized
antigen must not react 10 “normal” control persons. This antigen 1s not
avallable commeraially

C Laporatory Diacnosis

1 Complement fixation test Complement fixalion tests with psit-
tacosis-lymphogranuloma venereum group antigens should be performed
with sera from the patient collected at the onset of illness and 2, 4, and 8
weehs later. Antigen may be prepared in the individual laboratories®s or
purchased from commercial sources. The findings must be evaluated with
caution, as discussed 1n section I1, A above,

11T COMMON COLD (Acute Coryza, Acute Rhunitis)

The common cold is an infection of the upper respiratory tract
caused by a viral agent Colds themselves are generally mild and of
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lated, screened stable, and the temperatures should be observed twice
daily.

H CAT SCRATCH DISEASE (Cat Scratch Fever, Bemgn Lympho-
veticulosis of Inoculation), Cat Scratch Encephalitis, and Pari-
naud's Oculoglandular Syndrome

A. INTRoDUCTION

Cat scratch disease was recogn.zed as eary as 1932 by Dr, Lee Foshay,! but the
first publsbed descripuon of the allness was gisen by Debré and his assoclates
1950 2 Since 1950, there have been more than 100 reported cases of this discase 28

Cat scralch disease 15 a seli-lmited and nonfatal systemic illness of commen
oceutrence whch i generally recozmized 1n persons who have been scratched by a
cat The sllncss 1s characterized by fever, malalse, and lymphadentis which 1 often
preceded by a cutaneous lesion The infected Iy mph nodes may proceed Lo suppura-
tion, and an ! lar cruption or Jes-like rash may also be
present Rarcly, central nervous system discase, termed cat scratch encephalitis,!
with convulsions, tespratory paralysis, and coma, may occur, Present evidence,
based on positive shan sensitivity reactions wath cat scratch discase anugen,!” suge
Rests that Pannaud'’s oculoglandular syndrome may be causced, 1 certain wnstances,
by the agent of cat scratch discase

The ctiology of cat scratch d sease was investigated by Mollaret and his asso-
eates 1112 wha tenorted successful transmission of the disease lo monkeys by

. . ¥ 1} - '

——he e m e .
fect other laboralory animals were unsveeesstul,

Tt has been suggested by Mollaret e¢ al11:2 (hat cat scratch disease may be
caused by a virus related to the agent of 1ymphogranuloma venereum based on
(a) sumilarsties in the clinical features of the two discases, (8} obscrvaton of gran-
ules vesembling 1y mphogranuloma vencreum irus elementary bodies 1n stamed
sections of infected human and monkey lymph nodes, and (¢) the finding of posi-
tive complement fisation tosts emplosing lymphogranuloma veacreum aatigen and
the single scrum specimens from a portion of the patients with the discase While
the findings suggesting a serologic relationship of cat scratch disease to lympho-
granuloma veaereum are of great snterest and considerable potential importance,
the evidence s not conclusive The observation of a positive complement fixation
test with lymphogranuloma v enereum antigen must be interpreted with great eau-
tion since the antibody demonstrated may be the result of past or current, ehnical
or subchniral in(c-rtmn with any of the viruses of the put(acosis-i l)mphnxrznulama
venereu . . .
sllness, ‘

of Greater) diuvvus wveemen < - - < n 8
A highly specific intradermal skln test for cat seratch dxsme. <dmilar to the

Frex reaction for lymphogranuloma venereum, was developed by Mangee and Rose.!
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Intradermal injection of 01 ml of antigen gives s 1a 48 hours to a papule 0.5 to
10 cm 1n duameter or an area of erythema 1.5 to 60 cm i diameter or both.
Nearly all patients with cat scratch disease exhibit a positive test Frei reactions m
these same patients are negative

B Sxiv Test ANTIGEN rOR CLINICAL DracNosis

Skhin test antigen is prepared from human material ' ¢ The affected
node 15 allowed to proceed to suppuration and the pus 1s aspirated asep-
tically In the absence of pus, macerated necrotic lymph node tissue may
also function satisfactonly, The matersal 1s trturated wath sufficient (1
part tissue to 1, 2, 3, or 4 parts diluent) stenle physiologic saline solu-
tion to give a homogeneous emulsion and is heated to 56° C. for 1 hour
on 2 consecutive days® or at 60° C for 2 houts on 1 day and 1 hour on
the day following.® Sterlity tests are performed under aerobic and
anerobic conditions to detect the presence of viable bacteria or fungi
Asa further precaution, the patients supplying matenal should be care-
fully selected to exclude tuberculosis, infectious hepatitis, syphilis,

and other maladies. It also
seems advisable to add a preservative (for example, merthiolate n
1 10,000 final concentration) to the antigen

The potency of the antigen 15 determined by skin tests in patients
with the disease Certain preparations may be sufficiently potent to per-
nut use in difuted form, this may be decided alter mtradermal titration
of serial 2-fold dilutions of the matenal in patients known to react in a
positine fashion with cat scratch shin test antigen. The standardized
antigen must not react in “‘normal” control persons This antigen is not
available commercially

C LaporaTory Diacnosts

U Complement fixation test Complement fixation tests with psit-
tacosis-lymphogranuloma venereum group antigens should be performed
with sera from (he patient collected at the onset of dlness and 2, 4, and 8
weeks later Antigen may be prepared in the individual laboratories!? or
purchased from commercial sources The findings must be evaluated with
caution, as discussed in section II, A above,

HI. COMMON COLD (Acute Coryza, Acute Rhinitis)

The common cold 15 an infection of the upper respiratory tract
caused by a viral agint Colds themselves are generally mild and of
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lated, screened stable, and the temperatures should be observed twice
daily.

HCAT SCRATCH DISEASE (Cat Scratch Fever, Benign Lympho-
reticulosis of Inoculation), Cat Seratch Encephalitis, and Pari-
naud's Oculoglandular Syndrome

A, InTRODUCTION

Cat scratch disease was recoxmzed as early as 1932 by Dr. Lee Foshay! but the
first published description of the illness was given by Debré and s assottates i
19502 Since 1950, there have been more than 100 reported cases of this disease 34

Cal scralch dusease 1s a seli-hmited and nonfatal systemic illness of cammon
occurrence wh¢h 1 generally tecogmzed in persons who hase been scratched by 2
cat The illness s charactenized by fever, malatse, and Iy mphadenitis which is often
preceded by a cutancous lesion The infected Iy mph nodes may proceed to suppura-
tion, and an eryth lar eruption or les-like rash may also be
present Rarely, central nervous system discase, termed cat scratch encephalitis?
with convulsions, re<pratory paralysis, and coma, may occur. Present cvidence,
based on positine shan sensitivity reactions with cat scratch discase antigen,1® sug-
Rests that Pannaud's oculoglandular syndrome may be caused, in certaln wstances,
by the agent of cat scratch discase

The ctiology of cat scratch d scase was vestigated by Mollaret and his asso-
ciates, 1112 who reported successful transmission of the disease to monbhgys by
intradermal 1noculation of Iy mph node suspensions from patients having the illness
Srall nodules descloped at the inocufation site which {nduced cutaneous nodules
and generalized Iy mphadenopathy on further passage in monkeys. Attempts to in-
fect other laboratory ammals were unsuccessful

It bas been suggested by Mollaret ef af 1142 that cat scratch discase may be
caused by a varus rclated to the agent of lymphogranuloma venereum based on
(6) sirulanues wn the chuical features of the two diseases, (8) observation of gran-
ules resembling 1y mphogranuloma venereums virus clementary bodics ta stamed
sections of infected human and monhey lymph nodes, and {¢) the finding of posi-
e complement fization tests cmploy ing 1y mphogranuloma vencreum antigen and

fixation

%o e

EFRAlUIUIS 2t o & v a vme o e o n e o .
the evidence 13 not The obseryation of a positive
test with lymphogranuloma venercum antigen must be interpreted wath great cau-
ton since the antibody demonstrated may be the result of past or current, chnical
ot subchnical safectsont with any of the viruses of the psittacosis-l3 mphograruloms
vencreum group, These anubodies may persist for many )ears following the overt
dllness, and final conclusions must be based on demonstrating a sigmficant (4-fold
or greater) antibody mnerease for these agents in the progress of the iliness

A highly specific intradermal shin test for cat seratch discase, sular (o the
Fra reaction for lymphogranuloma venereum, was developed by Hanger and Rose
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Intradermal mycction of 01 ml of antigen gives nise 1 48 bours to 2 papule 05 to
10 em 1 diameter or an acea of erythema 15 to 60 cm wn dameter or both
Nealy all paticnts with cat scratch disease exhibit a postive test Frei reactions m
these same patients are negatie

B SnIN Test ANTIGEN FoR Crinican Discnosis

Skin test antigen is prepared from human material ¢ The affected
node is allowed to proceed to suppuration and the pus 1s aspirated asep-
tically In the absence of pus, macerated necrotic Iymph node tissue may
alse function satisfactorily The material is truturated with sufficient (L
part tissue to 1, 2, 3, or 4 parts diluent) sterle physiologic saline solu-
tion to give a homogeneous emulsion and is heated to 56° C. for 1 hour
on 2 consecutive days? or at 60° C for 2 hours on ! day and 1 hour on
the day following ® Stenhity tests are performed under aerobic and
anerobic conditions to detect the presence of viable bactena or fungi.
As a further precaution, the patients supplying material should be care-
l'ully selected to eaclude tuberculosis, infectious hepatitis, syphilis,

and other maladies It also
seems advisable to add a preservative (for example, merthiclate 1n
1+10,000 final concentration) to the antigen

‘The potency of the antigen 1s determined by skin tests in patients
with the disease Certain preparations may be sufficiently potent to per-
it use in diluted form, this may be decided alter intradermal titration
of serial 2-fold dilutions of the matenial 1n patients known to react in a
positive fashion with cat scratch shin test antigen The standardized
antigen must not react in “normal” control persons This antigen is nat
avalable commercially

C Lasorarory DiacNosts

1 Complement fixation test Complement fixation tests with psit-
tacosis-lymphogranuloma s encreum group antigens should be performed
with sera from the patsent collected at the onset of illness and 2, 4, and 8
weehs later Antigen may be prepared i the individual laboratories®? or
purchased from commercial sources The findings must be evaluated with
<aution, as discussed in section II, A above

1II. COMMON COLD (Acute Coryza, Acute Rhnjtis)

‘The common cold is an infection of the upper respiratory tract
caused by a wviral agent Colds themselves are generally mild and of
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lated, screened stable. and the temperatures should be obsened twice
daily

II CAT SCRATCH DISEASE (Cat Scratch Fever, Benign Lympho-
reticulosis of Inoculation), Cat Scratch Encephalitis, and Pari-
naud’s Oculoglandular Syndrome

A. IntrRODUCTION

Cat scratch disease was recognzed as early as 1932 by Dr Lee Foshay,} but the
first published description of the illness was given by Debré and hus assoaates
19502 Since 1950, there have been more than 100 reported cases of this disease 38

Cat scratch disease 16 3 self-limited and nonfatal systemic sllness of common
occurrence whch is generally recozmized 1 persons who have been scratched by 3
cat The ilincss 15 characterzed by fever, malaise, and 1y mphademitis which 13 often
preceded by a cutaneous lesion The infected Iy mph nodes may proceed to suppura-
tion, and an er; eruption or Jes-lhe rash may also be
present Rarel, central nervous system discase, termed cat scratch encephahtis?
with convulsions, resp.ratory paralysis, and coma, may occur. Present evidence,
based on positive shin sensiivity reactions with cat scratch disease antigen,’® sug-
gests that Parnaud’s oculoglandular syndrome may be caused, in certain instances,
by the agent of cat scratch disease

The etiology of cat scratch d scase was investigated by Mollaret and lus asso-
cates,!1+12 who reported successful transmussion of the disease to monkeys by
intradermal 1noculation of Iy mph node suspensions from patients having the tlness
Small nodules developed at the inoculation site which 1nduced cutaneous nodules
and generalzed 1y mphadenopathy on further passage 11 Monkess. Attempts to -
{ect other laboratory ammals were unsuccessful

It has been suggested by Mollaret ¢f al 3112 that cat scratch disease may be
caused by a virus related to the agent of Jymphogranuloma senereum based on
(a) similanties in the chical features of the two diseases, (b} obsersation of gran-
ules resembling Iymphozranuloma venereum tirus elementary bodies wn staned
sections of mfected human and monkey lymph nodes, and (c) the finding of posi-
e complement Bxation tests employing Iy mphogranuloma venersum antigen and
the sngle serum specimens from a portion of the patients with the disease While
the findings suggesting a serologic relationslup of cat scratch disease to lympho-
granuloma venereum are of great interest and considerable potential umportance,
the evidence 1 not it The of a positive fixation
test with lymphogranuloma venereum antigen must be interpreted with great can-

wson &
or su
vener
illness, mee o -
or greater) antibody increase for these agents in the progress of the lness

A highly speatiic mtradermal shin test for cat scraich disease, similar to the
Fres reaction for lymphogranuloma venereum, as developed by Hanger and Rose 1
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Intradermal injection of 01 ml of antigen gives nse 1 48 hours to a papule 0.5 to
10 cm in diameter or an area of erythema 15 to 60 cm in diameter or both.
Nearly all patients with cat scratch disease exhibit a positive test Frey reactions m
these same patients are negative

B Skin Test ANTIGEN FoR CrLiNIcAL Diacnosts

Skin test antigen is prepared from human material ' ® The affected
node 15 allowed to proceed to suppuration and the pus is aspirated asep-
tically In the absence of pus, macerated necrotic lymph node tissue may
also function satisfactonily The material 1s triturated with sufficient (1
part tissue to 1, 2, 3, or 4 parts diluent) sterile physiologic saline solu-
tion to give a homogeneous emulsion and is heated to 56° C for 1 hour
on 2 consecutive days? or at 60° C for 2 hours on ! day and 1 hour on
the day following® Sterility tests are performed under aerobic and
anerobic conditions to detect the presence of viable bactena or fung:
As a further precaution, the patients supplying matenial should be care-
fully selected to eaclude tuberculosss, infectious hepautss, syphilis,
P and other ble malades It also
seems advisable to add a preservative (for example, merthiolate 1
1:10,000 final concentration) to the antigen

‘The potency of the antigen 1s determined by skin tests in patients
with the disease, Certam preparations may be sufficiently potent to per-
mit use in diluted form, this may be decided after intradermal ttration
of serial 2-fold dilutions of the material in patients known to react 1n a
Positive fashion with cat scraich shin test antigen The standardized
antigen must not react in *'normal” control persons This antigen s not
available commercially

C Lanoratory Dracnosts

1. Complement fization test Complement fixation tests with psit-
tacosis-ly mphogranuloma senercum group antigens should be performed
Wwith sera {rom the patent collected at the onset of illness and 2, 4, and 8
weeks later, Antigen may be prepared in the individual laboratories'? or
Ppurchased from commercial sources, The findings must be evaluated with
caution, as discussed in section II, A above.

1T COMMON COLD (Acute Coryza, Acute Rhunitis)

The common cold 1s an infection of the upper respiratary tract
taused by a viral agent. Culds themselies are generally mud and of
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lated, screened stable, and the temperatures should be obsened twice
daily.

11 CAT SCRATCH DISEASE (Cat Scratch Fever, Benign Lympho-
reticulosis of Inoculation), Cat Scratch Encephalitis, and Pari-
naud’s Oculoglandular Syndrome

A. INTRODUCTION

Cat scratch disease was recognized as early as 1032 by Dr Lee Foshay! but the
first published description of the illness was given by Debré and bis associates m
1950 3 Since 1950, there have been more than 100 reported cases of this disease.? ®

Cat scratch disease s a seli-hmted and nonfatal systemic ilness of common
orcurrence wh ch 18 generally recoznized in persons who have been scratched by 2
cat The tlincss 1s charactenzed by fever, malase, and Iy mphademts which 15 often
preceded by a culancous lesion The infected 1y mph nodes may proceed to suppura-
tion, and an er. eruption or Jes-like rash may also be
present Rarely, central nervous system discase, termed cat scratch encephaliis?
with consvulsions, resp ratory paralysis, and coma, may occur Preseat evidence,
Uased on positise shin sensitivity reactions with cat scratch discase antgen,t® sug-
gests that Pannaud's oculoglandular syndrome may be caused, in certain mnstances,
by the agent of cat scratch disease

The ctiology of cat scratch d sease was investigated by Mollaret and hus asso-
cates,!1 12 who reported successful transmission of the disease to raonkeys by
Intradermal inoculation of Iy mph node suspensions from patients having the illness
Small nodules developid at the inoculation site which induced cutaneous nodules
and generalized lymphadenopathy on further passage in monkeys Attempts to 1=
feet other laboratory animals were unsuccessful

It has been suggested by Mollaret ¢f o 11,32 that cat scratch discase mzy be
caused by a virus related to the agent of lymphogranuloma venereum based on
(a) sinilanties 1n the clinical features of the two discases, (&) obsenation of gran-
ules resembling lymphogranuloma venereum virus elementary bodies 1n stained
sections of infected human and monkey lymph nodes, and (¢) the finding of posi-
tive complement fixation tests employing lymphogranuloma venereum anhigen and
the single scrum specimens from a portion of the patients with the disease While
the findings suggesting a scrologic relationship of cat scratch disease to Tympho-

venereum group These antibodies may persist for many 3 ears following the overt
Mincss, and final conclusions must be based on demonstrating a significant (4-fold
or greater) antibody increase for these agents i the progress of the illness

A highly specific intradermal skin test for cat scratch disease, sumilar to the
Fres seaction for lymphogranuloma venereum, was developed by Hanger and Rose.!t
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The agent of CTF was first 1solated 1 1944 by Florio and bis colleagues,t who
succeeded n transmutting the wnfection to bamsters woculated with serum from a
patient with the disease Since that tume,% additional strams hase been recovered 1w
suclling mice The virus may be propagated i embryonated eggs® woculated via
the yolk sac The mouse-adapted stram produces a vireria after wntracerebral m-
oculation 1n mace, cotton rats, hamstets, and opossums but not m sheep or rabbits T

B. LABORATORY DracNosts

Lab y diagnosis is d exther by isolation and identi-
fication of the causal agent or by the demonstration of 2 sigmficant in-
crease 1n amount of CTF antibody in the panents serum during con-

The regularly employed at the Walter Reed Army
Institute of Research are described below

1 Virus isolation Serum or whole blood clot collected from the
patient during the acute illness 1s inoculated intrapentoneally in 0 1 ml,
amount and intracerebrally 1n 001 ml volume into baby mice 3 to 5
days old Baby mice are more susceptible to CTF virus of human ongin
than are adult mice or hamsters and, for this reasen, are the ammal of
chaice for recovery of virus ® Infected nice become excitable and hyper-
writable and show signs of muscular inco-ordination which is followed
by terminal stupor and death 1n 48 bours Mice failing to show signs of
illness on primary passage should be sacnificed on the 6th to 10th day
after inoculation and a 10 per cent suspension of their brains passed to
new mice The recovered strains may be identified with known positive
serum i the serum neutralization or complement fixation test.

2 Scrum neutralization test

a Seed virus Twelve to 14 gm white mice are inoculated intra-
cerebrally with approximately 1,000 LD, (003 ml. inoculum dose) of
the mouse-adapted Flotio strain of CTF virus ‘The brains are barvested
when SO per cent or more of the mice show signs of advanced central
nervous system drsease and are emulsified with 30 per cent normal rabbit
serum-saline solution to gne a 20 per cent suspension This matenial 1s
centrifuged at 2,000 rpm for 10 minutes and the supernate is the seed
virus The virus 1s preserved by storage at ~70° C in glass-sealed am-
Ppules, and the preparation should titer around 107 when tested in adult
mice inoculated intracerebrally,

b Positive control serum At weelly intenals young adult rabbats
are given 3 intrapentoneal injections of 50 ml, amounts of the seed
Virus preparation described above and are bled on the 10th day after
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short duration but may be followed by secondary bacterial infection of a
more serious nature,

There 1s no specific laboratory diagnosis for the common cold. The
disease may he d to human vol 12 or to the chi: 3
using bacteria-free filtrates from nasal washings of patients with calds,
Successful propagation of the agent in tissue culture of chick embryot
and on the chorioallantoic membrane® of embryonated eggs has beea
reported. Several papers have descnibed cultnation of the virus in the
allantoic sac of the chick embryo,%® but Andrewes and his associates®
at the Common Cold Research Uit in Salisbury, England, were unable
to repeat these findings. More recently, Andrewes ¢¢ ol ® announced
propagation of a common cold agent through 10 serial passages of human
lung tissue culture media. The infected tissue culture cells failed to
show a cytopathogenic effect, and the procedure was one of little prac-
tical value since viral growth could only be proved by tests in human
volunteers

Viruses of the RI* family )% also called the APC family ** including
agcnts desngnat:d ARD '3, cause such acute respiratory illnesses of man
as jated acute respil y disease (ARD), exudatn e pharyn-
gitis, pharyngoconjunctival fever, bronchitis resembling atypical pneu-
monia, and atypical pneumonia unassociated with the develop-
ment of cold or streptococcus MG agglutinins These viruses may also
cause illness that might be classed as “severe cold.” These agents, how-
ever, do not appear to be related etiologically to the “typical” common
cold, which is characterized by coryza, profuse watery discharge, and a
muld febnle or afebrile course of short duration. Information concerning
these viruses is given in the chapter on “Primary Atypical Pneutmonia.”

1IV. COLORADO TICK FEVER (Tlck Feser, \quntzun Fever,
Mountain Tick Fever, A tain Fever, N
atous Fever)

A. InTRODUCTION

Colorado ck fever (CTF) is a nonexanthematous and nonlethal disease of
man which 1s transmutted by the wood tich, Dermacentor andersons -3 The illness
15 characterzed by sudden onset, fever, headache, backache, and deep oculat pan
Nausea and vomting, photophobia and by peresthesia of the shin may also be pres-
ent The illness )s usvally intermuttent, consisting of 2 or 3 bouts of symptoms
lasting 2 to 4 days and separated by relatively asymptomatic pertods of 2 or 3 days'
duration In typical cases, there 15 a moderate leucopenta, with white cell couats of
2,000 0 3,000 per cmm

——
'« These viruses have recently been named the adenoviruses
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tertal should be accomplished by mtroduction of distitled water with a
synnge through the diaphragm of a suitable rubber closure,

b TPositive control serum Fourteen to 16 gm white mice are in-
jected intrapentoneally at weekly intervals with 05 ml amounts of a
10~ dilution of the 10 per cent mouse brain seed virus preparation used
for the serum neutrahization test (see above} The mice are bled 10 days
alter the last virus injection

¢ G fixation of serum collected
from the patient at onsct of illness and 14 to 21 days later are tested
simultaneously by the CF method To sersal 2-fold dilutions of the
inactivated serum (56° C 30 minutes) in the range from 1 5 to 1 320
are added 2 full units of guinea pig complement 1n 0 3 m! and 4 units of
viral antigen 1 0 25 ml or 025 m! of apprepnately diluted normal con-
trol antigen After overmght fixation at 4° C, 05 ml of the hemo-
Iytic system (05 ml of 15 per cent sheep cell suspension containing 3
units of sheep cell amboceptor) 15 added. and the tests are read alter
final incubation at 37° C for 30 minutes The titer 1s the highest mtia)
dilution of serum which gives 3 + or greater fixation of complement
As with CF tests 1n other diseases, a 4-fold or greater increase mn anti-
body level in the patient’s serum during convalescence 1s diagnostic and
1s of greater significance than 15 a positive test with a single specimen
alone Sera from persons with syphilis may react with the mouse brain
component of the antigens, such reactivity may be reduced by inactivat-
ng the serum at 60° C or 65° C nstead of at the usual 56° C tem-
perature ®

V¥V ECTHYMA CONTAGIOUS (Ovine Pustular Dermatius, Orf, Con-
tagious Pustular Dermatitis of Sheep Scabby Mouth)

A INTRODUCTION

Contagious ecthyma 15 & \iral disease of sheep and goats characterzed by the
devclopment of vesiculopustular lesions on the Lips and adjacent tusues and the
parts of the bodv The inf 1 tohuman beings1-4
and occurs 1a persons handling infectrd sherp In man, the disease 1s mld and self-
Lmited and is charactenzed by the formation of papules and papalovesicular and
pustular lesons on the hands and face
Pask ¢t af# reported successful transmussion of the CS L strain of contagious
ecthyma to human volunteers, uung bacteniologically stenle filtrates of material
obtained from the levons of infected sheep The virus was recosered 1 lambs 2.
oculated with serapings from the human lesions, and 11 of 12 persons vons alescent
Irom the expenmental duscase were solidly immune to resafection.
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the last injection of virus. The serum should neutralize at least 1,000
LDy, of virus in the intracerebral test in mice,

¢ Serum neutralization procedure. Sera collected from the patient
at onset of illness and 3 or 4 weeks later are tested simultaneously by
the neutralization method. Two-tenths ml. amounts of the serum (unin-
activated*) to be tested are mixed with 0 2 ml, volumes of serial 10-fold
dilutions of virus. After incubation at 37° C. for 1 hour, groups of six
8-10 gm. mice are inoculated intracerebrally with 0 03 ml, amounts of
the serum virus mixtures The acute phase serum is tested with 0, 1, 10,
and 100 LD, of CTF virus, and the convalescent specimen is tested
with 10, 100, 1,000, and 10,000 LD, of virus, Known negative and posi-
tive control sera are included in the tests. The mice are observed daily
for 14 days for development of central nervous system illness, and the
deaths are recorded. In a pusitive test, the convalescent serum specimen
neutralizes 100 more LD, of virus than does the acute phase sample.

3 Complement fixation test.

a  Antigen. Twelve to 14 gm. white mice are inoculated intracere-
brally or suchling mice (4 to 5 days old) are injected by the intraperi-
toneal route with approximately 1,000 LD,, of virus, and the brains are
harvested from animals which are prostrate or dead for only a short
period of time. The brains are emulsified in a mortar with physiclogic
saline solution or shaken with glass beads to give a 20 per cent suspen-
sion The suspension 1s centnfuged at 2,000 rp.am. for 10 minutes to
remove large particles, and the supernate is clanfied by spinning at
13,000 £ pm. for 1 hour in an angle-head machine. The supernate 15 the
antigen, and the preparation usually gives significant fixation of com-
plement in a final dilution of 1.8 or 1+16 of brain tissue This antigen 15
infectious so that due precaution should be exercised to prevent infection
[ .
be employed.® Antigens for control purposes are prepared in identical
manner from brains of uninoculated mice. If benzene extraction is to be
employed with dried live virus preparations, then due precaution must
be taken to prevent the powder from getting into the air. Drying is best
accomplished by lyophilization, and rehydration of the dehydrated ma-

——
+ Some workers prefer 10 J0actss ate the sera at §6°C for 50 mimutes
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tersal should be accomplished by introduction of distilled water with a
synnge through the diaphragm of a suitable rubber closure

b Positive control serum Fourteen to 16 gm white mice are in-
jected ntraperitoneally at weekly intervals with 05 ml amounts of a
10°! difution of the 10 per cent mouse brain seed virus preparation used
for the serum neutralization test (see above) The mice are bled 10 days
after the last virus injection

c C fixation of serum collected
from the patient at onset of illness and 14 to 21 days later are tested
simultaneously by the CF method To serial 2-fold dilutions of the
inactivated serum (56° C 30 nunutes) in the range from 1 § 10 1:320
are added 2 full unsts of guinea pig complement 10 0 5 m! and 4 units of
viral antigen 1 0 25 ml or 8 25 m! of appropnately diluted normal con-
trol antigen After overmight fixation at 4° C, 05 ml of the hemo-
Iytic system (05 ml of 1S per cent sheep cell suspension contatning 3
units of sheep cell amboceptor) 15 added, and the tests are read after
final incubation at 37° C for 30 minutes The titer 15 the highest 1mtial
dilution of serum which gives 3 + or greater fixation of complement
Aswith CF tests in other diseases, a 4-fold or greater increase mn anti-
body level 1n the patient’s serum during convalescence 1s diagnostic and
is of greater sigmficance than 15 a positive test with a single specimen
alone Sera from persons with syphilts may react with the mouse brain
component of the antigens, such reactisity may be reduced by inactivat-
ing the serum at 60° C or 65° C 1instead of at the usual 56° C tem-
perature ®

V. LCTHYMA CONTAGIOUS (OQvine Pustular Dermatitis, Orf, Con-
tagious Pustular Dermatitis of Sheep, Scabby Mouth)

A INTRODUCTION

Contagous ecthyma 15 & viral disease of sheep and goats characteruzed by the
development of vesiculopustular lesions on the lips and adjacenl tissues and the
nonwool-bearing parts of the body The infection 18 transmissible 10 human beings 14
and occurs 1n persons bandiing infected sheep In man, the disease 1s mud and self-
hroited and is characterszed by the formation of papules and papulovesicular and
pustular lesions on the hands and face.

Task et ol 3 reported successful transmission of the CS.L. straja of contagous
ecthyma to human volunteers, uslag bactenologically stenle Siltrates of material
obtained from the lesions of infected sheep The virus was rrcovered in Jambs 1.
eculated with scrapings from the buman lesions, and 11 f 12 persons cons alescent
from the expenimental discase were solidly immune (o resnfection
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The relationship between contagious ecthyma virus and the pox group of agents
has not been fully determined. The elementary bodies seen in smears of lesions from
buman cases of contagious ccthy ma or smallpox stained by Gutsten's or Paschen's
method are Indistinguishable . Abdussalem (quoted in Refesence 5), however,
reported that even though both viruses are bmk shlpcd when examined 1n the
electron mi they heless can be ically, Con-
tagious ectbyma and vacania viruses are immunologically distinct when compared
1 complement fization tests with convalescent sera from human beungs wfected
with these agents® Further, \accmu but not contagious ecthyma virus can be

on the ¢h brane of the embryonated egg3->

B. Lasoratory Dracxnosts

1. Virus isolation. There is no standardized technic for recovery
and xdentification of the virus from human cases of contagious ecthyma.
Giltner® suggested, however, that the following procedure be used:

Pustular material from the lesions or the dried scabs are emulsified
with hormone broth and rubbed into the scarified glabrous skin of the
inner thigh or postventral abdomen of lambs In posttive cases, erythem-
atous patches which become vesicular and finally pustular appear in 3 to
10 days, the incubation period depending upon the amount of viable
virus present in the origmal inoculum. The pustules usually rupture
24 to 48 hours and form thick, brownish scabs; healing is complete in 25
days. Finally, the recovered virus is identified by simultaneous inocula-
tion of 2 immunized lambs (at least 2 weeks’ postvaccination®) and 2
control lambs. The vaccinated animals should show only a shght or no
reaction, and the control lambs should develop the typical lesions. Bac-
terial etiology is ruled out by cultivation attempts on sujtable media.

2. Serodiagnosis. MacDonald® reported positive complement fixa-
tion results (serum titer 1:4 to 1:32) in sera from 9 of 20 cases of con-
tagious ecthyma infection in man The antigen used in the tests consisted
of a clarified suspension prepared from the vesicular eruptions of sheep
infected experimentally with a strain of virus obtained originally from a
human case of the disease Unfortunately, the acute and convalescent
sera from the patients were not compared, so that it is difficult to assess
the significance of these results, Blakemore ef al.” reported that sera
from patients with the disease agglutinated washed elementary body
suspensions of contagious ecthyma virus,

——
+ Vaccine 18 avalable from several commercial sources
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VI. ENCEPHALOMYOCARDITIS (Columbia-SK Disease, MM-
Virus Infection, Mengo Encephalomyelitis)

A InTRODUCTION

The encephalomyoeardits (EMC) family of viruses comprises a group of
closely related agents which includes the Columbia-SK, MM, EMC, BMengo en-
cephalomyelitis, F, and Ortleb strans 1.2 These agents are highly pathogenic for
rodents {mice, cotton rats, bamsters, guinea pigs) inoculated by the cerebral or
penipheral routes, causing a fatal encephalitis which may be accompanied by a
myocarditis Infected monheys develop a poliom)ehitis-like disease and often re-
cover Strains of EMC virus bave been 1solated from monkeys, man, mosqutoes,
and the mongoose infected n nature Antibody to the agent is commoaly present in
the sera of wald-caught rats,® and these animals may constitute a reservoir for the
disease

Praved buman EMC infections are few Smadel and Wasrent demonstrated
increase in neutralizing antibody to the EMC virus in pawed sera from patients who
suffered from a mild febrile disease called “3 day fever,” which appeared in 1945-46
smong U.S Army troops in the Plulippines The patients presented chinical findings
of severe headache, moderately hgh fever of 2 1o 3 daye’ duration, pharyngitis, suff
neck, postie Kernig's sgn, and by peractive decp reficxes The ooly notable labora-
tory finding was pleocytosis from 50 (o 500 cells, principally Iymphocytes, in the
spinal fluid A case of acute encephalitis® occurred 1n a laboratory worker who was
handling the Mengo strain, the virus was recovered from the patient, and an mcrease
in amount of neutralizing antibody was demonstrated in the patient’s serum after
tecovery from the illness More recently {quoted 1n Refercnce 2) strains of EMC
virus were recos ered in West Germany from patients wath variods sy mptoms which
included encephalomyelitis and iy ocarditis, one of the cases termunated fatally

B LasoraTorY Dracnosts

L. Virus isolatson Little 1s known about the distribution of the virus
in human tissues Virus 1solation, however, should be attempted by
intracerebral inoculation of white mice with spinal flurd or serum col-
lected from the patent during the acute disease or with clanfied suspen-
sions of brain, cord, myocardium, and spleen from fatal cases. Mice
moculated with small amounts of a neurotropic laboratory-adapted
strain of the virus become lethargic, develop 2 flaceid paralysis, and die
n 3 or 4 days. gnen a large dose of varus, acute encephahitis develops
without paraly sis, and death occurs in 18 to 24 hours. On primary isols-
tion the 1ncubation period is considerably longer Virus recovered from
the patient is identificd 1 neutralization tests with known positive sera.
by the general method described below

2. Serum lest. Serum fon and h
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fixation tests are performed with sera from patients collected at onset
of iliness and again 3 or 4 weeks later, and the acute and contalescent
specimens are always titrated simultancously in the same test. The
serum neutralization and complement fixation procedures described be-
low are those inely employed in the Di; ic Lab y of the
Department of Virus Diseases, Walter Reed Army Institute of Research,

a. Seed virus This consists of the low speed supernate of a 20 per
cent suspension of brains harvested from inoculated mice showing
symptoms of advanced EMC infection; brains from dead mice are not
included The brain suspension is prepared in 30 per cent normal rabbit
serum saline solution and is preserved by storage at ~70° C. in the dry
sce refrigerator The LDy, titer of such seed virus preparations is ustally
10-% 3 in intracerebral mouse tests or 10 T when the mouse intraperitoneal
test 1s used

b. Positive control serum for usc in the diagnostic neutralization
test and for identification of newly recovered strains. Young adult rab-
bits are hyperil ized by 3 int 1 injections at weekly inter-
vals of 50 ml. amounts of the seed virus preparation described above.
The rabbits are bled 10 days after the last injection, and the sera should
neutrahze 100,000 LD,, of EMC virus when tested in mice moculated
intraperitoneally or 1,000 LD,, by the mouse intracerebral test.

¢. Serum neutrahzation procedure. Four-tenths ml. amounts of the
serum {not inactivated*) to be tested are mixed with 0.4 ml. volumes
of the proper serial 10-fold dilutions of seed virus and, after incubation
at 37° C for 1 hour, 0.1 ml. amounts of the mixture are inoculated intra-
pentoneally into groups of 6 mice weighing 12 to 14 gm. Acute phase
patient’s serum is tested with 1, 10, 100, and 1,000 LD;, of virus and
the convalescent serum with 10, 100, 1,000, and 10,000 LD, of the
agent. A known positive control serum is included in the tests, and a
titration of the seed virus is performed simultaneously. The mice are
ohserved for the development of typical central nervous system signs
for 14 days, and the deaths are recorded The LDy, titers are calculated
according to the Reed and Muench formula,$ and a positive test with
pared sera from a patient is one 1n which the convalescent specimen

neutralizes at least 100 LD, more virus than does the acute phase

sample.

« Some workers prefer to mactiate the serum at 56° C for 30 mimutes
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3. Complement fixation test,

a. Antigen A 20 per cent suspension of EMC-infected mouse brain
in physiologic saline solution s centrifuged for 10 minutes at 3,000
rp m. m the horizontal machine to remove large particles, and the super-
nate is clanfied by spinning for 1 hour at 13,000 rp.m in the angle-head
centrifuge The water-clear supernatant fiuid 1s the antigen and, since 1t
1s infectious, the usual precautions should be taken The potency is pre-
served for several months when stored at -20° C. or at =70° C. 1n glass-
scaled vials Control antigen 1s prepared 1n an identical manner from
Drawns of narmal mice of the same age

b Positive control serum Convalescent sera from EMC-infected
rats, hamsters, muce, or monheys are employed The animals are tnjected
peripherally with sublethal amounts of virus grown in the same host and
are bled after recovery from the illness (see Reference 7 for further
details)

¢ Complement fixation procedure The paired sera from the patient
are tested simultancously with EMC or normal mouse brain antigen by
the same CF techmc described for diagnosis of Colorado tick fever
(see 1V, B, 3, c above) A positne diagnostic test with the paired sera
from a patient 15 one 1n which the titer of the convalescent serum speci-
men 1s at Jeast 4 imes higher than that of the acute phase sample,

4 Hemagglutination-snhibition sest Viruses of the encephalomyo-
carditis group cause agglutination of sheep erythrocytes in the mld
{5° C) but not at room *3* and this b
reaction is inhibited by speaific antibody Tests to measure antibody 1n
serum specimens may be carnied out by the same general hemagglutina-
tion-intubition method employed 1n 1niluenza virus studtes,2 * A clari-
fied suspension of braws of mice infected with a virus of the EMC group
serves as hemagglutinating anuigen in the test The hemagglutination-
inlubition technic has not been evaluated as a dagnostie tool in tests
with sera from human cases of EMC infection It should be noted, how-
exver, that a high percentage (27 per cent) of sera from patients with
central nenvous system disease (paralytic or nonparaly ic poliomy ehus,
aseplic menungtis, or encephalitis) gave positive reactions n an EMC
hemagglutination-inhibition test devised by Gard and Heller.!? None
of these same sera newtrabzed EMC virus m animal experiments, and
the postive hemagglutination-nhibution findings may kave been due to
nonspecific factors in the test.
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VIL. EXANTHEM SUBITUM (Rascola Subitum, Roseola Infantum,
Roseola Infantalis, Pseudo-Rubella, Rose Rash of Infants)

Exanthem subitum? is an acute illness with sudden onset which affects
infants and young children primanly and is characterized by feser of
from 3 to 5 days’ duration 1t is followed by the development of a tran-
sient macular or maculopapular rash, which appears on the neck, trunk,
upper extremities, thighs, and buttocks about the time that the fever
subsides, D is rare, pi, jon does not occur, and an
exanthem of erythematous specks and streaks may occur on the soft
palate, Meningismus may be present occasionally, and leucopenia and
relative or absolute lymphocytosis are characteristic, being most marked
around the 3d day of fever. Slight enlargement of the Iymph nodes may
be present.

The disease 1s believed to be of viral etiology, and the agent appar-
ently may produce a febrile illness in monkeys? Neva and Enders®
recently reported the recovery of a cytopathogenic agent in human cell
tissue cultures from the stool of a patient with illness resembling roseola
e Devel of P P g

and 4

against the agent was demonstrated in the patient’s serum during conva-
lescence, Rowe ¢t al.* found this agent to be a type 3 virus of the family
of viruses commonly referred to as the RI,*58 APC,* or ARD? agents.
Additionally, Neva and Enders ® recovered a different group of “atypical
viruses” in human cell tissue cultures from the stools of patients with an
unusual epidemic exanthem,

VIII. FOOT-AND-MOUTH DISEASE (Fiévre Aphteuse, Maul-und-
Klauenseuche, Aphthous Fever, Epizootic Stomatitis)
A. INTRODUCTION
Foot-and-mouth disease (FMD) is a highly contagious disease of cloven-footed
animals, especially cattle, sheep, goats, and pigs (for general information see Refer-
ences 1 and 2) The disease in these ammals is charactenzed by fever, wmcreased
salivation, and the appearance of flnd-filled vesicular lesions on the mucous mem-
branes of the mouth, tongue, and lips, on the muzzle, between the claws, and on the
teats and udder The dusease s occasionally transmutted to man, causng a self-
Liouted febnle illness characterzed by pamn in the limbs, excessive salivation, and
the appearance of vesicular Jesions on the buceal or ngual epithelum and on the
skin of the hands, feet, and other patts of the body
FMD is caused by a group of biologically stmular viruses which are dufferen-

+ These viruses have receatly been named the adenoviruses
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tiated 1nto 6 immunologic types These ate the A, 0, a0d B types of Waldmann and
e rgr——y — . . . LI
disease may be transmutted readily to guinea pigs or suckling muce;® Whereas rab-
buts, rats, adult muce, dogs, and cats are wrregularly susceptible Fowl, ferrets, and
homes are usually resistant

Owing to the ngid quarantine procedures by the Bureau of Ammal Diseases,
US Department of Agniculture, the United States 1s usually free of FMD Further,
public lawS prevents the importation of the virus inte the mainland of the United
States, the Secretary of Agnculture may, however, establish laboratories for re-
search on FMD on wlands separated from the manland by deep navigable streams.

B Laporatory DIAGNOSIS

EMD is diagnosed either by recovery and identification of the virus
from the vesicular fluid obtained from lesions in the patient or by dem-
onstratien of increased amount of ant:body 1n the patient’s serum during
convalescence from the iliness

1 Virus isolaton Young adult guinea pigs inoculated intradermally
mto the foot pads develop vesicular lesions at the site of injection in 24
to 48 hours, and his is followed by the appearance of vesicles o the
mouth, 18 to 36 hours later The disease is usually nonlethal in guinea
pigs, and the wirus can be demonstrated tn the blood at the tume of
appearance of the initial lesions Suckling mice (7 to 14 days old)
1noculated intracerebrally deselop spastic muscular paralysis of the hund
hmbs 1 to 2 days aiter injection, with spread (o the remaining part of
the body and death within 12 hours after the iutial illness The recov-
ered virus 15 identified by pathogenicity tests 1n animals and by cross-
immunity or serologic procedures

FMD in the natural hosts 1s chnically indistinguishable from 2 other
svesicular diseases which occur in the United States These are vesicular
stomautis of horses and cattle and occasionally man® and sesicular
exanthema of swine. For prefliminary differentiation of these 3 agents,
Gultner? recommends passage of the infectious matenal intradermally
onto the tangue of the horse and cow, intramusculatly into the cow, and
intradermally into the snout of the pig. Based on the development of
vesicular disease in these animals, as summanzed in Table 1, prelim-
inary differentiation can be made.

Further identification and strain typing is accomphished by the serum
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VII. EXANTHEM SUBITUM (Roscola Subitum, Roseola Infantum,
Roseola Infantalis, Pseudo-Rubella, Rose Rash of Infants)

Exanthem subitum? is an acute illness with sudden onset which affects
infants and young children primarily and is characterized by fever of
from 3 to 5 days’ duration It is followed by the development of a tran-
stent macular or maculopapular rash, which appears on the neck, trunk,
upper extremities, thighs, and buttocks about the time that the fever

ubsides, D ion 15 rave, pi ion does not occur, and an

exanthem of erythematous specks and streaks may occur on the soft
palate. Meningismus may be present occasionally, and leucopenia and
relatrve or absolute lymphocytosis are characteristic, being most marked
around the 3d day of fever Slight enlargement of the lymph nodes may
be present.

The disease is believed to be of viral etiology, and the agent appar-
ently may produce a febrile illness in monkeys.? Neva and Enders®
recently reported the recovery of a cytopathogenic agent in human cell
tissue cultures from the stool of a patient with illness resembling roseola

of ing and I fixng antibod
agamnst the agent was demonstrated in the patient’s serum during conva-
lescence, Rowe ef af * found this agent to be a type 3 virus of the family
of viruses commonly referred to as the RI,*>® APC,* or ARD7? agents.
Additionally, Neva and Enders 8 recovered a different group of “atypical
vituses” in human cell tissue cultures from the stools of patients with an
unusual epidemic exanthem,

VIII. FOOT-AND-MOUTH DISEASE (Fiévre Aphteuse, Maul-und-
Klauenseuche, Aphthous Fever, Epizootic Stomatitis)
A. INTRODUCTION
Foot-and-mouth disease (FMD) is a highly contagious disease of cloven-footed
anumals, especually cattle, sheep, goats, and pigs (for general information see Refer-
ences 1 and 2) The disease in these ammals is charactenzed by fever, wcreased
salivation, and the appearance of fiuid-filled vesicular lesions on the mucous merm-
branes of the mouth, tongue, and lips, on the muzzle, between the claws, and on the
teats and udder The disease 15 occasionally transtutted to man, causmg & self-
Drited febrle illness charactenzed by pain 1 the lumbs, excessive salivation, and
the appearance of vesicular Jesions on the buccal or Logual epithelum and on the
skin of the hands, feet, and other parts of the body.
FMD is caused by a group of biologically sumlar varuses which are differen-

+ These saruses have receatly been named the adenoviruses
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IX. GASTROENTERITIS, EFIDEMIC VIRAL (Epidenc Diarrhea,
Acute Infectious Gastroentenstis, Epidemic Drarrhea of the New-
born, Stomatitis and Diarrhea of Infants)

Gastroententis of nonbactenal etiology! ¢ may occur i sporadic or
epidemic form during any season of the year The disease affects persons
of all ages and may nduce chills, fever, malaise, muscular aches and
pains, dizziness, anorexia, vomiting, gastric pam, and diarthea. Stomatitis
may be present in at least one form of the illness The disease may be
lethal, especally in the aged or wnfirm and 1 infants

Information on the etiology of epdenuc gastroententis remains in
the developmental stages Reimann ef al ' % reported transmission of the
hisease to human volunteers by the respiratory but not the alimentary
route, using filtered throat washings or fecal suspensions from patients
suffering with the illness Gordon ef al.® transmitted the infection to
human volunteers by oral administration of fecal filirates or unfiltered
throat washuings from patients with the disease, ilness faifed to develop
tn persons who inhaled throat washings from the patients More recently,
Jordan ¢ al,? working with human volunteers, distingutshed between 2
agents of gastroententis based on differences i incubation penod, the
chnical picture, and the absence of cross-immunity

‘Two viral agents have been recovered in expenmental ammals in-
uvculated with materials from cases of the mfanule disease Light and
Hodes® produced a transmussible bloody mucoid diarrhea i calves in-
oculated nasally with filtered stools from cases of infantile diarrhea They
were unable to recover the agent from the stools of normal infants or
normal calves, and calves recovered from the expenimental disease were
wmaune to remfection, These results awatt confirmation by other groups,
especnally since a number of natural diartheal diseases of calves have
Ueen described® '° in recent y ears. Buddingh and Dodd™ 12 studied epi-
demics of diarthea of the newborn tn which stomatitis was a prominent
{eature of the iliness. A transmisuible filtrable agent was recovered from
vral or fecal swabs from sick infants which caused haziness or cloudiness
on the scanfied rabbit comea within 24 hours after inoculation, Marked
byperemia and swelling of the palpebral conjunctivae was also present.

Infantile diarrhea patients developed neutralizing antibody for the agent
during recovery from the discase This same viral agent was recovered
from the geratal tract of the normal adult human female and from a male
patient with Reiter's discase 111 1t was suggested that the agent may
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TABLE 1

DirrERENTIATION oF Vesicurar Distase AcENts By EXPERIMENTAL
Isocuration 1vto Doststic ANniats

Result after inoculation of the virus of

Inoculation Vesicular Vesicular
Amimal Route FMD Stomatiis Exanthema
Horse Intradermal 0 + E
Cow Intradermal + + o
Intramuscular + ] o
Py Tatradermal + + +
hzation or the )! fixation procedure referred to in the

following paragraph.

2. Serodiagnosis

a. Serum neutralization test. The acute and comvalescent (Z to 3
weeks after onset of illness) sera from the patient are tested by the
usual neutralization procedure with represeatative viruses of Lhe 6
basic types A c ient source of virus for such tests 15
vesicular fluid from infected guinea pigs or infected brain tissue from
suchling mice Positive control antisera for use in the tests are obtained
from guinea pigs which are convalescent from the disease and which

P

may be hyp d by repeated i y of the
same infecting agent. The ization tests may be carried out using
guinea pigs moculated tradermally mto the foot pads, baby mice
inoculated i brally, or by i ion nto the tongues of cat-

tle 39 A positive test is one in which the convalescent serum from the
patient neutralizes at least 100 more LD,, of virus than does the acute
phase specimen

b. Complement fixation test Several vaniations '* *2 of the conven-
tional complement fixation test procedure have been described. Extracts
of tongue epithelium from cattle infected with viral strains representa-
tive of the dufferent immunologic types usually serve as antigen in these
tests. Suspensions of mfected suckling mouse brain? or virus propagated
in mass tissue culture explants of bovine tongue epithelium*$ should
prove equally satisfactory. The demonstration of a 4-fold or. greater
increase in antibody 1n the patient’s serum for FMD virus during con-
valescence constitutes a positive test
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promising but are still 1n the developmental stage Specific complement
fixation reactions have been reported an tests employing sera from patients
wth mfectious hepatitis,® serum hepatitis®? or post-arsphenamine hepa-
titis,® and antigens prepared from tissues of patients with these illnesses,
but no procedure of practical value has yet been developed

XI. KERATOCONJUNCTIVITIS, EPIDEMIC (Shipyard Conjunc-
twitis, Supetficial Punctate Keratitis, Epidemic Infectious Con-
junctnatis, Keratitis Maculosa)

A, INTRODUCTION

Epdemic kullo:on)uncu\ stis (EK) is a viral dlsnst characterized by a non-
purulent 4 and super-
ficral punctate kmum Thc disease 1s sell-Lmited l!Lhough Leratstis wuh visual
impaurment may persist

The ilness first assumed major importance 1 the United States when 1t occurred
at a Veterans Admumistration hospital in Califormua in 1936 2 1t later emerged 2s an
epidennc in the shipyards and came to be known as “shipyard conjuncinaus."2

The viral etiology of EK was fitst reported by Sanders and Alexander® in 1943,
These workess apparently tecovered a fitrable agent from paticats with the disease
which could be propagated 1n cultures of minced chick embryo® and in the allantoic
cavity of the embryonated egg ¢ Adult mice moculated intranasally or intracere-
brally with the virus became lethargic within 2 to 7 days, this was followed by
convulsions, spastic paralysis, and death withun 24 hours after onsct of Ulness. Rab-
buts developed a fatal encephaliis within 8 days after intracerebral tnjection of the
agent and irregularly showed 8 berpes-like keratitis aftes moculation of the virus
onto the scanfied cornea, aadephilic wtranuclear inclusions could be demonstrated
io the corneal sections

Maumence e2 al® showed that the EK virus was aotigenically related to but
not identical with the virus of herpes simplex, and 1t was behicved that the 2 agents
should be conudered separate entities More recently, Ruchman®? and Cheever®
showed a close relationship between St Lowis encepbalitis virus and an agent which
now bears the labl of EK sgent The 2 viruses were indistinguishable scrologie
€ally®78 and showed the same age-susceptibility pattern 1n rats® The viruses
shiffered, howeser, in that the EK but not the St. Louis encephalis strun was
capatle of initiating a fatal encephalitis in guinea pigs and rabbits. Whether the
ageat now labeled EK 15 indeed the same virus wsolated from the epidemuc kerato-
£onjunctinitis patient or whether it 1s a laboratory contamunant inadsestently in-
troduced 1nta the culture dunng the course of anumal passage remains to be danbed.
More recently, Jawetz e af 19 recorered & varus from cascs of epideric keratoron.
Junctivis which was found!? to belong ta the famuly of viruses hnown as RI<F3, 13,
APCILI4, or ARD I3 agents It ts (o be noted also that conjunctivitis without
keratitus may be a prominent feature among palients with respiratory illacsses caused
by varuses of thu general group 1011

——
© These saruses have revently been named the adesor iuses.



484 DIAGNOSTIC PROCEDURES

be transmitted venereally in adults and that the infant may contract the
disease during passage through the birth canal, These obsenvations are
of considerable interest and have for a number of years awaited con-
firmation by other groups of worhers.

No satisfactory lat y tests for epidemic g: itis have
been developed, however, attempts should be made to recover and char-
acterize the responsible agents in future cpidemics. Keitel! reported
that an appreciable proportion of infants with gastroenteritis may de-
velop cold and streptococcus MG agglutinins in the course of their iliness

X. HEPATITIS A, VIRAL (Infectious Hepatitis, Epidemic Jaundice)
and HEPATITIS B, VIRAL (Serum Hepatitis, Homologous Serum
Jaundice, Transfusion Jaundice)

A, INTRODUCTION

Viral hepatitis A (for review see References 1 and 2) s a subacute viral snfec-

tion of wosld-wide distnbution Which occurs 1 endemic or eprdemic form. The
ilness Is charactenzed by feser, anorexa, nausea, vomiting, abdormnal distress,
diffuse 1mvolvement of the hiver, and usually jaundice, Outbreaks of the disease may
be explosive or sporadic, and the epidemics commonly occur in the fall or early
wanter, with dechine during the spnng, The infection seems to be spread by the
intestinal-oral circuit, and water, milk, and food-borne cpidemics have been de-
senbed.
Viral hepatatis B (for review sce References 1 and 2) is clinically indistinguish-
able from varal hepatitis A. The disease s transmutted from person to person through
the medium of wmproperly steribzed hypodermic needles or syringes or by the 1=
jection of certain human blood products and other biologscals such as vaccines
containing human serum or plasrea Human beings are apparently insusceptible to
the varus given orally, and the agent has not been demonstrated In the feces of
patients with the discase, thus the intestinal-oral circuit appears not to be of 1m-
portance 1n the transmission of this infection, The viruscs of hepatitis A and B are
said to be immunologically distinet.

B. Lanoratory Diracnosts

Liver function tests may assist materially in establishing the existence
of a hepatitis, However, there are no specific laboratory tests of proved
reliability for these diseases Henle ¢¢ al3 reported propagation of hepa-
titis virus A in tissue cultures of chick embryos and in the embryonated
hen’s eggs. The amniotic fluid from infected eggs, irradiated with ultra-
violet Light, was found to give positive skin tests in patients known to
have suffered from infectious hepatitis,®5 These findings are highly
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promising but are still in the developmental stage. Speaific complement
fixation reactions have been reported in tests employing sera from patients
with infectious hepatitis,® serum hepatitis® 7 or post-arsphenamine hepa-
titis,8 and antigens prepared from tissues of patients with these illnesses,
but no procedure of practical value has yet been developed,

XI KERATOCONJUNCTIVITIS, EPIDEMIC (Shipyard Conjunc-
tivitis, Superficial Punctate Keratitis, Epidemic Infectious Con-
junctivitis, Keratitis Maculosa)

A INTRODUCTION

Epdenuc keratocopjunctivits (EK) 18 a varal disease charactenzed by a non-
purulent of the b and super-
fical punctate keratitis The disease 15 self-Lmmted although keratibs with visual
impairment may persist

The sllness firs¢ assumed major 1mportance 1 the United States when 1t occurred
at & Veterans Admmistration hospital i Caldorma 10 19361 1t later emerged as an
epudemic m the shipyards and came to be known as “shipyard conjunctivitis 2

The viral etiology of ER was first reported by Sanders and Alexander® 1n 1943

brally with the wirus became lethargic within 2 to 7 days, this was followed by
convalsions, spastic paralysis, and death within 24 hours after onset of illness Rab-
buts developed a fatal encephalitis within 8 days after wtracerebral myection of the
agent and irregulasly showed a herpes-hike heratitis after moculation of the virus
onto the scaniied cornea, acdophslic 1ntranuclear mclusions could be demonstrated
m the comeal sections

Maumence ef a¢% showed that the EK wirus was antigenically refated to but
ot identical wath the virus of herpes simplex, and 1t was believed that the 2 agents
should be considered separate entities More recently, Ruchman®7 and Cheever®
showed 2 close relationship hetween St Lows encephahtis varus and an agent which
now bears the label of EK agent, The 2 viruses were indistinguishable serolog-
€ally®78 and showed the same age-susceptibility pattern in rats® The viruses
differed, however, n that the EK but not the St Lows encepbalitis stram was
capable of imtiatig a fatal encephalitis 1 guinea pigs and rabbits 7 Whether the
agent now labeled EX 15 mdeed the same virus isolated from the epidemic kerato-
conjunctivitis patient or whether it 1s a laboratory contamunant inadvertently in-
troduced nto the culture during the course of ammal passage remans to be clanified.
More recently, Jawetz et al 19 recovered a virus from cases of epidemue Leratocon-
unctivitis which was found?! to belong to the famuly of viruses Lnown as RI ,
APCIL34, or ARD IS agents It 1s to be noted also that comunctenitis without
Leratitls may be a promunent feature among patients with respiratory allnesses caused
by vuruses of this general proup 1637,

* These varuses bave recently been named the adenoviruses
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B. Laporatory DiacNosts

The virus should be isolated and identsfiecd Conjunctival scrapings
from the patient are emulsified in veal broth and inoculated by the usual
procedures 1nto adult mice intracerebrally, into baby mice intraperi-
toneally and intracerebrally, and into rabbits intracerebrally and onto the
scarified cornea The animals woculated intracerebrally or intraperi-
toncally should be observed daily for signs of central nervous system
wvolvement, and the rabbits inoculated onto the cornea should be exam-
ined with a slit lamp for the development of vesicular lesions. The recov-
ered agent should be d in mouse lization tests with hnown
positive antisera against the viruses of St. Louis encephalitis, the agent
now labeled EK, and herpes simplex. Further, the patient’s acute and 3
or 4 week convalescent serum specimen should be tested for neutralizing
antibody against St. Louis encephalitis virus, EK virus, herpes simplex
virus, and the agent recovered from the same patient. For procedures
used in isolation and 1dentification of adenoviruses, see chapter on Pri-
mary Atypical Pneumonia, pages 267 to 270 and Table 2, page 500,

XIIL MEASLES (Morbilli, Masern, Rubeola, Rougeole)

Measles? 15 an exanthematous disease with which nearly everyone is
aftlicted in childhood. The illness is characterized by a prodromal period
in which there 1s sneezing, running nose, redness of eyes, cough, fever,
and the appearance of an enanthem (Koplik’s spots) in the mouth This
is followed by the typical macular or maculopapular rash which spreads
over the entire body. The rash leaves a brownish stamning, and branny

follows Photophobia and penia are usually present
at the height of the disease, and F Ittis is a rare complicati
of the illness.

The disease is caused by a filtrable virus which can be propagated in
chick embryo tissue culture, 23 in embryonated eggs,** and in monkeys.® h
Recently, Enders and Peebles® reported recovery of 8 virushke agents
in cultures of human or simian renal cells woculated with blood or
throat washings from S cases of typical measles Multiplication of the
agents in vitro was accompanied by cytopathogenic changes in the cells,
consisting primanly of the formation of syncytial giant cells wherein
the chromatin assumes a margwnal position and 15 replaced centrally by
an acidophibe substance of unknown nature. Patients with measles de-
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velop neutrahzing antibodies for at least one of the agents 15 the progress
of their disease and, m addition, develop antibodies which fix comple-
ment in the presence of antigen derrved from cultures of the measles
agents.

XIII MOLLUSCUM CONTAGIOSUM

A INTRODUCTION

Molluscum contagiosum 15 an infectious disease of the human skin which 15
characterzed by the formation of multiple, discrete, cutancous epitbelial nodules
about 2 mm 1n chameter These todules are usually peatly white o appearance and
present a central dsmple on the surface Almost any skin area may be attacked ex-
cept the soles of the feet and the palms of the hands The molluscum tumor fre-
quently suppurates and further spread of the wfection may result by scratchng the
area

The disease 15 caused by a virus,! 2 and man appears to be the only host3 6
Cells 1nfected with virus expand greatly i size, and the cytoplasm becomes filled
with an acidtophilic byaline mass, spherca) of pear-shaped, about 20 10 30 & M
diameter The molluscum body i generally considered ta be an incluston body which
encloses a large mass af viral elementary bodies {about 250 mu in diameter) em-
bedded s a gelatingus matrx * 7

B Lasoratory DIAcNosis

1 Microscoptc cxammation of matersal from the lestons A simple
method for rap:d diagnosis has been descnibed by van Rooyen and
Rhodes 3 The nodule after anesthetization with cocame or freezing with
dry ice, 1s squeezed with a forceps, and the aully exudate s collected on
4 glass slide One drop of either Lugol’s 1odine solution or 1 2,000 to
1 25,000 solution of brlliant cresy] blue in physiologic sahine solution 1s
added o the tissue, a cover shp applied, and the preparation 15 examned
with an ordinary microscope, using the dry, high-power objective The
molluscum body treated with Lugol's solution appears as a large, oval,
decply staned brown mass and, with brlliant cresyl blue, as a large blue
mass mside the infected epithehal celt

2 Complement fixation test Mitchell® demonstrated complement-
fixing antibody in a titer of 1 4 or 1 8in 3 of 14 patients with molluscum
contagiosum The tests were performed by the usual procedure, using
soluble viral antigen obtawmed from moliuscum contagiosum nodules,
gumea pig complement, and the patients' serum
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XIV. MONONUCLEOSIS, INFECTIOUS (Glandular Feser, Driisen-
fieber, Monocytic Angina, Acute Benign Lymphoblastosis, Acute
Mononucleosts)

A, InTRODUCTION

Infectious ) is i ipally by Jasia of the
Iymphate system, by mononucleosis, and by increase in amount of sheep cell
beterophile agglutinia 1a the patient's serum The disease is protcanld and may
present findings of {ever, chills, pharyngitis with or without membrane, conjunc-
tivtis, )ymph node enlargement (especially the eervical nodes), splenomegaly, bepa-
tiss, nephntis, and cutaneous rash, Involvement of the central nervous sy stem with

i h Litis may occur 1 rare in-

or

stances The nadence of the disease ts highest in children and young adults. The

illness 25 rarely fatal, and subclinical snlections hase been reported 3
.- I .y .

d of levels of b antibody may assist materally 13
establishing the diagnosis.

B Broon Prcture

The total white blood count varies considerably in infectious mono-
nucleosis, but there is a general pattern which follows the progress of
w« i - e

the total white count may range from 10,000 to 80,000 cells. Fifty to 99
per cent of these cells are monontclear abnormal 1y mphocytes and are
often large, showing a foamy or deeply basophilic cytoplasm and fenes-
trated nuclei.?

C. SERODIAGNOSIS

Between 50 and 90 per cent of patients with infectious mononucleosis
develop agglutinins for sheep red blood cells during the course of their
illness. 3.6 Such agglutinins may be present also in the sera from patients
with serum sickness after injection of horse serum® and in sera from
certain normal individuals ® The heterophile antibody present in cases of
infectious mononucleosis differs from that found esther in indiiduals
with serum sickness or in normal persons and can be differentiated readily
by absorption of the serum with guinea pig kidney tissue (containing
Forssman antigen) and beef erythrocytes 1° Sheep cell agglutinins of
infectious mononucleosis are absotbed by beef erythrocytes but not
by guinea pig kidney; the agglutinins of serum sickness are absorbed by
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both guinea pig kidney and beef red blood cells; the agglutinins of nor-
mal serum are almost completely absorbed by guinea pig kidney but
are not absorbed by beef erythrocytes.

Standard methods for p the onginal Paul-Bunnell hetero-
plule aggl test!! and for of sera have been described
by Stuart 10 These are reproduced below 1n slightly modified form

1 Standard hetcrophsle aggiutination test. To 05 ml volumes of
serial 2-fold dilutions of patient’s serum (wnactwvated at 56° C. for 30
munutes) n physiologic saline solution are added 0.5 ml. amounts of 1
per cent sheep red blood cell suspension For control, 05 ml of ceil sus-
pension is added to 05 ml of phystologic saline solution The tests are
read following mcubation at 37° C. for 3 hours i the water bath. The
titer 15 expressed as the hughest final dilution of serum causing defimite
agglutination Some workers prefer to incubate the tests at 37° C for
1 or 2 hours followed by storage overnight in the refrigerator If this is
done, the tests should be rewarmed to 37° C for 2 hours before final
reading 1n order to obviate any possible effect of sheep cell cold agglu-
tuuns which may be present n the serum 12

‘With the procedure described above, titers of 1 40 or less may be
considered negative, titers of 1 80 to 1 160 are regarded as presump-
tive, and titers of 1 320 or greater are positive As in other diseases, the
demonstration of a significant increase (4-fold or greater) m amount of
antibody during the progress of the illness is of far greater significance
than 1s a positive test wath a single specimen

All sera which show agglutinins for sheep cells should be absorbed
with guinea pig kidney tissue and beef erythrocytes and retested to de-
termune the kind of heterophile agglutinin which 1s present,

2 Absorption test to the type of heicrop lutini)

a  Absorbing reagents *

(1) Guinea pig kidney A freshly harvested Lidney is ground 1n 2
mortar (or by an equally effective method) and the emulsion is rubbed
through 13xxx belting cloth or its equivalent. The strained tissue is
emulsified 1n 15 ml of distilled water and centnfuged at 3,000 rpm,
for 15 minutes. The supernatant fluid is removed and discarded, and the
operation 1s repeated 3 or 4 times The final sediment js diluted with

* These are avarlable in deied form from Cappel Laboratores, Boz 352, W ayne, Fa.
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physiologic saline solution to give a turbidity at Jeast twice that of a
No. 10 barium sulfate standard,!

Guinea pig kidney reagent may be com eniently stored in dried form.
To prepare dried material, the kidneys are ground in a fine meat chopper
and washed with distilled water as described above, The tissue is dried
by lyophilization or in an evaporating dish at 75° C., with frequent
stirring to prevent caking. The dried material is firely ground in a ball
mill or in a mortar, then sifted through 13xxx bolting cloth and finally
stored in a dry place. For use in absorption, the tissue is rebydrated with
sufficient physiologic saline solution to give at least twice the turbidity
of the No 10 banum sulfate standard. Rehydration requires sexeral
minutes and should not be bastened.

(2) Beef erythrocytes. Whole beef blood is defibrinated and the
packed cells, washed 3 or 4 times in physiologic saline solution, are used
to absorb serum.

b. Absorption technic. To 1 ml, of the inactivated serum diluted
1°2.5 is added 1 ml. of gunea pig kidney suspension. The nusture is
incubated at 37° C. for 30 minutes in the water bath, centrifuged at
hugh speed (4,000 r p.m.) for 15 to 20 minutes, and the supernatant fluid
is tested for sheep cell agglutinins as described in section XIV, C, 1
above. It is essential that the supernatant fluid be clear after centrifuga-
tion since strong tusbidity may interfere with agglutination of the sheep
cells. If the agglutination test is still positive, 75 volume of packed beef
erythrocytes is added to the remaining absorbed serum, and the mixture
is incubated at 37° C. for 30 minutes. After centrifugation, the super-
natant fluid is tested for sheep cell agglutinins as before,

c. Interpretation of test results. The sheep cell agglutinins for infec-
tious mononucleosis are removed by absorption with beef erythrocytes
but not with guinea pig kidney

3. Rapid tests for heterophile antsbody.

a. Evans?¢ described a rapid micro method for detecting heterophile
antibody, using capillary blood and a white cell diluting pipette. The
patient’s whole blood is employed, and heat inactivation 15 omitted.
Absorption tests are not included.

b Tannen'® and Glassy®® recently showed that heterophile aggluti-
nation tests performed on glass slides may be of value for rapid screening
of sera before testing by the conventional method.

¢. Mason?? recently reported the development of an ox cell hemo-
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lysin technic which promises to simplify greatly the test for heterophile
antibody in infectious mononucleosis By this method, serfal d:lutions
of the patient’s mactivated serum are tested with standard amounts of
guinea pig and ox cell ion, and 3 lysis end point
is employed, In tests performed with 60 sera from patients with infec-
tious mononucleosis and 200 controls, the ox cell hemolys:n technic was
shown to be of equal or greater sensitivity than the sheep cell agglutina-
tion methed Serum absorption 1s unnecessary and, 1 addition, vabd
results may be obtained in tests with a single serum dilution (1 6) since
normal human sera are essentially devod of ox cell antibody.,

XV NEWCASTLE DISEASE

A INTRODUCTION

Newcastle disease (avian poeumoencephalitss, avian pseudoplague) 15 a bighly
wiectious and lethal disease of fowl (chickens, turkeys, pheasants, gumnea fowl,
sparrows, crows, and parrots) which 1s caused by a virus and which affects the
respiratory, gastrowntestinal, and central nervous systems The malady 1s occasionally
transmitted to humsan bengs who either handle wfected buds (pouliry house
workers) ar who work with the virus i the laboratory 4 The illness in man is
manifest 83 an acute, granular conjunctivitis (sometimes hemorrhagic) wathout
corneal v olvement Preauncular lymphademtss, headache, malasse, and chills may
also be present The disease 1 man 15 self-lmited, and spontaneous recovery octurs
withio 2 weebs

The virus of Newcastle disease (NDV) 13 of sphencal, filamentous, or spermlike
form and 1s of medium size (fllaments about 70 ma by 150 mu) 38 The agent 13 stable
on storage at —70° C or 1 dned form,

NDV vitus multsplies readily sn the allantoic cavity of embryonated exgs, yreld
ing fuds which cause hemagglutmation of sed blood cells from many avian snd
‘mammabian species T After incubation at 20° C 10 37° € for prolonged periods, the
varus 15 eluted from the cells 10 the same manner as mumps and wmffuenza varuses
Hemagglutination 15 inhutated by specific antibody to the virus and 15 one of the
more commanly used methods for quantitaung antibody 1n NDV antuserums, Specific
antibody may also be measured by the complement fixation and in ovo secrum
neutralization techics

B, LanoraTorY DiacNosis

Diagnosis of NDV infection 1n man may be accomplished ¢ither by
the wsolation and identification of the causal agent or by demonstratin ga
significant increase (4-fold or greater) i amount of specific antibody
in the patient’s serum during convalescence

L. Virus isolation Exudate from the infected eye is collected with a
stenle capdlary pipette or a cotton swab and emulsified 1n a smal] volume
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of stenle veal infusion or nutrient broth. If exudate is not present, saline
washings of the conjunctivac may be used. The specimen is treated to
contain 1,000 units each of penicillin and streptomycin per ml. and
is moculated in 02 m). amount into the allantoic cavity of 9- to 11-
day embryonated eggs. (Penicillin G concentrations greater than
5,000 units per ml. may have a destructive effect upon NDV virus).®
Viral infection results in embryo death and in the appearance of hemag-
glutinins in the allantoic fluids 48 to 96 hours (occastonally as long as 7
days) alter inoculation. Second passage should be carried out if the
findings are negative on primary passage. Isolated agents may be identi-
fied by the hemagglutination-inhibition, complement fixation, or serum
neutralization procedures referred to below.

For purpose of virus 1solation, due care must be taken to exclude the
use of embryonated eggs either from flocks which are currently or have
recently experienced natural NDV infection or from flocks which
have been vaccinated with the agent during the previous 30-day period.
Further, positive 1solation results, to be significant, should be supported
by the demonstration of a 4-fold or greater increase in specific antibody
in the patient’s serum during convalescence from the illness,

2 Serodiagnosis ‘The methodology for i of Newcastl
disease infection in man has been neither fully developed nor evaluated.
This 15 the natural of the i of human

infection with this agent and the resultant lack of material for study.
Investigations along these lines have been complicated further by the
existence of heat-labile and heat-stable nonspecific substances in buman
and animal sera which vary in amount and give false positive findings in
in vivo and in vitro serologic tests ™15 Further, marked increase in quan-
tity of heat-stable substance capable of fixing complement with NDV
antigen or of inhibiting NDV hemagglutinin may occur during convales-
cence from mumps virus infection.}%14 16 .

The view has been expressed10+f19 that mumps and Newcastle dis-
case viruses may be related antigenically, and this may be responsible
for the positive serologic findings for NDV in mumps cases. This may
not be the case since Wenner ez al.*15 have reported removal of the heat-
stable NDV-reactive factor from mumps serum by chemical and enzy-
matic methods without sigmficant destruction of mumps antibody: It
seems probable that the reaction between mumps serum and NDV virus
is due entirely to nonspecific factors,
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It is evident that further work will be required to elucidate and
elimunate all nonspecific reactions that may occur i the NDV tests. In
the meantime, a positive serologic result for NDV must be interpreted
with caution, and concomitant mumps nfection should always be con-
sidered Wherever possible, virus 1solation studies should also be per-
formed

The serologic technics employed by the varous workers to measure
NDV antibody are extremely diverse and are widely scattered in the
literature 1t appeared worth while to mcorporate the essential mforma
tion into a set of d serologic p ds which are
below These are mtended to setve only as a guide until the eventual
development of standard tests of proved reliabihty

a Preparation of antigen, seed virus, and control antisera for use
in the serologic tests, Nane- to 11-day embryonated eggs are injected
allantoically with 0.2 ml of appropnately diluted (usually 10} in-
fected allantorc lmd prepared from a knowa strain of NDV virus (a
virulent strain of virus should be used since attenuated vaccine strains
may be relatively nonlethal for chick embryos and may fail to cause
hemagglutination under certan conditions ¥ The eggs are incubated
further at 35° C to 36° C untl dead (2 to 3 days), and the allantoic
fluids are removed after chilling at 4° C Such fluds should exhibit
hemagglutinin titers of 1 320 to 1,2,560, complement fixation tters of
1.2 to 1 16 and should infect eggs m 2 dilution of 107 to 10-® These
materials are preserved in sealed glass ampules at —70° C or are lyophil-
1zed Positive contro) serum for use in the serologic tests may be obtained
from chickens convalescent from the natural disease or from birds which
have been vaccinated with an avirulent strain 1® Rabbit antisera may be
prepared by injecting the adult ammals intravenously or intraperitoneally
with 10 0 ml amounts of heavily infected allantorc fluid on 2 occasions,
1 week apart, The immune serum 15 collected 2 weeks after the last
injection of virus

b Handling of serum specimens Al sera should be heated at 56° C,
for 30 minutes prior to test In order to cbviate differences 1n serum titer
occasioned by normal vanaton 1n the test procedure from day to day,
both acute and convalescent specunens from the patient must be tested
simultaneously.

¢. Hemagglutination-inhibitson test. The same - general procedures
used for of the h test for influenza
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are applicable here3.9:10.141619.20 Hyman “Q" or chicken erythrocytes
function satisfactorily in the tests, Some workers prefer to incubate tests
with chicken cells at 4° C. rather than at room temperature.1®

A convenient hemagglutination-inhibition technic has been developed
by the C i on dard Serological Procedures in Influenza
Studies.?? By this method, serial, 2-fold dilutions of patient's serum
(1:10 to 1:2,560) in 0.25 ml. volume are alloned to react at room tem-
perature (20° C. to 24° C.) with 4 hemagglutinating units (0.25 ml)
of antigen and 0.5 ml. of a 0.5 per cent suspension of human “0” ot
chicken erythrocytes. Serum titers are expressed in terms of initial dilu-
tion of serum (prior to adding the other reagents), and complete inhubi-
tion of hemagglutination is the end point. Known positive and nega-
tive control sera should always be included in the tests.

d. Complement fixation test. Several different complement fixation
procedures have been used, 1014 18.1% A convenient technic is descnbed on
pages 540-41, “Serologic Procedures for the Diagnosis of Rickettsial
Diseases ” By this method, serial dilutions (1:4 to 1:512) of the inacti-
vated (56° C. for 30 minutes) serum in 0.25 ml. volume are incubated
at4° C. overmight (14 to 18 hours) with 2 exact units (0.5 ml.) of guinea
pig complement and 4 umits (0.25 ml.) of NDV antigen. The hemolytic
system (0 5 ml. of a1 5 per cent sheep erythrocyte suspension containing
3 units of rabbit antisheep hemolysin) is added, and the tests are read
after 30 minutes’ mcubation in the water bath at 37° C. The serum titer
is the highest initial dilution of serum causing a 3 - or greater fixation
of complement. The complement titration should be carried out in the
presence of 4 units of the NDV antigen. All sera should be tested with
normal allantoic fluid antigen as well as with the NDV reagent, and all
tests should be controlied with known positive and negative antisera.
Chicken antiserum may not be used for this purpose since immune serum
from this species does not fix complement in the presence of antigen. 1
rabbit antiserum is employ ed, it may be necessary to attempt removal of
antiegg antibody by absorption with normal chorioallantoic membrane
suspension

e. Serum neutrahzation test. These tests are performed in embryo-
nated eggs using the same general procedures as for influenza virus (see
chapter on “Influenza,” pp. 241-61). Serial 2-fold dilutions of serum

(1:2 through 1:256) may be tested with a constant a:maunt of virus
(about 1,000 lethal doses) or serial 10-fold dilutions of virus (‘:Dm"-‘“’:g
10, 100, 1,000, 10,000, and 100,000 lethal doses of virus) may be assay!

with undiluted serum.®%1% Some workers have included serial dilutions
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both of virus and of antiserum in the same test. Equal volumes of inacti-
vated serum and virus are mized and incubated at 37° C. for 30 to 60
minutes, and 0 2 ml, amounts of the mixtures are injected allantoscally
nto 9- to 11-day embryonated eggs. The end point may be based on
embryo death or upon the presence or absence of hemagglutinin in the
allantoic flurd after 48 hours of incubation.

f Interpretation of serologic test results. The demonstration of a
4-fold or greater increase duning convalescence of specific NDV antibody
by the i inhibiti fixation, or serum neu-
tralization (serum dilution method) technic may be considered signifi-
cant. 4
dose 1
least wou ww gy serven 1o Lo
a posttive result. The laboratory results should
ated 1n the hght of the chnical findings

be mierpreled and evalu-

XVI RIFT VALLEY FEVER (Enzoouc Hepatiuis)

A, INTRODUCTION

Rutt Valley fever 15 an acute febnle disease of visal etiology which affects pri-
marily sheep and cattle 1.2 The natural disease has been reported only from Africa
Human beings become snfected through exposure to the virus m the laboratory3s b
or through contact with miected anumals 0 nature The viras has been recoyered
from wild-caught toes, and mosquito 10 laboratory ammals has
been accomplished experimentally 48 Tt 15 believed that these wsects may be of
mportance 1 the natural transmission of the disease

Ruft Valley fever 1 man 1s geaerally 3 muld discase resembhing epidemue mflu-
enza There 15 3 suddea onset § or 6 days afier exposuse to the agent, fever of several
days’ duration, intense prostration, marked aching 10 the joints and extremuties,
abdomnal discomfort, and leucopenia The eyes may be affected 1n certum cases
wath resultant blurnng, retnal hemorrhage, and scotoma giving almest complete
blndness & The temperature curve 1s usually of saddle-back form resembling that
of dengue or yelow fever and the peniod of convalescence 1s short Serologic surveys
bave revealed widespread occurrence of antibody to the ageat among the popula-
tioss of East and Central Afnca recently, and a widespread eprdemic and epizootic
of Raft Valley fever occurred in South Afnca ®

The varus is pathogenic for monkeys, sheep, cattle, goats, ferrets, hamsters,
white rats, mice, and certain other rodents and can be grown n chick embryo tissus
cultwre and in the embryonated egg. Horses, gumea plgs, chickens, capanes, and
pigeons are Insuscepuible to the disease Infected animals develop discrete or coa-
Tescent focal necrosis of the bver with pinpoint bemorrhage surrounding such focl.
The €y toplasm of the eells shows a byaline degeneration, and scdophilic sntranuclear
Indfusion bodws may be observed, The virus may become *Exed” dunng passage in
mice by the cercbral route losiag its visceroteopism, Ferrets fuoculated iatranasally
develop extensive, fata) pneumonla and widespread vascular bemorthages 3s
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The wirus of Rift Valley fever has been one of the notorious agents as regards
infection of laboratory workers It is extremely hardy and will survive in fnfected
serum for months at 4* C 3% While vaccines are avaulable for veterinary use, none
bas been developed for man Heace studies on this agent should be undertaken only
after due consideration and after proper precautions have been taken to prevent its
introduction into neighboring human and antmal populations.

B. Lasoratory Diacnosts

Laboratory diagnosis consists either of the recosery and identification -
of the causal agent or demonstration of significant increase in antibody
for the virus in the patient’s serum during convalescence from the discase.

1. Virus isolation The virus may be recovered from the patient's
blood during the first 3 days of iliness by intracerebral, intrapentoneal,
or intranasal inoculation into mice. It may also be recosered readily
from throat washings.? The infected mice succumb within 2 or 3 days
after inoculation, and the agent may be transmitted serially in mice by
all routes of inoculation The recovered virus is identified in the neu-
tralization test, using known positive antisera. Further, extensive liver
necrosts with the presence of hilic i lear inclusions may be
demonstrated in infected mice

2. Serodiagnosis.

a  Serum neutralization test. Blood specimens are collected from the
patient at onset of illness and again 10 days to 3 weeks later. Samples
of the undiluted sera are heated to 56° C for 30 minutes to desu’oy. the
infectivity of any live virus present in the sera; these are then mixed
with equal volumes of serial 10-fold dilutions of virus (suspenston of
hivers of mice infected with a viscerotropic strain of virus), mcubated at
37° C. for 30 minutes and inoculated intraperitoneally into 12 to 14 gm
white mice. The mice are observed daily for illness and death, ‘“‘.d a
positive test is one in which the } serurn spec 1
at least 100 LD, more virus than does the acute phase serum.

b. Complement fixation test., Broom and Findlay® demonstrated
complement-fixing antibodies in the sera of human beings, r.nonkeys:
sheep, rats, and mice recovered from Ruft Valley fever in{echox}. The
antigen used was prepared from hivers of infected mice ot rats. Haig ﬂ".d
Kaschula (quoted in 1) were unable to detect complement-fixing anti-
bodies in sera from animals or patients infected with a laboratory strain
of Rift Valley fever using antigen prepared from a virulent heterol-

ogous strain.
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XVII RUBELLA (German Measles, Rubeola, Epidemic Roseola,
Roteln)

‘This is a nuld h afflicion of d * There may be
a short prodromal period with mild catarrhal symptoms and malaise
but no fever Ths is followed by the development of a rash which starts
on the face and neck and then extends to the trunk. The rash consists of
round, pink, shghtly raised macules which may be discrete or confluent,
1t is rarely papular and lasts for only 2 or 3 days Shight branny desqua-
mation 15 sometimes seen Koplik's spots are absent, but a fine red en-
anthem may oceur on the soft palate, the tonsils may be enlarged, and
well-marked cervical and ocaipital lymphadenopathy is charactensstic,

The disease is of viral etiology,? and successful passage of the agent
to rhesus monkeys® and cultivation on the choricallantois of the em-
bryonated egg? have been reported Anderson,* however, was unable to
demonstrate multiplication of the sirus in the chick embryo

XVIII, SALIVARY GLAND VIRUS INFECTION, GENERALIZED
(Inclusion Disease, Cytomegalic Inclusion Disease)

A INTRODUCTION

Generaluzed sabvary gland virus wfection 15 en acute and aften fatal ilness
abserved primanly m young chidren (for review see Reference 1) Intrauterme
infection may also eccur resulting 1 death m wtero or durng the neonatal period
The chinical picture 15 of diverse form depending upon the distnbution and seventy
of mfection in the organs Blood dyscrasia and hepatic damage are most commonly
observed among mnfants less than 2 months of age In children more than 2 months
old, the illness 13 often associated with another pnmary disease with the salivary
gland virus infection playing only 2 mumor rale There s evidence that disturbance
of the cellular metabobsm such as occurs m Witamn deficiency may predispose to
this disease

The generalized sabvary gland varus infection 1s caused by an agent or group
of agents which are widespread among mammaliaa speces and which are species.
specific? Expersmental transrussion of the infection by a viral agent has been
accomplished 1n the rodent disease Berause of the stuking sumlarity of the 1nclu-
sions seen n the iniected human and ammal Ussues, it 15 commonly assumed that
the salivary gland sgent of man 13 also & virus

B LaBoraTorRY DIAGNOsIS

Laboratory diagnosis of salivary gland virus infection is accomplished
by demonstrating the characteristic inclusions in sections of tissue from
organs obtained at autopsy. The hiver, kidney s, pancreas, salvary gland,
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lungs, adrenal gland, and intestines should be examined., The cytoplasm
and nuclei of infected cells are greatly enlarged, and the nuclei contain
acidophilic or purplish inclusions surrounded by a clear halo. The cell
cytoplasm is acidophilic or amphophilic and may contain several small
basophlic bodies measuring 2 to 4  in diameter. The inclusions are
usually seen in epithelial cells but may occur also in mesenchymal cells,

XIX. VARICELLA (Chicken Pox) and HERPES ZOSTER (Shingles,
Zona, Zoster)
A. INTRODUCTION

Vaneella 1s a mld febnle disease of infectious natuse which is atcompanied by
an atching vesicular eruption of the skin and mucous membranes. The individual
lesions are surrounded by an area of erythema. Herpes zoster is a severely pamful
malady ized by jon of the dorsal-root gangla or dult
gangla of cranial nerves. Vesicles identical to those of varicella are present in areas
supplied by the affected sensory nerves Varncella occurs primanly in children and
way be present in epidemic form; zoster is rarely seen 1o persons less than 20 years
old and 1s of sporadic occurrence.

Varicella and herpes zoster are caused by simular if not identical varuses {for
discusuon see Reference 1). The elementary bodies of these wiruses are usually
brick-shaped and are about 210 mx by 250 my in 512633 The Duclei of infected cells
contain spheroidal acidophilic 1nclusion bodies which may alsa be found fn the cell
cytoplasm after nuclear degencration. ’

B, LaBoRATORY D1acNosis
I : 1 1 ilable. The

There is no specific P
diagnostic problem is primanly one of eliminating the presence ql
the virus of herpes simplex and those of the variola-vaccinia group; this
can be lished by methods di d in this manual.
Nagler and Rake?3 pointed out that the elementary bodies of varicella
are smaller than those of variola and vaccinia and that observation of
electron micrographs of elementary bodies purified from skin lesions
of patients may be of assistance in differentiating these diseases.

Early attempts to propagate the agents of varicella and herpes zoster
were unsuccessful. However, Rivers* observed focal lesions with intra-
nuclear inclusions in monkey testicle after local injection of varicella
vesicle fluid, and Goodpasture and Anderson® and Blank, Conell, and
Scott® d int 1 1 in human skin grafted onto
the choricallantoic membrane of embryonated eggs and inoculated with

zoster material. .
Sprunt and Hirst? reported isolation of several new nckettsia-like .
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agents !rom chlckenpox vesicle fluid, These agents produced pocks on
the ¢l ied rapidly in the yolk sac of
embryonated eggs and wete pathogenic for guinea pigs by several routes
of inoculation The ongm of these rickettsiae as well as therr relationshup
to human or other naturally occurning disease was obscure, More re-
cently, Weller® reported serial propagation of a number of strains of a
cytopathogenic agent in the roller tube cultures of human skin, embry-
onic skim-muscle, or child’s (3 months to 3 years) foreshin moculated
with vesicle flud from patients with vancella or zoster Patients with
vancella showed an increase in complement-fixing antibody for antigen
prepared from varicella passage material, but the specificity of the re-
action remained to be proved; neutralizing antibody could not be dem.
onstrated

XX. WARTS

Human warts may appear in several different forms wlich are called
common, juvenile (plane), filiform, digitate, or gemtal warts and laryn-
geal papillomata Warts are of viral etiology,! ® and 1t is believed that
all the different types are caused by a single virus.* Successful propaga-
tion of human wart virus i canine vaginal mucosa and rabbit testicle
has been reparted, but other attempts to grow the agcn: In laboratory
animals have not been ful (for ion see Refi 4 and 5)
More recently, Bivins® employed methods used for commercial manu-
facture of animal wart vaccie and recovered an agent from human wart
tissue which produced whitish “pearl-like” lestons on the choricallantoic
membrane of the embryonated egg Unfortunately, the identity of the
agent was not established Acidophilic intranuelear mclusions and “cyto-
plasmic masses” have been observed in ordinary microscopic sections of
wart tumor tissue and “virus-like” particles have been seen by means
of the electron microscope & <t 8

Suftable laboratory methods for diagnosis of warts are not now
available, but the disease 15 sufficiently pathognomonic to obyviate labo-
ratory confirmation of the clinical diagnosis,
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D Ruckettsial Agglutisation Tests
1. General remarks
2. Macroscopic technic
3. Shde technics
4 Capillary technic
E Interpretation of Results of Complement Fization and Agglutination
Tests
F. Antglobuln Sensitization Test
G. Other Serologic Procedures of Laboratory Importance
1 Anttoxin titration
2. Hemagglutination and hemalysis
3. Neutraluzation tests
4 Preuputation reaction

IV. Rerprevces

I. INTRODUCTION

A. GENERAL REMARKS

HE rickettsial infections of man fall into four categories—typhus,
Tspﬂlled. Q, and trench fevers. The typhus-spotted fever group is
composed of several diseases each of which is caused by a dafferent micro-
organism of the family Rickettsioceae. The rickettsiae, about the size
of bacteria, usually appear microscopically in stained smears as pleo-
morphic cocechacillary organisms; they are obligate intracellylar para-
sites, and on the biologic scale lie between the bacteria and the viruses
Each rickettsial agent is capable of multiplying in one or more arthropods
and, except for the organisms of epidemic typhus and trench fever, each
has one or more small animal hosts that serve as reservoirs m nature.
The broad spectrum antibiotics provide excellent specific therapy for
human infections caused by this family of microbes.

Table 1 lists the common rickettsial diseases of man and their etio-
logic agents and provides additional pertinent information, For more
details, especially chnical, the reader is referred to appropriate chapters
in the following textbooks: Text Book of Medicine, Cecil and Loeb;
Principles of Internal Medicine, Hatrison and others; and Viral and
Rickettsial Infections of Man, Rivers and others.

B PrecAutioNs ror WORKERS

In the early period of research on rickettsiae 2 number of investi-
gators died from the rickettsial diseases they studied, and practically all
laboratory workers in this field have suffered infections with these agents.
“The mortal hazard connected with handling these organisms has dimin-
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man $ With proper equipment, training, and vigilance practically all of
these special hazards can be controlled The small laboratory that ocea-
sionally does rickettsial diagnostic work, however, is incapable of proper
precautionary procedures and hence should refuse to undertake diag-
nostic 1solation of rickettsiae from clumcal materials Since serologic
diagnostic procedures that employ noninfectious antigens, obtainable
commercially, provide the physician wth earher definitive mformation
than do the more labonous isolation studies, such practice is entirely
justified as regards service to the chmcian who refers material to the
laboratory.

II. ISOLATION AND IDENTIFICATION OF
RICKETTSIAL AGENTS

Before attempting diagnostic isolation of a nickettsial agent from a
gwen patient, the laboratory worher should reread paragraph I, B and
then decide whether the undertaking, if successful, would provide useful
information 1 the particular instance that could not be supplied more
safely, quickly, and accurately by appropniate serologic studies on speci-
mens of blood taken at the proper times during the course of the patient's
disease. The followmg paragraphs are written for those instances when
the laboratory processes wifectious material esther for diagnostic work
or during the course of research studies 1t is assumed that the reader is
famihar with the general pi ployed m a b: ic labo.
ratory, includng aseptic technics used for autopsying small animals and
for prepanng tissue suspensions Hence, detadled instructions regarding
procedures will be given only when the technology 1s unusual er perti-
nent to the immediate problem

A Cou.x—:cﬂog, SHIPMENT, AND INOCULATION OF MATERIALS
1. Human specimens Each of the diseases in this group is charac.
terized by richettsemua during the febrile penod of the illness in man,
and blood provides the most accessible and switable material for isola-
tion studies Under field conditions one sometimes inoculates amimals at
the patient’s bedside with unclotted whole blood immediately after its
withdrawal Such disruptions of ward routine can generally be avoided
since the specimen 15 suitable if injected into animals within a half hour
after v . Under such ci es, the freshly drawn blood 1s
defibri or b inized (merely wetling the syringe
and needle with stenle USP hepann solution prior to venipuncture is
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ished appreciably within the last few years as a result of () recognition

of defects in common Iab di and introduction of simple
safety measures, () dc»elopment of potent vaceines, and (c) discovery
of antibiotics with specific therapeutic action. At the Army Medical

Service Graduate School (AMSGS) great stress has been and still is
placed on safe laboratory methods.! Until a few years ago all personnel
in the rickettsial laboratory were given a basic course of immunization
against epidemic typhus, murine typhus, Q fever, and Rocky Mountain
spotted fever; furthermore, penodxc booster vaccxmuons were given so
that each individs intained in his blood d

fixing antibodies for epidemic and murine typhus and Q [ewr More
recently the vaccination program has been less rigorously imposed, and
increasing cmphasxs has hecn placed on early xecogmuon and prompt
t of 1 y i Primary ion against the
agent or agents under intensive study by the individual worker is, how-
ever, still employed, and one or more boosler doses are gx\«en at appro-
priate intervals. With the on py lo,
prevent serious illness and an undue period of absenteeism, special
indoctrination of laboratory personnel is essential. Each worker is trained
to report promptly to the d physician, who 15 ible for
the group, if fever and headache de\elop and persist for 24 hours, If the
physician finds no obvious cause for the illness at this time, he (a) as-
sumes that a rickettsial infection is developing, (&) takes the appro-
priate specimens which wall sub 1 assist n blish the
etiologic di is, and (c) diatel specific therapy

Alertness on the part of the laboratory worker and the physician is
mandatory.

Barring the obvious accidents, the well-trained worker in a carefully
regulated laboratory may undertake the simpler type of rickettsial studies
with reasonable chance of avoiding infection in himself and others. Cer-
tain types of procedures are particularly dangerous, however, these are
connected with (a) work with experimentally infected embryonated eggs
and naturally or experi Ily infected arth , (b} the use of lhe
Waring blendor, (¢) empl of the i route for i )2
animals and the intrarectal route for inoculating arthropods, for example,
lice, and (@) use of animals which excrete rickettsiae or contaminale
their ectoparasites. Examples of (d) are guinea pigs that excrete Rickett-
sia burnets in their yrine? and rice that in one laboratory were suspected
of infecting their ectoparasites with R. Gurneti, which i turn mfected
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species other than those mentioned have been used by different investi-
gators for primary isolation of strains, but for erdinary diagnostic studies
in the United States the guinea pig and the mouse are adequate, Partic-
ular mention should be made here of the embryonated egg. The chick
embryo is one of the most valuable hosts available for work when em-
ploying egg-adapted strains of richettsize in problems of research and in
commercial production of vaccines and antigens, nevertheless, it leaves
much to be desired as a tool for pnmary isolation of these micro-organ-
isms. The experience of Rose® mn recovering R ekari from the blood of
8 of 10 patients under study when mice were used, in contrast to 3 single
1solation when portions of the same specimens were inoculated into
embryonated eggs, 1s in accord with experience at the AMSGS with
eggs for primary isolation of R tsutsugamuski, R mooscri, and R.
rickettsi,

2. Arthropods and animal reservoirs. Isolation of rickettsiae from
naturally infected arthropods and small wild rodents seldom falls within
the sphere of the clinical rickettsial diagnostic laboratory. 1f special in-
vestigations of the epidemiclogy and ecology of an unidentified disease
suspected of being of rickettsial origin are indicated, then the laboratery
worker should with an ist and an logi:
1nterested in such a joint study, The following paragraphs indicate a
general line of approach for the laboratory worker.

The resources of a research laboratory are generally required to
identfy a rickettsial agent recovered from naturally infected arthropods
or rodents. The steps in the complete 1dentification procedure are men-
tioned in Chart 1 and discussed in paragraph II, E It should be stated
here, howezer, that such isolation attempts are beset with many prob-
lems other than those concerned directly with nichettsiae, In such work
one encounters the gamut of microbial agents capable of causing natural
infections 1n the host under study, and identification of these is often
more wornsome to the laboratory worker than is the recogmtion of the
rickettsiae which he seehs.

a. Arthropods. In studying stained smear preparations of the tis
sues of vanous species of arthropods, one frequently observes objects
which are morphologically indistinguishable with certaiaty from patho-
genic nckettsiae. Hence, such morphologic evidence 1s not sufficient to
enable a cnitical diagnosis of infection with pathogenic nckettsize, and

the proper handung of the problem involes the following steps: (1) Liv-
ing Lice, fleas, ticks, or mites are collected and placed 10 ootton-plugged
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adequate} and promptly brought te the laboratory for inoculatian. Speci-
mens obtained during the 1st week of illness may be injected forthwith;
however, later spectmens should be freed of plasma which contains anti-
body For this purpose plasma is removed from the centrifuged erythro-
cytes and buffy coat; the cellular clements are resuspended in an equal
volume of physiologic saline and inoculated into animals. Freshly clotted
specimens of blood from febrile patients are sometimes employed for
isolation studies; here the serum is removed and saved for future sero-
logic studies, and the clot after being ground with diluent serves as the
i 1 Occasionally isolation pts are warranted on other types
of clinical material, that is, sputum or urine* from patients with Q fever
or tissues obtained under aseptic conditions at autopsy. The addition of
one of the soluble salts of penicillin in sufficient amounts to bring the
concentration to 100 umits per ml. of inoculum is indicated with urine
or sputum in order to suppress bacterial infection in the animals, Strepto-
myem and the broad spectrum antibiotics should not be used because of
their appreciable rickettsiostatic effect.

When the patient providing the material for isolation studies is
situated more than a half hour’s travel from the diagnostic laboratory
the specimens should be frozen and maintained in dry ice. For this,
whole blood is shell-frozen in adequate-sized tubes or bottles by im-
mersion in an alcohol-dry ice mixture and shipped in an insulated

iner with ient dry ice to maintain the specimen in the frozen
state. If facilities permit, however, it is preferable to obtain 12 to 15 mL
of bload, centrifuge it promptly after clotting, transfer the serum to a
separate contamer, and then freeze and ship the samples of serum and
blood clot. The diagnostic laboratory may use a 10 per cent suspension
of the ground clot as inoculum for isolation attempts and may save the
serum as an acute phase sample for future serologic tests along with
the convalescent serum. Specimens other than blood submitted for isola-
tion attempts should also be shipped in dry ice. Frozen specimens con-
taining rickettsiae should be thawed rapidly by rotating the tube
containing the material in a beaker of tap water and then promptly
processed and injected into ammals.

The fwo species of animals which are ordinarily employed for pri-
mary isolation of rickettsiae of the typhus, spotted, and Q fever groups
of diseases are adult male guinea pigs and adult white mice that are
injected intrapenitoneally with 2 to 4 ml, and 0.5 ml,, respectively, of the

ariety of animals is suscepible to these agents, and several

specimen. A v
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days in order {o permit reactivation of nckettsiae that may be present.
For this 10 to 15 ticks are placed 1n a cage on the clipped skin of the
abdominal wall of a guinea pig The cage is made by perforating the metal
top of a mailing tube” and by attaching the top to the gwnea pig by
adhesive tape, The ticks are removed as they detach, accumulated in a
container at room temperature, and finally pooled for tnturation and
inoculation of animals. It must be remembered that the tick feces may
contain viable R ricketesi, R conori, R burneti, ov Bocterium tularense,
and that these organisms may be transnulted to the guinea pig on which
the ticks feed

1f arthropods are to be transported alive, one must prevent desicea.
tion, starvation, and exposuse to extremes of temperature. Since Jice and
fleas require feeding at Jeast once daily, R is seldom practical to ship
them for long distances Ticks, which are much morxe resistant to starva.
tion and desiccation than most other vectars, may he shipped in cork-
stoppered tubes.

1t is wise to ref: 2 parcel i ne ds upon ss
arrival at the diagnostic labotatory, thus s done de¢fore the parcel 1s
opened, in order to immohilize arthropads that may have escaped from
3 possibly broken container within the parcel Furthermare, chilhing at
3% 10 5° C is the simplest method for ammobilizing arthrapods during
the of a for inocul Before grinding, artbro-
pods may be washed with successiv e porhions of stenfe distilled water or
nemal sabne m order to reduce the numbers of smcro-organisms con-
tamunating their exterjor surfaces. Chemical gernmicides or detergents
are not recommended for this since traces may remamn on the arthropods
despite repeated washings and may kill rickettsiae when the arthro-
pads ase triturated

b Rodents Spleen removed asepticatly from small sodents sus-
pected of being infected with a nchettsial agent provides sustable
material for 1solation studies. A suspension of the tissue may be preparcd
and noculated immediately into anumals or the whole organ may be
stored at ~70° C untid 2 consenent tune for the 1salation attempt,

B. ManirzstaTions or INFECTION 1IN INOCwLATED ANiars

The tas ammals of choice for 1solation of rickettuae m connection
wath diagnostic watk are gunea pigs and mice. The clinical and patho~
logic findings 1 these gecies are mentioned in Chatt 1 and discassed
in some detatl in the fallowing paragraphs
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or screw-capped containers (rubber-stoppered tubes are not desirable);
(2} arepresentative sample is preserved in 70 per cent alcohol for identi-
fication by an entomologic taxonomist; (3) a sample of the collection is
preserved for future microbiologic work by rapidly freezing the intact
arthropods in a tightly stoppered container, which is stored at -70° C.;
(4) a suspension for animal inoculation is prepared by grinding the living
arthropods or the quickly thawed material from (3) in a suitable diluent
usually contajning penicillin (see paragraph II, A, 1) and removing
gross particles by light centrifugation; and (5) the suspension is tested
in animals as outhined for specimens of human blood. Certain points con-
cerning the handling of living arthropods and the preparation of inocula
merit further consideration, since a successful recovery of rickettsiae
often requires attention to details,

One may maintain arthropods alive for several days to permit possi-
ble multiplication of rickettsiae In the absence of safe and simple tech-
nics, the maintenance of potentially infected fleas or of such mites as
Allodermanyssus sanguineus or larval chiggers is not recommended for a
diagnostic laboratory. Ticks and human body lice can be kept with rela-
tive ease and safety 1f the operator accounts for each individual tick or
louse and if simple precautions are taken to prevent contamination of
the laboratory by potentially infectious arthropod feces. Lice should be
fed at least once and preferably twice daily. A normal rabhit is a suitable
host.® The lice are kept in a beaker on a felt pad which is covered on one
side with scotch tape; they cannot climb upward on a clean glass surface.
Between feedings this beaker is placed in a desiccator jar in which the
relative humidity is kept at approximately 60 per cent by a mixture
of sulfuric acid and water of specific gravity 1.295. The entire desiccator
jar 1s incubated at 30° to 32° C. Duning 1 week of daily feedings and
incubation in this range of , epidemic typhus rickettsi in
lice multiply to demonstrable levels, at which time the insects may be
sacpificed for animal inoculation. R prowezeki causes an infection in
lice that is eventually fatal for the insects. Infected lice may pass feces
which contain considerable numbers of viable rickettsiae, and the organ-
isms maintain their viability for several weeks under some conditions of
temperature and humidity. Hence, the skin of the rabbit must be treated
with 70 per cent alcohol after each feeding, and the felt pad and beaker
must be handled with care to prevent the dustlike dried feces from caus-
ing accidental infections m personnel.

Engorged ticks are suitable for immediate use 1n isolation attempts

intended to detect R. rickettsi. Unfed ticks should be fed for several
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days in order to permit reactivation of ricketisize that may be present.
For this 10 to 15 ticks are placed in 2 cage on the chipped shin of the
abdominal wall of 3 guinea pig The cage 1s made by perforating the metal
top of a mathing tube? angd by attackung the top to the gunea pig by
adhesive tape The ticks are temoved as they detach, accumulated 1n a
contaner at room temperature, and finally pooled for trturation and
inoculation of smmals It must be remembered that the tick leces may
contasn viable R. rickettsi, R, canore, R burnets, ox Bacterum tularense,
and that these organisms may be transoutted to the gunea pig on which
thetichs feed.

If arthropads are to be traaspotted alise, ene must precent desicea-
tion, starvation, and exposure to estremes of temperatuse Since lice and
fieas require feedimg at least once daily, it 15 seldom practical to ship
them for long thstances ‘Ticks, whuch are much moxa resistant 1o stacvae
tion and desiceation than most other wectors, may be shipped in cork-
stoppered tubes,

Tt {s wise to vefti; 2 parcel ining hve arthtopods wpon its
arival at the diagnostic laboratory, thss is done defore the pascel 1
opened, in otder to Smmobihize arthropods that may bave escaped from
3 posstbly broken container withun the paccel Furthermore, chilling at
37 10 5° C 15 the ssmplest method for mmmobitizing arthropods duning
the preparatton of 2 suspenston for inoculation Befare grinding, arthro-
pogds may be washed with successyve portions of sterile distilled water or
normal saline 1n order to teduce the numbers of mucra-organisms con-
taminating their exterior surfaces Chemural germacides or detergents
are not recommmended for this sice traces may temain on the arthropods
despite repeated washings and may kil rickeitsize when the arthro-
Pads are tnturated

b. Rodents Spleen removed aseplically from sma¥l rodents sus-
pected of bemng infected with a nckettstal agent provides suitable
matena} for ssolation studies A suspension of the tissue may be prepared
and waculated isemediately 1nto animals ot the whele organ may be
stored 2t ~70° C ustil a convement time for the isolation attempt

B. MantrestaTions ar INFECTION N IROCULATTS ANIMALS

‘The two ammals of choice for jsolation of ricketisiae tn connection
with diagoostic work are guinea pigs and mice The thnical and patho-
Togie findings in these speties are mennoned in Chart 1 and duscussed
in some detayd in the following parapraphs
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or screw-capped containers (rubber-stoppered tubes are not desirable);
(2} arepresentative sample is preserved 1n 70 per cent alcohol for identi-
fication by an entomologic taxonomist; (3) a sample of the collection is
preserved for future microbiologic work by rapidly freczing the intact
arthropods in a tightly stoppered container, which is stored at -70° C.;
(4) a susp for animal inoculation is prepared by grinding the living
arthropods or the quickly thawed material from (3) in a suitable diluent
usually containing penicillin (see paragraph II, A, 1) and removing
gross particles by light centrifugation; and (5} the suspeasion is tested
in animals as outlined for specimens of human blood. Certain points con-
cerning the handling of living arthropods aud the preparation of inocula
merit further consideration, since a successful recovery of rickettsize
often requires attention to details.

One may mantain arthropods alive for several days to permit possi-
ble multsplication of rickettsiae. In the absence of safe and simple tech-
nics, the maintenance of potentially infected fleas or of such mites as
Allodermanyssus sanguincus or larval chiggers is not recommended for 2
diagnostic laboratory, Ticks and human body lice can be kept with rela-
tive ease and safety if the operator accounts for each individual tick or
louse and if simple precautions are taken to prevent contamination of
the lab y by p ially infectious arthropod feces. Lice should be
fed at least once and preferably twice daily. A normal rabbit is a suitable
host.® The lice are kept 1n a beaker on a felt pad which is covered on one
side with scotch tape, they cannot cimb upward on a clean glass surface,
Between feedings this beaker is placed in a desiccator jar in which the
relative humidity is kept at approximately 60 per cent by a mixture
of sulfuric acid and water of specific gravity 1.295. The entire desiccator
jar is ncubated at 30° to 32° C During 1 week of daily feedings and
incubatron in this range of temperature, epidemic typhus rickettsiae in
Lice multiply to demonstrable levels, at which time the insects may be
sacrificed for animal inoculation. R. prowazeki causes an infection in
lice that is eventually fatal for the insects. Infected lice may pass feces
which contain considerable numbers of viable rickettsiae, and the organ-
1sms maintain their viability for several weeks under some conditions of
temperature and humidity Hence, the skin of the rabbit must be treated
with 70 per cent alcohol after each feeding, and the felt pad and beaker
must be handled with care to prevent the dustlike dried feces from caus-
mg accidental infections in personnel.

Engorged ticks are suitable for immediate use in isolation attempts
intended to detect R. rickettsi. Unfed ticks should be fed for several
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days in order to permit reactivation of nickettsiae that may be present.
For this 10 to 15 ticks are placed in 2 cage on the clipped skin of the
abdomunal wall of a gutnea pig The cage 1s made by perforating the metal
top of a mailing tube” and by attaching the top to the guinea pig by
adhesive tape, The ticks are removed as they detach, accumulated 1 a
container at room temperature, and finally pooled for trituration and
inoculation of animals. It must be remembered that the tick feces may
contain viable R, rickettss, R, conori, R burneti, or Bacterium tularense,
and that these organisms may be transmutted to the guinea pig on which
the ticks feed

If arthropods are to be transported alive, one must prevent desicea-
tion, starvation, and exposure to extremes of temperature Since lice and
fleas require feeding at least once daily, it is seldom practical to ship
them for long distances. Ticks, which are much more resistant to starva-
tion and desiccation than most other vectors, may be shipped in cork-
stoppered tubes.

Tt is wise to a parcel hve arth ds upon its
arrival at the diagnostic laboratory, this is done before the parcel 1s
opened, in order to immobilize arthropods that may have escaped from
4 possibly broken contaner within the parcel. Furthermore, chilling at
3° to 5° C, is the simplest method for immobilizing arthropods dusing
the fon of a ion for Before gninding, arthro-
pods may be washed with successive portions of sterile distilled water or
normal saline n order to reduce the numbers of micro-organisms con-
tanunating their exterior surfaces Chemical germicides or detergents
ase not recommended for this since traces may remain on the arthropods
despite repeated washings and may lull rickettsiae when the arthro-
pods are trturated.

b. Rodents, Spleen removed aseptically from small rodents sus-
pected of bemng infected with a richettsial agent provides suitable
material for isolation studies. A suspension of the tissue may be prepared
and inoculated immediately into animals or the whole organ may be
stored at ~70° C. until a convenent time for the 1solation attempt,

B. MANIFESTATIONS OF INFECTION IN INOCULATED ANIMALS

The two animals of choice for 1solation of rickettsiae m connection
with diagnostic work are guinea pigs and mice, The chnical and patho-
!ogxc findungs in these species are mentioned 1n Chart 1 and discussed
in somme detail in the following paragraphs



CHART 1
PRIMARY ISOLATION OF RICKETTSIAE
Broop rrox Frianz PATiENT

2-4 ml,
intrapetltoneally
TWO MALE GUINEA PIGS, 450 gm.

No Frvex Favix wiim
gﬂ:‘; s No Serotal Reaction Serotal Swellmg Scrotel Necrosit
213t day or Supect
bleed at 28 | 8) R prowazeks 2) R moosers 3) R.ockestsi
days and test | b) R. burnets b) R conon
for specific | c) Some strains of ) Some strascs of
complement. R tsutsugamushi Rorickettsh
fixing antle ) Some stralas of
bodies. R akans

Maintaln by passage of bacteriologically stenle materlal. Demonstrate
intracellular rickettsiae 1n Giemsa or Macchisvello stained smears of

appropriate tissues.

Fonel ldentsfication
1. Demonstration of antibody in sera of convalescent guinea pigs Using
. . A
2 ' . aw -

of speaific complement-fxing
positive antisera,

L
antigen for testiog with standarduzed

Brooo rxox Frseme PATIENT

.$ ml.

Intrapentozeally
SIX ADULT WHITC MICE

No Chinical Disease

Sickness, Ascites, ond Death

Autopsy one mouse on 14th day, another on 215t

Intracellular nckettsiae 10 staioed
smears of pentoneal and splenc

i munimal perstonits and
splenomegaly observed at
autopsy, suspect R tiue
tsugamushu or R, akars of low
virulence, or R burnet! or R
mootcrs

Maintain for several pas-
sages, look for nckettsiac in
smears.

If rickettsiae obsersed and
of strain becomes lethal for
mice do procedures lsted
under Final Identifcation,
I nclettsial infection re-
mains noslethal for mice,
chaltenge convalescent mice
with Loown lethal strains of
R tsutsugamushs or R akari
I R burneti or R moosers
considered Likely, establish
10 gulnea pigs and test their
convalescent sera for com-
plement-fnung antibodies.

Autopsy four sur-
wnving mice on
281h day and dis-
card Report nega-
tive results 1f all
ansmals normal

surfaces

Presumptive
R tsulsugamushs or R akare
Mauntain by passage

Finab Mdentification
1. Demonstration of reslstance of
convalescest mice to known
strain® reciprocal cross-protect
tion tests If indicated
Infect guinea pigs and test con
ralescent serum for specufic anti-
bodies.
Establishment of isolate in egzs
and preparation of soluble anti+
gen for testing with standarduzed
positine antisers.

-
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1. Gumea pigs. Ruckettsial infection fn the guinea pig is almost -
rariably accompanied by fever, which usually appears during the latter
half of the 1st week after noculation with matenals {rom patients with
murie typhus or Rocky Mountain spotted fever, or early in the 2d
week after injectton with blood from cases of epidemic typhus or Q fever
(Table 2). Rectal temperatures of 40° C or 104° F, or higher, are
indicative of fever, Infected animals remain febnle from a few days to a
week, after which those moculated with R prowaseki or R. moosers
recover without sequelae, In contrast, even primary isolates of R. rickettss
and R burnets frequently produce fever of a week’s duration and are
sometimes lethal; after a few passages they may kil the majonty of
guinea pigs

The response of the scrotal tissues of adult male guinea pigs dunng
rickettsial infection aids in preliminary identification of the agent, The
three classical vesponses are those encountered in epidemic typhus,
manne typhus, and Rocky Mountain spotted fever In epidemic typhus
no abnormalities of the scrotwm are observed throughout the experimental
disease The reaction mn muring typhus 1s characterized by edema and
erythema, which begins about the time fever develops The skin becomes
glossy, tightly stretched, and red, and the testicles are not readsly pushed
back into the abdominal cavity The subside after 2 few
days, The most severe reaction occurs in experimental spotted fever
This begins aiter several days of fever, with findings at the onset similar
to those of murine typhus However, a macular rash subsequently ap-
Ppears over the scrotum and adjacent areas of skin, and withia a day or so
becomes purpuric The lesions become necrotic, and superfictal ulcers
appear that heal with scarring after some days if the animal survives
The scrotal reactions seen 1n other rickettsial ifections are indicated in
Chart 1,

Post-mortem examination of infected gwnea pigs that are sacnificed
alter several days of fever reveals few aboormahties other than those
assoctated with ruld peritonitis and the scrotal reaction, if present Evi-
dence of the former may be limmted to a thin, fibrinous exudate over the
splemc surface The scrotal reaction when present is characterized by
edema, injection, and hemorrhages 1n the tunica vaginahs, which is
brought into view by applying gentle traction o the spermatic cord
until the testicle is retracted 1nto the exposed abdominal cavity.,

Smears for microscopic examination are prepated by lightly touching
the uncut surface of the spleen or the tunica vagnalis to 2 thoroughly
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cleaned glass slide, bloody areas of tissue are avoided. The smear may
be fixed and stained by Giemsa’s method, in which case the intracellular
rickettsiaze appear as bluish purple, small, coccobacillary structures.
Macchiavello’s dure is Ny preferred by the author, however,
since 1t stains the rickettsiae bright red in sharp contrast to the blue back-
ground material Snyder ® summarizes the method as follows:

which 1s then quickly dipped 1n the freshly prepared cutric aad solution; it 15 re-
moved immediately and placed 1 a dush confaning running tap water. The final
step us the flooding of the shde with methy lene blue, which 15 poured off aiter & few
seconds The shide 1s then washed briefly in running tap water, and dned with &
piece of Elter paper.

Ruckettsiae are usually scarce in smears from animals inoculated
with material for diagnosis, and a few words of advice regarding the
method of mucroscopic examination are in order The stained smear
should be scanned under low power magnification until one finds 2 thin
portion in which there are several large, properly staned serosal cells.
‘These cells, and a few others in the immediate area, are examuned under
oil immersion, If rickettsiae are not observed immediately one returns
to the low power objective and searches for another likely area. Thus,
most of the allotted time is spent looking for suitable cells in which to
see rickettsiae, and high ion is employed only to i
whether they are actually present. In original and passage animals, -
microscopic identification of rickettsiae is established only when the

isms are observed i

2. Mice. Mice inoculated with clinical material containing virulent
strains of R tsutsugamushi or R, akari usually show signs of illness to-
ward the muddle or end of the 2d week. Roughenng of the fur and inac-
tivity are followed in a few days by abnormalities m breathing and
abdominal fullness If death occurs at this time the pathologic changes
may be minimal, but usually the ! stages of the i
described below are recognizable Mice with severe scrub typhus that
survive into the 3d week often display obvious subcutaneous edema of
dependent parts, marked ascites, and labored rapid respirations, Such
amumals at autopsy show wet subcutaneous tissue with congestion of
vessels and enlargement of superficial lymph nodes. The peritoneal cavity
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is distended with 3 to 8 m! of serofibrinous fluid The spleen 1s several
times normal size and the hiver congested The pleural cavities contan
up to several mls, of fusd, and areas of hemorrhagic pneumoma may
occur, Two types of smears for d jon of rickettsi
are prepared One 1s an impression smear from the surface of the spleen.
The other conststs of scrapings obtained from the parietal peritoneum
with the edge of a knufe blade and spread thinly over a clean glass slide.
Giemsa’s procedure is usually used for staining such smears Advice re-
garding microscopic examinations of rickettsial smears was given in
paragraph II, B, 1

Ruckettsiae of low virulence for muce, including many newly recovered
strains of R gkari and R fsutsugamushs and practically all strains of
R hurnets and R, mooseri, produce minimal signs of disease which may

nickettsiae in stamed smears and to imtiate passage of tissues to normal
mice,
C  MAINTENANCE OF AGENTS IN ANIMALS

Most of the pertinent wnformation on maintenance of newly recovered
strains of rickettsiae 1s given in Chart 1 and Table 2. In general, one of
the sick amimals in the group recewving chinical material 15 sacrificed
within a few days after onset of obvious disease, Its spleen, tunica, o1
brain 15 removed aseptically, ground i a mottar with abrasive, and
made up to ly a 10 per cent suspension with an.
diluent After freeing the suspension of gross particles by permtting the
material to stand for a few minutes or by low speed centnfugation, 1 to
2 ml are promptly wjected intrapenitoneally into each of 2 or 4 guinea
pigs, or 025 to 0 50 ml amounts are adtunistered intrapentoneally to
4 or 6 mice Matenal from gumea pigs is passed to guinea pigs and from
mice to ymice until the agent 1s established 1n a laboratory host,

One of the 2 ongmal guinea pigs mjected with climcal matertal and
3 or 4 of the muce should be kept under chservation for some days after
a member of the group has been sacrificed for passage. This provides
another source of rwfectious material wn case routine bacterial cultures
reveal contaminants 1a the suspension used for passage Moreover, ob-
servations on the coutse of the disease 10 surviving animals of the orrginal
group may assist in prelmunary identification of the agent (Chart 1).
Fimally, sera from convalescent guinea pigs of the otiginal or 1st Dassage
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group when tested for type-specific antibodies may provide the definitive
identtfication of the agent. Specific antibodies may appear even though
climical disease was unrecognized in “misses” among animals in the
original gronp and usually develop in the occasional passage animal that
survives without apparent illness while its mates develop disease. Sur-
viving convalescent mice when subjected to challenge with established
strains of R. akari ar R tsutsugamushs may also assist n early identifica-
tion of the agent

Blind passage is usnally unrewarding when all gumea pigs inoculated
with a given clinical materal remain well. If strong suspicion exists that
inapparent infection occurred in the guinea pigs, then the laboratory
worker should bleed the animals at the end of 4 weeks of observation and
test the sera for specific antibodies.* In contrast, hlind passage, or rather
passage on the basis of questionable evidence of disease, is often worth
while in mice inoculated with specirens from patients with rickettsialpox
or scrub typhus,

Several practices of ancillary importance in maintaining newly 1so-
lated rickettsial agents are epitomized below. Physiologic saline solution
or peptone broth may be used as diluent when 10 per cent suspensions
of infected tissue are employed for passage However, a diluent which is
less damaging to rickettsiae—for example, saline with sufficient normal
rabbit or guinea pig serum to make a 10 per cent concentration—is
usually employed. Each inoculum is cultured for contaminating bactena,
for this puspose a portion is streaked on blood agar and a few drops are
placed in thioglycollate broth A portion of the tissue used for passage to
animals 15 stored at ~70° C, a bit of freshly removed sterile organ is
placed in a properly labeled, stoppered tube and stored in a dry-ice chest

D CorrrvarioN oF Rickerrstae ;v EMBRYONATED Eccs

1 General. Each of the rickettsiae listed mn Table 1, except R,
quimtana, can be adapted to luxuriant growth in the embryonated egg
The process usually is either tedious or dufficult, however, which accounts
for the fact that the embryonated egg 1s held n poor esteem for the pri-
mary isolation of rickettsiae from clinical material. For the same reasons
the preparation of complement-fixing antigen from yolk sacs infected
with a newly isolated strawn is placed last in the lists of procedures men-

* Price (Science, 1953, 178, 49) has demonstrated the occurrence i paturally inf
. 1953, 118, ly snfected
ks of stcas of R pucketées whrch sce nanoxdogesic fof gunea piga but grow seadily fo
embryonated eggs  Such strams may elicit a1 IDMUROENIC fesponse in Fuiven pigs,
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tioned in Chart 1 for final identification of a strain, When adapting a
rickettsial strain to growth in embryonated eggs, the most infectious
material available from experimental animals (Table 2) is obtained
under strictly aseptic conditions and inoculated without antibiotics into
the yolk sacs of 5- to 7-day-old embryos, The strain is maintained by
passage of yolk sac material inte new embryonated eggs at intervals of
6 to 10 days. From a few to many such passages may be required before
a constant fatalty rate is manifested in inoculated eggs and before
rickettsiae are demonstrable in stained smears of yolk sac tissues, It may
be mentioned that concentrations of the order of 108 rickettsiae per gm.
of yolk sac tissue are required in order to recognize with assurance the
organisms in stained smears prepared in the usual manner, Moreover,
yolk sac tissues which provide barely adequate starting material for
preparation of complement-fixing antigens contain at Jeast 102 rickettsiae
per gm. It is not unusual under optimal conditions with well-adapted egg
lines of 2 number of the agents to obtain 101! infectious units per gm. of
yolk sac. However, R. ¢sutsugamuski and R. rickettsi grow less luxuri-
antly, and tters of 10-% to 10~ are the rule with the former, The pro-
cedures used for cultivation of rickettsiae in the yolk sac of embryonated
eggs will be given in some detail in the following subsection. Maintenance
of certain strains by other routes in eggs—for example, on the chorio-
llantof L d cultivation in tissue cultures present no partic-
ular ad ges to the di: lak y over the yolk sac route;

hence, will not be discussed.

2 Incubation and inoculation. Fertile hen’s eggs from flocks free of
pullorum and Newcastle disease are kept at 37° to 38° C. m a commer-
cial egg incubator where temperature and humidity (about 60 per cent)
are properly controlled After § to 7 days of incubation, eggs are candled
and those with viable embryos are selected for inoculation with rickettsial
material, The eggs are placed with the small end down in boards with
properly bored holes (Fig. 1). The large end containing the air sac is
painted with tincture of iodine, and a small hole is made through the
shell, using a motor-driven or hand dnill, after which dust is wiped off
with an alcohol swab, The inoculum is loaded into a syringe to Whic!:
has be . T

thene

shoulc .

is inst '
TOW Wauan sasne wormmn
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are injected. Expenence has shown that under these conditions the
inoculum is almost invanably placed in the yolk sac. The needle is with-
drawn perpendicularly while one finger fixes the barrel of the syringe to
prevent inoculum dripping from the needle duning movement to the next
egg After all the eggs have been moculated the ends are wiped with
aleohol and sealed with wax, collodion, or scotch tape The eggs are then
placed m trays 1n an egg incubator held at 35° C When small numbers
of embryonated eggs are used only occasionally, simpler equipment than
that mentioned above may be employed for incubation Here a bacterio-
Jogic incubator set at 37° C and containing a pan of water will serve for
incubating eggs before and after moculation Furthermore, the ordinary
catdboard package in which eggs are purchased at the grocery can be
used 1n place of special trays
Inoculated eggs are candled daily. If a good commercial candler 15
lable, one may a lamp fitted with a card-
board diaphragm having a hole mto which the large end of the egg can
be inserted to a depth of a centimeter

3. Harvest, passage, and storage Embryos that die within 24 to 48
hours after oculation are discarded When candhing after this peniod
reveals sluggish movements of the embryo and inadequate circulation,
as evidenced by puddhng of blood in dependent parts of the membranes,
the egg 15 opened and exammed The arrangement shown in Figure 2 is
conventent for such work The egg 1s placed in an dividual holder (an
ether or Juice can with the top removed and the rim padded with plasti-
cine), and the air sac end 1s painted with tincture of 10dine The shell
over the ait sac 1s cracked by a sharp blow with forceps and then removed
piecemeal, The exposed shell membrane which forms the floor of the air
sac s torn away with sterile forceps The egg contents are then poured
into a sterile petr1 dish, another parr of sterle forceps may be used to
assist the delivery, With two pairs of forceps the yolk sac tissue 1s de-
tached from the embryo, gently squeezed free of excess yolk fluid, and
then transferred to another petr: disk The same forceps are employed
to separate a small it of tissue from the yolk sac membrane. This 1s
smeared around on a dry portion of the petn dish to remove excess flurd,
after which 1t is smeared on a glass shde, heat-fixed, and stained by
Macchiavello’s techruc, The shide 15 exammed immediately under o1l im-
mersion to determine whether bacteria or rickettsiae are present; coccr
and bacills usually stain blue while nckettsiae are red. If no bacteria are
observed the worker returns to the bench and separates the yolk sac
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tissue into equal parts; one half is placed in a mortar preparatory to
grinding and the other half in a Wassermann tube for storage at =70° C.
The portion in the mortar is triturated with alundum, and sufficient
buffered saline solution added to make an approximate 10 per cent sus-
pension, whick is taken up in a pipette with 3 sucking tube attached and
dispensed into a centrifuge tube. The final drop of suspension is em-
ployed for culture on a blood agar plate. After centnfugation at low
speed the midzonal fluid is used as inoculum for eggs of the next passage.

E. SEROLOGIC AND IMMUNOLOGIC IDENTIFICATION OF AGENTS
The first and simplest step in the final identification of a newly

[

one suspects the isolate belongs (Chart 1). The technic of the test is dis-
cussed in patagraph III, C of this chapter. Certain of the type-specific
rickettstal antigens can be obtained commercially, If these are not readily
available, the small laboratory would be well advised to enlist the help
of one of the laboratoties regulatly engaged in rickettsial work. Sub-
mission of 2 to 3 ml. of sterile serum from I or several convalescent guinea
pigs along with a brief description of the circumstances of the isolation
and the experimental disease produced in animals should provide the
reference laboratory with suitable material for preliminary jdentification.
Such serologic identification of a rickettsial strain is generally adequate
in clinical diagnostic work. The additional steps in identification listed in

Chart 1-—cross-i ity tests and ion of specific
fixing antig: icated, expensive, time- ing, and un-
warranted except in special circumstances.

Isolates d in i I mice and d of being R.
akari or R. i are readily identified by d ing re-
sistance of animals to ly 100 LD, of a known

strain of one of these agents* (Chart 1). Another procedure is to infect
guinea pigs with the mouse-adapted isolate and then test their convales-
cent sera for specific complement-fixing antibodies. This is usually suc-
cessful even though the ariginal chnical specimen that yrelded the rickett-
siae in mice failed to produce obvious disease in guinea pigs,

« Classical strains of the common rickettsial agents may be purchased from the Viral
and Ruckettsial Registry of the American Type Culture Collection, Washington, nec.
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III. SEROLOGIC PROCEDURES FOR DIAGNOSIS
OF RICKETTSIAL DISEASES

A. COLLECTION AND SHIPMENT OF SPECIMENS

1. Tume of collection. The laboratory diagnosis of rickettsial diseases
is established most convincingly and easily by the demonstration of the
appearance of specific anubodies in the blood of the patient and their
increase in titer during the course of wmfection and convalescence, Several
types of antibodies of diagnostic importance develop at different times
during the disease, Therefore, the well-equipped laboratory should per-
form several types of tests designed to provide the earliest possible
tentative laboratory diagnosis as well as the final specific laboratory
dhagnosts, Such a laboratory can be of most assistance to the chnician
1f he submuts 3 samples of blood taken from the patient as follows:
(1) during the first few days of illness, (2) during the 2d week, and
(3) duning the 4th week after onset Some information of diagnostic
value can be obtamed from a single specimen of blood taken late in the
febrile penod or dunng convalescence, but such Limted studies are not
to ba encouraged It 15 the duty of the laboratory worker to educate the
clinician to employ fully the available diagnostic tests to the best ad-
vantage for the patient, and this cannot be done when only 1 sample 15
submitted. If the laboratory worker is to employ his procedures intelli-
gently, he must know at what period the blood was drawn. Therefore,
the chinician must indicate this temporal relationship on the request skip
which accompanies each sample subnutted,

2. Techmc and shipping Specimens for serologic studies are ob-
taned and shipped as follows at least 5 ml of blood are drawn asepti-
cally from Lhe patient’s vemn wuh a stenle dry syringe and needle, placed

T T . .
bearing t.he patient’s name, the physxclan s name. and addxess, the chmra.l
diagnosis, the date of onset of disease, the date on which the sample was
taken, and the type of test requested, 1s wrapped around the inner tin
contamer before 1t 15 placed mside the outer cardboard container, The
outside cardboard container should bear the return address of the physi.
cian and the address of the Iaboratory, 1t should also be clearly marked
“Rush—$, {or Pouch with First-
Class Mail * The attending physician should be cautioned against send-
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ing specimens so that they reach the laboratory on week ends or holidays.
It is preferable that he hold the specimen for a day or so in his refrigerator
and then mail it to arrive on a workday.

B. Wen-Ferx Test
L. Preparation of proteus suspensions and technic of the tess. The
Weil-Felix test i to be of iderable imp in the early
presumptive diagnosis of a number of rickettsial diseases.? While it is
recognized that the reaction is nonspecific, nevertheless, its simplicity
and the fact that positive results may be obtained late in the 2d week of
disease warrant its use. The test tube titration of antibody is more accu-
rate than is the slide agglutination method, and the use of the last-
mentioned should be restricted to field workers, For details of the proteus
shde agglutination technics of Castafieda®® and of Welch,! the original
it should be Ited. The proced ployed at the AMSGS
for the preparation of suspensions of Proteus bacdius OX-19, 0X-2, and
OX-K strains, and their use in agglutination tests, have been described
by Plotz !? essentially as follows:

Only the O or nonmotile vaniant of the Profeus bacidlus 1s used for the aggluti-
nation reaction since it is this antigen which reacts specfically with sera from
nickettsial diseases The punty of the strain should be determuned frequently by
strealung on a veal agar infusion plate. After twenty-four hours' incubation, the
smooth, nonspreading O type colonies are sefected and transferred to tubes of dry
agar and broth If the organisms are nonmotile the culture may be used for the
agglutination test All cultures should be maintained on dry agar slants, Lyophiliza-
tion 13 helpful in mantaining a culture as a pure O vanant.

‘The agglutination reaction may be performed with living or hulled cultures, The
antigen 1 prepared by suspending eighteen to twenty-four hour agar cultures in 085
per cent saline The turbidity of the suspension 1s adjusted to that of tube 3 of the
McFarlind nephelometer scale. The hilled antigen is prepared as follows, A smooth
nonmotile stramn 15 grown on agar n Kolle flashs, and the culturs 15 wasbed down
wath sufficient sahine to mahe & heavy suspension, and 0S per cent formalin is added.
This represents the concentrated stock This antigen is then diluted with salme when
needed to have a turbidity equal to tube 3 of the McFarland scale,

A test is by mixing 0§ cc, of
serum dulution and 0§ cc. of antigen suspenston Serum dilutions of 1 to 10 through
1 to 640 (final dilution I to 20 through 1 to 1,280} are usually sufficient A control
tube contaming 05 cc. of antigen and O 5 cc of salne should be included as well as
a positive serum control Tests and controls are 1ncubated 1n the water bath at 37° C
for two hours followed by storage overnight in the icebox. Complete agglutination
1s indicated by absolute clearing of the supernatant flud and by settling of the organ-
1sme in large white particles at the bottom of the tube Partial agglutination 1s Indi-

cated by mcomplete cleanng of the supernatant fluid and dinunution in sze of




RICKETTSIAL DISEASES 533

bactenal clurps When the tubes are shahen, granular agglutinated masses of bactersa
are seen To facilitate reading, the tubes may be held in front of a concave murror
and the tmage examined

2. Interpretation of results The typical responses obtained with
suspensions of 0X-19, OX-2, and OX-K Proteus organisms and con-
valescent sera from patients with ricketssial diseases are given in Table 3
The classical findings of agglutination of the OX-19 organism by sera
from cases of epidemic and munine typhus and of OX-K suspensions by
sera from patients with scrub typhus are indicated The Weil-Felix
response m Rocky Mountam spotted fever may be of several types, a
high OX-19 and a low OX-2, or elevation of both OX-19 and 0X-2, or,
occasionally, 2 low OX-19 and a high OX-2 ' Sera of cases with nichett-
sialpox or Q fever to agglutinate any of the three organisms

TABLE 3
UsuAL WEsL-FELIX AGGCLUTINATION REACTIONS OBSERVED IN RICRETTSUL Distases
0X-19 0X-2 OX-K

Epidemuc typhus ++++ + 0
Munne typhus R + 0
Scrub typhus ¢ ° s
Rocky moustais spotted fever and A |+ ot

fracan tick fever + JrarLr H
Rickettsialpox [ o o .
Q fever o 0 o

‘The Weil-Felix agglutinins may appear as early as the 5th or 6th
day after onset of fever in those diseases in which the reaction becomes
positive, and they are almost always present by the 12th day. These
antibadies generally reach thewr maxunum in early convalescence and
then decline rather rapidly to nondiagnostic levels in 1 to several months,
Occasional patients with typhus er spotted fever do not develop OX
agglutimns This occurs in about 15 per cent of vaccinated persons who
subsequently contract typhus 1 and is the rule in Brill’s disease, partic-
ularly when the recurrent attack occurs within a decade after the imtial
episode,15:1¢

A rise in antibody titer, demonstrated i a series of 2 or more sera, is
essential for the presumptive diagnosts of nickettsial disease when the
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Weil-Felix reaction is employed. One is not justified in interpreting the
results of tests on a single serum, unless the titer is high, that is, well
above 1/160. The Weil-Felix reaction is of no value i differentiating
epidemic and murine typhus and frequently fails to provide even pre-
sumptive evidence for separating spotted fesver from murine typhus.,

The Importance of maintaining a supply of known positive human
sera for rechecking the bacterial suspensions at frequent intervals should
be emphasized. Aging sometimes renders such antigens hyperagglutina-
ble; this should be suspected if a number of unexplained positive results
are found

C. CoMPLEMENT Frxatton Tests .

1 General remarks, The speafic serologic technics of greatest io-
portance in the diagnosis of rickettsial infection are the complement
fixation and agglutination tests that employ rickettsial matenal as anti-
gen. In general, the first-named has been employed more widely than the
fast, but each is satisfactory in experienced hands. Although these
methods were applied in the rickettsioses long ago,17 3 it was only in
the early 1940’ that they began to be employed frequently for clinical
diagnostic work; this folloned the development of methods for the
preparation of materials rich in rickettsiae. Such methods became asail-
able when Castafieda®® showed that rodent lungs were suttable for the
profuse growth of R. mooscri and when Cox** demonstrated the useful-
ness of the yolk sac tissue of embryonated eggs for the culture of the
typhus and spotted fever groups.

D ! fixation procedures are available for each of
the common rickettsial diseases except trench fever (Table 1). Type-
spectfic antigens can be prepared which will usually permut differentiation
of even closely related infections, for example, epidemic and murine
typhus. On the other hand, group-specific antigens, which are suitable
for differentiating infections caused by the epidemic-murine typhus group
{from those attributable to the spotted fever-rickettsialpox group, ave less
expensive but usually fail to provide exact identification of diseases
resulting from rickettsiae with common antigens such as R. prowazcki
and R. mooseri or R, rickettsi, R akari, and R. conori®** In many
geographic areas only one member of 2 related group of rickettsiae 1s
prevalent; here the less expensive group-specific di ic antigens are
adequate, In certain instances 1n civilian medical practice, and generally
in military medicine, it is of the utmost importance to determine the
exact rickettsial agent responsible for illness in a given individual; under
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largely xesponsxble for the gmup spexific reactions, These are dlssocmled
{from ether-ireated rickettsiae during repeated washing and differential
centrifugation, leaving purified suspensions of organisms that serve as
type-specific antigens.®? In the epidemic-munne typhus group the type-
specific antigens are heat labile and the group-specific antigen is heat
stable.2-27

A vanety of has been loped for the of
rickettsial antigens that are type- or group-specific or that react in an
intermediate fashion In this chapter only three will be described in
detail, namely, one method for ob g washed type-specific rickettsi:
and two which yield materials contaimng soluble antigens.

2 paration of type-specific washed ric ial entigens. The
method onginally empl od by Plotz*? for ing type-specific anti-
gens fram R prowazeki and R. moosers, which 15 given 1n detail in the
following paragraphs, embodies most of the essentral steps 1n the prepa-
ration of washed rickettsial antigens from infected yolk sacs, Medifica-
ti0ns of the basic procedure currently 1 use at the AMSGS for preparing
washed suspensions of R rickettsi, R. conori, R akari, and R, burnefi
are then descnibed brefly In each 1nstance 6- to 8-day-old chick embryos
are inoculated into their yolk sacs with a sufficient concentration of seed
virus to cause death of some of the embryos i 4 or 5 days and to make
most of them monbund on the 6th or 7th day, at which time tissues of
affected but viable embryos are harvested

Plotz used as starting matetial crude typhus vaccie obtained by

4 Method A of Craigie 2%, which 15 essentially as follows:

At the time of collection, the infected yolk sacs are allowed to dramn on bronze

0855% sodium chloride 1n distilled water, e eves eas 4s 4 parts
Sorensen’s sodira potassium phosphate buffer, pH 70...... 1 part
Formalin (40% formaldebvde) .. ..  ...... ... .. fo 03%

The suspension 1s filtered through bronze ganze and placed i the cold room to
permt the yolk cream to nise to the surface After several days the suspension 15
siphoned off from below the yolkIzyer and centrifuged at 4,000 1 p 4 1 an angle head
i the refrigerator to deposit the nchettsiae along with other particulate matter
present, The foating yolk cake 15 carefully removed and the supernatant 1s discarded.
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Care 1s taken to swab adhening traces of yolk from the tube before proceeding to
resuspend the deposit The deposit is resuspended in duuting Suid similar in compo-
sition to that noted above. The diluting Quid 1s added in the proportion of 10 cc. per
onginal yolk sac The deposit, after thorough dispersion, is kept in the refngerator
for several days to permit sedimentation of coarse particles to cccur. The super-
natant, which contauns rickettsiae in suspension, is processed thus:

A separatory funnel of suitable capacity is half-filled with the suspension and &
half-volume of anesthetic ether is added, The funnel Is shaken vigorously and
extensive emulsion formation occurs, If separation of ether at the upper surface does
oot begin within a few mnutes, a further amount of anesthetic ether should be
added and incorporated by hight shaking. After standing for a shost period, provided
care has been talen earlier to exclude the bight fraction of yolk, separation occurs
1nto theee layers* (o) an upper layer of excess ether, (5) a middle emulsion layer, and
(¢) a lower aqueous layer The middle emulsion layer (b) contains tissue fragments
and yolk particles whule the lower aqueous layer (c) contains rickettsiae in suspension
along with a reduced amount of eell debns (and appreciable amounts of soluble
antigen),

Plotz** applied additional washing procedures to the material ob-
tained by Craigie's method, this yielded a highly purified suspension
of rickettsiae essentially free of cellular debris and soluble antigen. His
procedure was essentially as follows:

The lower aqueous layer (c) Is centnfuged in the cold in an angle centrifuge at
4,000 rpm for one hour. The supernatant fluid, which contans soluble antigen
capable of fixing complement i the presence of both epidemic and murine convales-
cent serum, 1s discarded, The sediment 1s resuspended 1n 1/10th the ongmal volume
of buffered saline and . again extracted with 34 volume of anesthetic ether.
The aqueous suspension 1 drawn off and again centnfuged 1n the cold in an angle
centnifuge at 4,000 rpm for one hour The supernatant 15 discarded and the sedi-
ment 15 washed sumlarly four times 1n buffered saline After each centnifugation, the
sediment 15 casily suspended by shaking with glass beads. The final sedunent s sus-
pended 18 € 2% formol saline to a volume of 50 ml. per 300 yolk sacs.

Epidennc (Breinl strain) and munne (Wilmington strain) antigens
of the Plotz type are now prepared for the AMSGS by Parke, Davis and
Company; they titer in the neighborhood of 1/200 and generally are
used 1n diagnostic tests at a 1/100 dilution.

Specific CF antigens of spotted fever and rickettsialpox used at the
AMSGS are now p d by a modi ion of the above procedure as
follows:

Viable infected eggs ate removed from the incubator on the 4th or 5th day,
when § to 10 per cent of the embryos are dead, and placed at room temperature
Cox2? pointed out that such a reduction 1n temperature at this time delays death of
the embeyo and permits continued multiphieation of nckettsiae n the yolk sac and
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chotioallantoic membrane tissues On the Jth day post-inoculatron, the yolk sacs
together with the chorioallantoic membranes ase harvested by fishing them out
through the opened aur sac end of the egg These tissues together with & quarter or
Balf volume of saline solution are shalen 1n heavy-walled glass bottles with glass
beads or ground 1 a vapor-proof Waring blendor, using special precautions® The
ground matenal fs suspended in sufficient buffered salme, pH 72, to make a 20 per
cent concentration on the basis of oniginal weight of yolk sacs Formaldehyde solu-
tion NF (40 per cent formaldehyde) 15 added to give a final concentration of 05 per
cent of the NF solution, and the matenal 1s placed at §* C for 7 days to permut
nactivation of rickettsiae The suspension 15 then centrifuged at 1,000 rp m, for 10
minutes in a honzontal head The tmdzone 15 drawn off from below the yolk layer and
vecentrifuged for 1 hour at 4,500 t pan 1n an angle head in the refrigerator to deposit
the nckettuse along with other particulate matter present The supernataat flud
and floating fat are poured off, and the tubes swabbed out carefully to remove traces
of yolk. The sediment 1 carefully homogenized with a glass rod as diluent 15 added
drop by drop, subsequently, buffered salne contaning 01 per cent formaldehyde
solution NF 15 added more rapidly untl the volume 15 equal to that of the orgmal
20 per cent suspension This 15 usually a convement place to stop the processing and
store the preparation overnight in the refnigerator The suspension is next shaken
vigorously with an equal volume of cold ether (90 per cent diethyl ether and 10 per
cent ethyl glcohol) If separation of the emulsion 1 delayed more than a few mumutes,
2 ymall amount of saline may be added and mcorporated by hight shalung, this
usually bastens separation 1nto the 3 layers described 1n the Craigie procedure
The aqueous suspension 15 agan exiracted, this time with 14 volume of cold
alcoholc ether, after which 1t 1s transferred to a heavy-walled suction flask attached
10 a suction pump and the excess ether removed The suspension 1s then centrifuged
1n the cold in an angle bead at 4,500 T pm for 1 hour The supernatant Sud 18 dis-
carded, the tubes wiped free of any residual fat, and the sediment 15 then carefully
resuspended 1 buffered saline to 1/10th the volume of the onginal 20 per cent sus-
Ppenston This suspension 18 shaken with washed stenile Celite?%.30 (Hyflo supercel,
& Johns-Manville product) 1 gm per 40 gms of onginal tisue and centnfuged m
an angle head in the cold at 1,000 r p.m for 30 munutes With extreme care 5o as not
1o disturh the sedument of tissue debris that has been carried down with the Celite,
the supernatant fuid 15 Pipetted off, placed 10 a clean tube, and rentnfuged at 4,500
£Dm 10 a reingerated sugle bead The sediment 35 resuspended with homogenation
10 buffered sahine Lo 1/100th the volame of the ongwnal 20 per cent suspension, and
formaldehyde and merthuolate are added to give » final concentration of 0.02 per
cent (NF solution) and 1 10,000, respectively A smear of this Suspension staned by
Macchiavello’s techmic generally shows a moderate amount of debns and a reasonable
bumber of nckettsiae I the debns 15 excessive it may be removed i part by
centritugation at 1,000 rpm for § minutes Antigens prepared mn this manner from
nickettsialpox or spotted fever orgamsms have titers of 1/16 to 1/64, but give non-
specsfic reactions at Jow dilutions

Suspensions of washed R. burnets obtained in a manmer simular to
that descnibed by Plotz for R. prowazeki provide CF antigens with titers
of about 1/64, Since soluble antigen bas not been demonstrated in tisspes
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infected with this rickettsia, repeated washing is not necessary. Cur-
rently supplies of Q fever CF antigen for use at the AMSGS are pur-
chased from Lederle Division of American Cyanamid Company. The
strain of R. durneti employed in the preparation of CF di; ic antigen
is of copsiderable importance®'; the Henzerling and Nine Mde strains
are usually used for this purpose. The nature of the variables in strains
of R. burneti which contribute to the value of certain of these as diag-
nostic antigens has been extensively studied3233; however, the answer is
not yet clear.

A number of investigators have employed procedures for preparing
type-specific antigens from rickettsiae of the typhus-spotted fever groups
that embedy the principles of the Craigie-Plotz methods. An entirely
different approach permitted Cohen and his colleagues®# to obtain spe-
cific CF antigen from epidemic typhus vaccine; this included a precipi-
tation with sodium sulfite or with phenyl hydrazine-p-sulfonic acid, The
final product was soluble after lyophilization, and in preliminary studies
showed promise as a type-specific diagnostic antigen.

3. Preparation of group-specific soluble antigens. Group-specific
soluble CF antigens prepared from yolk sacs infected with R, prowszeki
or R. mooseri or with R, rickettsi or R. akari will readily differentiate
serum of a case of murine typhus from that of a patient with spotted
fever, Thus, such antigens fill the most common laboratory diagnostic

need encountered in rickettsial diseases in the United States. When
made from the agents of epidemic and murine typhus, however, they
cannot be relied upon to differentiate between infection with . ki

and R. mooseri because of the large amount of common antigen present
in such materials processed from egg tissues inoculated with erther
rickettsia. On the other hand, group-specific CF antigens made from
yolk sacs mfected with R. rickettsi and R. akeri sometimes contain so
Little spotted fever group antigen that they may permit serologic differ-
entiation of sera of patients with spotted fever and rickettsialpox. The
author’s experience with soluble spotted fever and nickettsialpox CF an-
tigens, both those prepated at the AMSGS and those purchased commer-
cially, is that each lot must be assayed with standardized human con-~
valescent serum in order to determine whether it is to be used as a
group- ot type-specific antigen in diagnostic tests. .
The two methods outlined below yield soluble group-specific antigens
for diagnosis of the epidemic-murine and spotted fever-rickettsialpox
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complexes, Both methods were originally applied to yolk sacs infected
with R. tsutsugamushi.

The procedure of Topping and Shepard® modified for use at the
AMISGS 1s as follows:

Infected yolk sacs (as few as 20 may be wed) are squeezed {ree of yolk, ground
with a small amount of stere distilled water, and placed i 2 thick-walled pyrex
bottle at —20° C Such freexng durupts cells and nichettsiae and provides a swtable
method of storing the matenial for days or months without loss of antigenuc activity
After thawing, the tissues are extracted with 10 volumes of cold alcohol-ether The
muxture 15 thoroughly shaken mn the cold (4° C) for 30 mmutes to ! hour The
ether becomes deep jellow, and after standing a few moments a reddush tnass of
tssue falls 1o the bottom of the bottle The ether is decanted as completely as possi-
ble and the fissue repeatedly washed, usually 4 or § times with cold ether, until
yellow matenal no longer dissolies Approumately 1 mi of sterile distilled water
is added for each gm of ongmal yolk sac tissue, and the musture 15 thoroughly
shaken The resdual ether 15 yemored under partial vacunm and the tissue suspen-
sion stored overnight tn the refrigerator The next morning it 1s centnfuged at zbout
3000 Tpm for 30 minutes in 2 refngerated angle head machine and the supernatant
further clanfied by sprnmng at 13,000 Tpm for 30 munutes The clear red supec-
natast 13 a satisfactory antigen Merthiolate solution 15 added to a final concentra-
tion of 1 10,000 The antigen s bottled 1 10 ml solumes and stored at ~20° C
‘When mamtaned frozen 1t is stable for several vears but of Lept at 4° C, the titer
cimumshes appreaiably 1 2 few months It should be noted that n thus method the
matenal 15 mfectious when onginally treated with ether Ether mactivates the or-
gamsms, bowever, great care must be tahen dunng the early steps to avord mfection
of laboratory personnel

Wolfe, Vanderscheer, Clancy, and Cox3® prepared 50 per cent sus-
pensions of fected yolk sac i distilled water containing 08 per cent
phenol and stored these at 4° C for 48 hours, The suspension, now
nonmnfectious, was lyophlized and the dried matersal pulvenzed. It was
then extracted at 4° C with several changes of ether over a period of
hours The ether was remoted by high vacuum, and the powder resus-
pended in sufficient saline solution contaiming 0.3 per cent phenol to
equal the volume of the original tissue suspension. The suspension was
shaken aceasionally during storage at 4¢ C. for the next 3 to § days
and then centrifuged 1n an angle machine at 3,000 rpm for 30 mnutes
The resultant supernatant fluid served as antigen.,

Complement-fiuing antigens prepared by the methods of Topping
and Shepard® and of Wolfe et ol ** are sufficiently free of yolk lipuds
so that they do not ordmanly react with Wassermann positive sera Such

1s not the case with commercial epidemic typhus vaccine swhich ¢an be
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used in an emergency as a soluble type, complement.fixing antigen for

ic di is of the epidemic-murine complex.3T If vaccine is used
as CF antigen then each serum examined must also be subjected to one
of the standard tests for syphilis.

4. Technic Jor complement fixation. The CF technic used at the
AMSGS for diagnosis of rickettsial diseases is as follows:

‘The complement tatration Is carned out with varying quantaties, that is, 0.08 ml.
t0 026 ml with increments of 002+ml of a 1/30 dilution of commercial Iy ophilized
guinea pig serum, The hemolytic system consists of equal parts of 3 per cent suspen-
sien of washed sheep erythrocytes and a solution contamng 3 minimal hemolytic
doses (MIID) of antisheep erythrocyte hemolysin in each 0.28 ml.

The titration is performed as follows*

Tube No. 1 213145 |6(7|8}¢9
Complement, 1/30 008m! [010(0.12{014]0.16/018[020|022(024
Saline, 0 85 per cent 067ml. |065(063{061}059|0.57|055(0531051
Antigen, 2 unts 025mk (025|025(025(|0.25{025[{025(025(0.25
Sensitized R B.C 0.50ml {0.50 [ 0.50(050]050|050(050[050]0.50

Incubate 37° C for 30 minutes

The st tube showing complete hemolysis is taken as the exact umt and the
next higher amount as a full umt. Two full umts of complement determined 1n the
presence of antigen and contaned in 05 ml. of 0.85 per cent saline are used 1o the
test In the test for CF antibodues the serum js mactivated at 56° C. for 30 mnutes
Quarter ml, amounts of antigen, at a dilution which represents 2 umts,* are mixed
with 0.25 ml volumes of senal 2-fold dilutions of serum, and then 05 ml. of diduted
complement 1s added The mixtures are incubated at 4* C. overmight The following
morning 0.5 ml amounts of the sensitized cell suspension are added The test mate-
rals 2re mcubated at 37* C, for 30 minutes, when final readngs are made Titration
end pownts are estimated on the basis of the last tube showing complete or 3 plus
fixation, and the titer is taken as the dilution of serym ongwnally added to that tube
In each test, hnown posiive and hegative sera are htrated mn the same manner as
the unknown sera This titration serves as a control on the activity of the hemelytic
system and permits a comparison of the data obtaned from one test to another, A
complement titration in the presence of antigen 1s included in each test to determine
the amount of complement available after incubation In addition, the system is
checked further by retitrating the diluted antigen actually employed in each test;

——
+ An antigen unt 15 the smallest amount that gives a complete fixation with 2 full
units of complement 1n the presence of 4 umits of aotibods
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for ths, 2 025 m] volume contamung the presumed 2 umits of antigen along with a
%, %, and %4 dulution of this are tested with 4 uns of antibody

Duagnostic CF antigens are after and at
mtetvals of several months For this, serial dilutions of sntigen, usually 34 to 1/128,
are mixed with 4 CF units of previously standarduzed bomologous antiserum and 2
full upsts of complement After overnight incubation 1n the cold the hemolytic
systera is added Essental conttols not ordinanly mncorporated 10 a CF test include
titration of antigen 1 the presence of 2 1/10 dilution of normal human serum and
m saline solution alone Furthermore, when type spec:fic antigens are bemng assayed
the test must mclude standardized antisera from men o amymals imfected Wwith
closely related richettsize Thus, the assay of an epidemic typhus antigen tncludes
box titrations with epidemic and murine antisera

D RICKRETTSIAL AGGLUTINATION TEStS

1. General remarks. Rickettsial agglutination technics are swtable
for diagnostic purposes m epidemic and murine typhus?%3%2® and in Q
fever 441 Except under special circumstances, the author prefers CF
methods. Antigens for this work usually are prepared from infected yolk
sac fissue, but suspensions of typhus organisms obtained from infected
mouse lungs give satisfactory results Shde and capillary technics104247
may be used for nickettsial agglutination, but a test tube method is usually
preferable for diagnosis of buman 1nfection Technical dxfﬁculhes that
prevent the easy of nich, purified
are undoubtedly responsible for the failure to employ this technic more
extensively with members of the spotted fever group or in North Queens-
Iand tick typhus and scrub typhus, however, it has been used in Rocky
Mountain spotted fever 183044

2 Macroscopic technic. The k
techne of Plotz and Ius associates?” has been used at the AMSGS for
the past 12 years It employs punfied suspensions of R, prowazeks and
R. mooseri prepared in the manner described above for complement.
fixing antigens The agglutinating suspensions used in the test represent
a 1/6 to 1/15 dilution of a stock suspension of ncket'slae‘ Thus, the

anfigen is used in a more form in the aggl ion test
than in the complement fixation technic, and each tube in the test receives
the V! of about 10 fixing units of antigen. The

procedure 22 now in use at the AMSGS 155 follows,

After vanous attempts to devise a method to give more reprodunble end-
Pounts, it was found that the use of conical tubes promoted a greater aggregation of
Particles and greatly facilitated reading While smaller tubes may be used, it bas been
found that the 3 ! comical pyrex centnfuge tubes {Cornung Glass Works, Catalog
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No §060) measunng 10 mm X 65 mm, have given optimal results. Using these
tubes, the aggregation of rickettsiae was firm and not casly dispersed It was not
necessary to centrfuge the tubes or to examine staned preparations in order to
demonstrate agglutination, The test was extremely easy to read, especually when
examised by arifienl bght. When the tests were 1e2d by two or more observers,
comparable end-pomnts were recorded.
One techuical detal of importance must be noted. It was necessary to add

pormal human scrum in sufficient quantity to give a concentration of 1.200 (05
per cent) in the antigen preparation to be used This small amount of serum was
sufficient to prevent & of the rickett

Senal dilutions of serum were made in physiologic saline and distnbuted In
025 ml amounts. To each dilution of serum was added 0.25 ml of rickettsial sus-
penstan The mizture was then thoroughly shaken and placed in a wzter bath at
42° C for 4 hours followed by storage i the icebox at 4* C for another 16 to 18
hours when the test was read. A test was recorded as “complete” agglutination When
the clumps had settled to the bottom of the tube, leaving a clear supernate, while a
*“partial” agglutination was one where defimite clumplog had oceutred and settled
out, but the supenate remained slightly cloudy. Qnly complete and partial agluti-
nations were recorded as postive and all titers represented final diution. Positive
and negative controls were included with each test.

3. Sude techmes. Castaiieda®® prepared, from lungs of intranasally
infected muce, suspensions of washed R. prowascki and R, mooseri which
had a turbidity corresponding to 15 mm. of the Gates loop. Lots of 20
mice usually yielded § to 10 ml of antigen. Dilutions of human serum
to be tested were prepared in test tubes cos ering the range from 1/80 to
1/640 Drops of antigen were placed on an ordinary slide with a bac-
terial loop of 4 mm. diameter, and the dilutions of serum added with the
same 100p beginning with the highest and progressing to the lowest dilu-
tion. The slides contaiming the mixtures were arranged in petri dishes,
each contamning a piece of moist cotton, and placed on a phonograph
plate which rotated at 15 r p m. and was held on a 15° inchnation. Read-
ings were made in 3 to 10 minutes. The results obtained in slide aggluti-
nation tests were comparable to those obtamed in complement fiaation
tests in which the same antigens and sera were used.

i k<2 4 suspensions of R. k1 and R. mooseré
from infected yolk sacs by a techmic simular to Method A of Craigie®
(section III, C, 2, above). Dilutions of the serum to be examined were
made in test tubes, and 1 drop of each dilution was transferred with a
capiflary pipette to the depressions in a glass slide An equal amount of
rickettsial suspension was added to each concavity, and the slides were
rotated by hand and placed on moist paper in a petri dish The dishes

4
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were held in an mcubator at 40° C, for § hours and then were kept over-
night in a refrigerator Readings were made with the aid of a hand lens,
Cross-agglutination occurred with convalescent human sera and the 2
antigens, but somewhat higher titers were obtained with the homologous
antigen

4, Capillary techme. Luoto developed a capillary agglutination test
for field use in diagnosmg Q fever in cattlet® Suspensions of washed
R. burneti were stamned for several days with hematoxyln, after which
the antigen was rewashed and standardized, for details see Reference 46.

Capillary tubes 9 cm in length were used in performing the test
Antigen was drawn mto 1/3 of the tube, after which it was filled with
the serum to be tested The ends were sealed with clay or wax, and the
tubes were ancubated 1n a vertical position with the antigen suspensions
on the bottom After 2 hours at 37° C., or 4 hours at room temperature,
the stamed agglomerates of R burneti were visible macroscepically in the
mixtures containing positive sera

I Luoto’s hands this aggl technic gave g, results
that were as specific as those obtained by the usual CF procedure, how-
ever, the end pomnt titers were somewhat gher Recently, Luoto and
Mason? have applied this method to bovine milk and found it as re-
liable as the serologic tests 1n detecting tnfected cows.

E. INTERPRETATION OF RESULTS OF COMPLEMENT Frxation
AND AGGLUTINATION TEsts

In the diagnosis of nickettsial diseases, as elsewhere, 1t is essential to
demanstrate a nise m specific antibodies during convalescence If this
is done, 1t 1s unnecessary to quibble about the significance of positive
results obtained with Jow dilutions of serum. Since serial specimens are
not always received, however, 1t 1s necessary to set certain minumal levels
as haying significance in 2 single test In general, a titer of 1/10 (original
diution of serum) 15 sigmifirant in complement fixation tests in which
washed rickettsial antigens are used At some tune during convalescence
1 most of the nckettsial diseases, specific complement fixation titers well
above 1/200 are usually obtamned Rickettsial agglutination titers above
1/25 to 1/40 are probably significant in epidemic and murine typhus,
whereas titers greater than 1/5 have been considered of diagnostic value
in Q fever

‘The interpretation of the results of rickettsial complement fixation
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and agglutination tests rests on more extensive knowledge in epidemic
and murine typhus than in the other rickettsial diseases. The sera of
individuals who have been repeatedly injected with epidemic typhus
fever vaccine generally show complement fixation titers of 1/4 to 1/32
with epidemic antigen. Such individuals do not develop increased titers
when they suffer from febnle illnesses of nontyphus etiologys® When
such vaccinated persons become infected with either the homologous or
heterologous typhus organism, however, they show a prompt rise in epi-
demic and munne complement-fixing antibodies.}*4%.% The amount of
crossing in such tests may be sufficient to preciude a differential diagnosis
between epidemic and murine typhus. Nevertheless, a serologic diag-
nosis can generally be made in these individuals by means of the rickett-
sial agglutination test, since higher titers are obtained with antigens
prepared from the infecting organism.

A word of caution should be injected regarding the interpretation of

fection with a member of the immediate family of agents. However, the
laboratory worker should be conservative in his attempts to differentiate
the particular agent responsible for the patient's illness. Results of such
tests should be reported as “Epidemic-Murine Group, CF titer . .. " or
“Spotted Fever Group, CF titer... "

Most of the observations on time of appearance of rickettsial anti-
bodies were accumulated before the era of specific antibiotic therapy.
There is some evidence that under certain conditions antibody produc-
tion may be delayed in patients who receive specific therapy early in the
course of disease? Until adequate experience is obtained with the
i i under present ions of 1t is probably de-
sirable to examine a late convalescent serum obtained 4 to 6 weeks after
onset of illness, 1f the laboratory diagnosis has not been established by
that time. ,

F. AnticrosuLiN SENstrizatioN Test

Coombs and Stoker®? in their search for more sensmve technics for
the detection of Q fever antibodi d the principles of the anti-
globulin sensitization test which had been introduced for the detection
of incomplete Rh antibodies. These authors employed washed suspea-
sions of R. burneti in their work which embraced complement fixation
and direct agglutination technics as well as the indirect procedure, The
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description given below of the technics for the last 2 tests is taken directly
from their article 52

Direct agghulintaon tests—Senal dilutions of the antisera [convalescent human
serum] were made 11 01 ml, volumes of saline 1 small round-bottomed tubes of
internal dumensions 7 X 50 mm An equal volume of antigen diluted 1 in § was
added to each tube and to a control tube contaming salme only, The tests were n-
cubated overmght 2 37° C water-bath, in which the water level was so arranged as
10 cause convection currents in the tubes The readings were made, m mdirect hebt
agaist a dark background, with the aid of a hand lens,

37° C the tubes were centrsfuged 1n an angle centnfuge at 4000 revolutions per

washing procedure was then repeated

adsorbed antibody globulin The tubes were then re-incubated in a water-bath at
37° C. Aggluhination of the sensitised nickettsiae could be observed after one-two
hours, but the agglutmation was at its maximum sfter five haurs Readings could be
made convemsently after incubation overmight The titre of Q-fexer antibodies m an
anbiserum was expressed as the hughest dilution of the serum which so sensitised the
rickettsiae that defimte agglutimation occurred wath the anti-globulin serum

In these early expenmental 1nvestigations each test was controlled by setting
up a parallel series of tubes and adding normal rabbit serum instead of rabbnt anti-
globubn serum to the washed sensibised nckettsial suspensions The agglutmation
titre observed m these eontrols corresponded 1 each case to that found by direct
sgglutination

Dung the washing procedure great care should be taken to avoid contamna-
tion of the clean sabme with human serum, since traces of globulin i the saline of
the final suspension mught easily neutralise the agglutinating action of the anti-
globulin serum

The authors found the antiglobulin sensitization test to be specific
and more sensitive than the )! fixation or agglutination tech-
nics, that is, it gave higher titers with human convalescent serz. How-
ever, they recogmized its houted value as a climcal diagnostic tool because
of the ¢ nature of the and the relatively large
amounts of antigen requited, On the other hand, the high degres of
sensitvity of the technic made 1t of potential practical smportance for
detecting small amounts of Q antibodies 1n bulk pools of cows’ mulk 6
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G. Oruer SeroLocic PROCEDURES OF LADORATORY JMPORTANCE

There are several types of serologic tests which are of assistance to
the Jaboratory worker in carrying out various fundamental studies but
which are of little importance in the diagnosis of human disease. Among
these are the antitoxin titration, the hemagglutination and hemolysin
tests, the neutralization test, and the precipitin reaction, Needless to say,
the complement fixation and agglutination technics are as valuable in
investigative work as they are in clinical diagnosis.

1. Antitoxin titration. A toxic substance, capable of causing death
of mice within a few hours, is found in yolk sacs which are rich in R.
mooseriS$ R, prowazeki?s™8 R, tsutsugamushi®® R. rickettsi®? and R.
conori.*" The toxins of epidemic and murine typhus are closely related
but not identical®®; the same is true for those of Rocky Mountain spotted
fever and African tick fever.5” Toxins of the typhus group, however, are
unrelated to those of the spotted fever group or to that of scrub typhus.
‘The sera of men and animals recovered from infection with these agents
contain immune substances which are capable of neutralizing the toxic
effect.? 5437 While the demonstration of antitoxin in the serum of con-
valescents might be used as a diagnostic procedure, this type of test has
not bad wide application because of the technical difficulties associated
with it Nevertheless, the antitoxin test played a considerable role in the
development of typhus vaccine?3* and is still used in the standard
assay of epidemic typhus vaccine.®®

2. Hemagglutination and hemolysis, Several kinds of soluble, sero-
logically active substances have been used to coat erythrocytes and thus
render them agglutinable by rickettsial antibodies. This basic principle,
which has found wide application in microbi since its empl
by Keogh and his coll 80 was i duced into rickettsial problems by
0'Connor and MacDonald.®* The last-named workers detected specific
antigen in the urine of patients with scrub typhus. They employed 8
carefully bal d system ing of \! human serum and
chicken erythrocytes coated with polysaccharide extracted from proteus
OX-K. Urine to be tested was boiled and then mixed with senal dilutions
of the standard serum, after which the sensitized cells were added, Anti-
gen present in the urine combined with the anttbody, which was then

ilable for ination of itized cells; an estimate of the
quantity of antigen 1n urine was possible by this method. In the hands
of O'Connor and MacDonald the procedure shawed promuse as a means

v
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for eatly diagnosis of scrub typhus However, the author bas so far been
unable to obtain sufficiently consistent results under field conditions with
the method to consider 1t applicable on a routine basis in this disease.

Chang, Murray, and Snyder®® %4 performed hemagglutination tests
using appropriate convalescent sera and human O erythrocytes sensitized
with extracts of R prowazeki, R mooseri, R. rickettsi, R, conori, or R.
akari; the extracts were obtained by heating the organisms in an alkaline
solution. The results correlated well with those displayed by the same
sera in CF and Weil-Felix tests, and 1n rickettsial agglutination tests
when these were performed The erythrocyte semsitizing substances
(ESS) of these authors did not react in direct CF or precipitin tests, and
antibodies against the ESS of R prowaseki appeared to be different from
those which agglutinate proteus OX-19 or epidemic typhus orgamsms
or which fix complement with type-specific epidemic typhus/antigens
ESS has a group-speaific serologic activity, however, similar to that of
soluble CF antigens of the typhus and spotted fever families of agents.
Moreover, Downs and her associates® found that addition of group~
specific (soluble) antigen, prepared from R moosers, to antisera mhibited
their capacity to agglutinate erythrocytes treated with ESS, This points
to a close relationship between ESS and soluble antigen and adds
weight to the 1dea that ESS may be a degradation product of soluble
antigen. Chang and his colleagues® consider the ESS test more eco-
nomical and technically simpler than the CF procedure for the diagnosis
of the typhus and spotted fevers in man and regard it as equal to the
CF method 1n rehability It may be reiterated that the ESS results are
group specific, not type specific,

Recently Downs and her associates®s extended the work on ESS by
demonstrating a related heat stable antigen mn tissues of mice infected
with munne typhus. This antigen, which occurs as eatly as 3 days after
wnfection, reacts with munne antisera specifically inhibrting its capacity
to agglutinate red cells sensitized with Chang’s ESS. The tssue substance
of Downs resembles ESS in a number of 1ts properties, but unlike ESS
1t fails to sensitize erythrocytes Extension of the approaches of 0’Connor
and of Downs are warranted i the hope of obtainng a useful method
for the early diagnosis of the rickettsioses.

Highly infectious preparations of R. prowazeki and R. mooseri induce
m vitro hemolysis of erythrocytes of rabbits and sheep but do not affect
red cells of muce, cotton rats, and guinea pigs.% The specific inhibition
of such hemolysis by antisera forms the basis for another type of sero-
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logic procedure.® However, the hemolytic phenomenon itself, rather
than 1ts use in serology, has been the main object of interest, Snyder and
his associates®™-% found that the hemolytic activity of a preparation of
rickettsine—see reference 67 for technic of rapid hemolytic test—could
be correlated with its in vitro metabolic activity and its content of mouse
lethal toxin but that all 3 of these properties could be disassociated
from infectivity. Paterson ¢f al.%° demonstrated that in vivo hemolysis
followed injection of R. mooseri into rabbits but did not occur in rats.
Moreover, such lysis contributed to the fatal toxemia in the former host.

3. N lization tests. Ni lization tests or p ion tests have
been used with most of the rickettsial agents; the principle here is the
same as in nevtralization tests employed with viral agents, Thus, anti-
body is added to a suspension of organisms, and the mixture is injected
nto susceptible animals. If the animals fail to show evidence of infection,
the organism 1s said to be neutralized by the antibody. In general, the
results obtained in this technic are not as clean-cut as with some of the
wviral agents, and while the test is useful under certain conditions, it is
not employed too frequently because other simpler methods are available
which usually may be substituted for 1t

4. Precipitin reactson. The precipitation reaction has been employed
in certain of the studies with soluble antigens of rickettsiae?® where
complement fixation was not readily applicable, One of the limitations
of the precipitation method in rickettsial work is the difficulty in obtain-
ing relatively pure soluble antigens; 1t will be recalled that rickettsiae
only grow in the presence of living tissue, and the occurrence of large
amounts of extraneous protein in preparations of such infected tissue
make it difficult to obtain pure preparations of soluble antigen,

Investigators 1n Mexico and Russia have demonstrated speaific sero-
logically active substances in the urine and blood of patients in the
acute stage of typhus fever 17172 The precipitin test, the coated colloid
particle agglutination reaction, and the complement fixation techmc
have been used to detect the antigen, or antigens, which appear in the
body fluids. These studies show promise of providing a diagnostic method
applicable early in the disease, but additional work along these lines is

indicated.
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Fic 1 Bench arrangement for inoculation of embrionated eges by the volh sac
Toute The towel 15 damp with diluted Ivsol solution The bowl wath antisep-
Uc s ready to recene contaminated instruments, etc , these will be decon-
taminated by boiding ymmedhately after the procedure 15 completed

Fic 2 Bench arrangement for harvesting and triturating of yolk sac tissue See text
description






PLAN FOR VIRAL ISOLATION STUDIES ON CLINICAL MATERIALS
{Departmeat of Virus and Richettsial Diseases, AMSGS, 1955)

TABLE 1
SPECIMENS AN AcENTS CONSIDERED 1¥ D1AGNOSTIC VIRaL STUDIES

Ty pe Specmen Viruses Givea Primary Consideration

Poliomy elitis
- ropad-borne eacephabies
Central nervous Lymphocyhic chonomeningiis

system tissue Rabies
Herpes simplex
Coxsackie and “Orphan”—Echo groups {?)
Cerebrospinal fld Usually unsatisfactory except 1 Iymphocy e
bload choromeningitis, Colorado tick fever, yel-

Jaw fever and dengue

nfluenza
“RI-APC-ARD” (Adeno group)

Psittacosis®
‘Throat washings, spututn, st
saliva, oropharyngeal rlxeurge; smplex
and conjunctival sw abs envenstle disease
olaomy elitist
Coxsackief
“Orphans”t Echo
Poliomyelis
Stool oxsachie
“Orphans’~Echo
Vesicular flud Vanola
Vacoma
Herpes suoplex
Buboes and Iymph nodes Lymphogranuloma venereum®

"+ Ususl antibiolics omitted from specimeas surpected of containing Ptt—LV group.
t Stool 13 preferred specimen for Lsolation of Lhese viruses from noufatal cases

TABLE Il
Vmaz Distases tv Whica DiacNostic 1s01ATI0N Mernons
ARE UNAVATLABLE OR NOT GENIRALLY EMPLOYED

nfectious mononucleoss
N—=Measles
N—pn(mal;y ;léléma! pacumonia
cold and Strep MG a,
U—Rubella ? exlutinins)
N or U—Trachoma
N—Varuce]
U—Tsavailable
N—Not geoerally employed.
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INDEX

Abortine pobomyelitis, 55
Acute follieutar conjunctiniis (aclosion
body type), 445
Acute infectious gingivostomabitis, 313
Adenoviruses, 30, 96, 265-10, 280 {rell 62},
472,480, 4US, $53, 855
Aédes aegypty, 395
Afncan teh fover, 515, 533
Agglutination fests
Jaboratory diagnasis, 3840
brologically nanspecific, 38-39
buologscally speaific, 38
<old agglubinztion test, 39
streptococens MG, 39
Weit-Frlix method, 38
wiectious monapucieass
standacd beterophule, 439
mfuenza
red eell agglutination
densitometsic wethad, 253-54
pattern methad, 248~53
pramary atypical pueutonia
streptacoceus B1G, 223-7¥
peattacosss, 426
richettsiat diseases, S41-4%
Allodermanysuis sanguneus, 20
American mountam feser, 472~75
Antmia, equine snlectious, 465-70
Angina, taonocytic, 488
Antituoties, broad-spectrum, effective 12 in-
dlusion blennorrtea therapy, 438
Anghodaes, speafic, 3
Antbedy tter

temper-

Bacterrum tularense, St
“Balloomng” cells, 313
Bm;:ppmacm an laboratory diagness,

Bedson's method of absorptios of sers, 410

Beef embryo extract, 14

Bengn aseptic mentngatis, 55

Benug 1y mphoreticuloss of wmorulation,
A1

Brologually noaspecrfic phénarenon, 4
Biopsy material for Dutolopse examnatio
7

Blackwater fever, 273

Blood specamens for serologic tests, $-12

Bottle cultures
plague formation 0, 120-31
preparation of, 134

Boyine ammotic fuid, 140

Brdl's dusease, 515

Bulbar paralytic pehom) eltis, $5-56

Cabfarpa yieus, 170

Cat scratch disease, -M)-n , encephakitis,
470471, fever, 47

Cell gronthan sy nmm mcdmm, 12022

Cenviatss, 447

Charactenstics of the virus, see Visus,
<haractenstiss of

Chick embryo, 24, aled see Exg techse

Chitk exmbry 0 extract, 14142

Chirken plasma snd sexurn, 142

Chichen pox, 498

Chlaenydeum ocudagenstale, 461

better rantamed at sub
ces, 1t

effect of long stotage, 11
Anticoagulants for sera, 10
Antigense identibication of 1irus, 106
Antigens, see speatic tests
Antgichulin sensitazation test, §44-45
Antiserum 1) pug pools, 94
Astitoun bitration test, 546
Apbthous fever, 450
Asthropod-borne virus encephalitides,
165205

Aseptic (or 1y mphocy tic) menisgitss, 93,99
557

461, alsa sce Chlamy dote

Chlamy dozoaceae, 433
Cilasnydozoon

aculogensiale, 433, 436, 447

drachomatis, 433, also sce Chlamy dium
Choriomenngibis, Jymphotyte, 169206
Clmatse bubo, 45366
Chng;l data requised for serologic tests,

Chueal features
<at scratch disease, 470
tald, common, 471-73
Colorads tick fever, 432
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cowpox, 345
Coxsackie viruses, 153-54
dengue, 383-85
echo, 91-92
ecthyma, 475
encephalitis, 170-71
encephalomy ocarditus, 477
exanthem sututum, 450
foot-and-mouth disease, 480
gastroententis, epidemsc viral, 483
hepatitis A and B, 484
berpes sumplex, 314-15
nclusion blennorrhea, 446
influenza, 242-43
Leratoconjunctinatis, epidemic, 48§
Iymphogranuloma venereum, 454
measles, 486
molluscum contagiosum, 487
mononucleosts, infectious, 488
mumps, 283-85
New castle discase, 491
phlebotomus fever, 395-97
poliomy elitis, 54-53
primary aty pical pneumonia, 264-65
psittacosts, 401
rabics, 208-9
richettyial discases, $14
Ruft Valley fever, 495
rubella, 497
salivary gland varus infection, 497
trachoma, 432
vacama, 345
varicella, 498
variola, 342
warts, 499
yellow fever, 364
Coagulants, 10
Cold, common, 471-72
Cold hemagglutinims, 270-73
Colorado tick fever, 472-75
Columbia-SK disease, 477-79
Complement fixation tests
laboratory diagnosis
anticomplementary reactions, 34
antigen, 32
Ystraight-hne” vs “box”, 32
utration, 32
um, 32
“diagnostic titer,” 33
dufferent methods, 28
cubation, 33

cat scratch disease, 471
Colorado tlck fever, 474-75
Coxsackle viruses, 160
dengue, 392-93
ecthyma, 476
encephalitis, 180, 192-201
encephalomy ocardutis, 479
foot-and-mouth discase, 482
herpes simplex, 336-37
influenza, 254-59
1ymphogranuloma yenereum, 462-65
molluscum contagiosum, 487
mumps, 295-300
Newcastle dusease, 494
pohomyelitss, 32-87
primary at pical pneumonia, 269-70
psittacosis

direct, 404-10

inhibition (sndurect), 410-12
rabies, 239
nekettsial discases, $34-41, 54344
Ruft Valley fever, 496
varola and vacania, $49-52, 353, 358-61

Conjunctivitis, 284 bacterial, 4343

epidemic infectious, 485 gonococeity
434, Koch-Weeks, 434; stupyard, 485

Cortlsone, use of w Inclusion blennorshea,
44

Coryza, acute, 47172
Cowpos, 345
Coxsackie viruses, ¢ytopathogenic in tissue

cultures, 99

Coxsaclie viruses, the, 15!

68
adentrfication and. dnﬂercnuauun of
virus, 15!

Phot bs of Coxssckre
7u1mﬁmfd:glﬁtlllgu o eshly e

Strains (B 3, af

deternunation of group, 15758

deternunation of type, 158-66
Classibication of the Cousackie Viruses
{table), 159

1solation of virus, 154—55

fecal specimens, 154--

1moculation of anfant mue, 156

throat swabs, 1

Cross-contamunation, avoidance of, 13
Cross-mmumty tests, 424-25
Cross-protection fests

ncephilits, 175-80
rabies, 231
et 3 dlsus:s, 522,530
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Culex puguens, 395
Cultivation of virus
inclusion blennorrhea, 487
fluenza, 24347
poliomy elitis, 99100
rckettsial diseases, 527-30
trachoms, 433
Also see Tissue culture methods
Cultuses, preparstion and mamtensace of,
102-3

Cytomegakic inclusion diseas, 497

Decontamnation of disgnastic materals,
416

386-93 -
complement fixation test, 392-93
tume of collection, storage, and
preparation of serum for test,
392-93
hemagglutination-inhuibition test,
387-92
preparation, titration, and storage
of hemagglutinmns, 388-91
procedure for hemagglutination-
smbibition test, 391-92
tume of collection, storage, and
prepatation of serum for test,
Muuahzauon test, 393
Dermatitis, contagious puslnlar, of sheep,
415-76, ovine pustular, 4
Destruction of virus, 332
Detection of virus, 103~5
by the ¢y topathogenic effect, 104
by the 1nhubition of cell migration, 104
by the pH-differentral test, 1054
Diarthea, epidernic, g of the newborn,
483, of 1nfants, 4
Dufferential diagnosis
Coxsackae vrus (Group A), 328
herpes sunplex, 325
primary aty pical poeumoniz, 265
vacamia, 328
Dogbite and prevention of rabies after ex-
posure, N
Drusenfieber, 488
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Eagle's medium for growth of HeLa and
other buman cell ines, 145

Earle’s balanced salt solution, 140

Eastern equine virus, 170

“Echo” or “orphan” v, %

Echo viruses, 91-96, 1.
el nd emdemlologw features,

1-92
lsnlahon and 1dentification of echo
varuses, $2-96
Echo Antiserum Typing Pools (table), 94
(LE; of Anlln:mtl“y Distuct Echo Viruses

Rtsu‘LY wuh Neutralization Tests Fstablush-
v Tow Straun ¢ Ecbo Viris Thpe 14
(table), 95

Ecthyma, contagious, 475-76
Eczema herpeticum (Kaposi's varwcelliform
eruption), 315
Egg techmc
allantoic sac imoculation
mumps, 289
psittacosis, 419
ammotic sac moculation
influenza, 24347
mumps, 28889
chonoallantoic membrane moculation
encephalitis, 17475
herpes sunplex, 320-23, 330-31,
334-33
psittacosts, 419
vacama and varola, 352, 357
yolk sac moculation
encephalitis, 174
Tymphogranuloma venereum, 457
mumps, 289
pattacoss, 407, 418-19
richettsial diseases, $27-30
EK, sec Keratoconjunctnits, epideruc
Elerentary bodies
laboratory diagnosis, 7
Arachora, 433
Encephalitides, arthropod borne, 169-206 ~
Encephalitis, 169-206
methods of isolatron and 1dentification
of viruses, 171-80
collection, smpmem, and storage of
matenals, 172
1dentification, 17N0
animal host range, 17677
Compaatne Svcepibity of Coraio

Anumals o & Group of
Neurodone Vutes (o0i8) 136
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complement fixation lesl, 180
cross-protection tests, 7&—30
Cross-Prolection  Expenmi
R ot ety Frcations
(table), 179
neutralization tests, 177-78
3 irus Tdenufication by Newtralization
Test (table), 177
methods of passage, 175-76
pathologic speamens, smears, staims,
and filtrabion, 156
precautions and preparation of
workers, 171-72
preparation of materials for inoeula-
173

route of mocuhuon and age of
ammal, 174-
selection of nmm:]s, 17314

disease, 180-201
collection of materials, 181-82
complement fixation test, 192
Average Human Immunologic I’aurrn in
Certain Virus Infections (table), 1
inferpretation, 201
preparation of antigens, 19497
preparation of control hypenm-
mune sera, 197
technic of test, 197-201
Complement Titratlon Flate Method
Cuable), 200
Complement Turation Tube Method
(iable),
ncuualumon z:su, 182-92
mals used and routes of mjec-

e, 183
murpmauon, lot-0z
technics,

Cnlzulaucn e LDso Dijution and
Ibe Ncultlhuurm lnd:x of a Patient’s
erum (table)
Tlirluon of |he LD o Virug Dnhmon
o ihe Treence of @ Tacat's Serum
ndo Ta Gt e
types of test, 183-84
Encephalitis resulting from primary anfec-
tion wath herpes sumplex, 316
Encephalomyocarditis, 477-79
Enderuc typhus, 515
End ponts, see Fifty per cent end pomnts
Epidemue typhus, 515, 533
Epidemologic features
echo, 91-92
mumps, 283-85
poliomyelits, S4~58

DIAGNOSTIC PROCEDURES

Equiae encephalomy elitas

Equine “malaria,” 469-70
Equipment, laboratory, 4-6, also see
Laboratory equipment
Etiology of
cat scratch disease, 450
cold, common, 472
Colorado tick fever, 473
exanthe subitum, 430
gastroententis, epidemic viral, 483-84
keratoconjuactivatis, epideraic, 485
measles, 486-37
molluscum contagiosum, 487
mononucleasis, infectious, 488
Newcastle disease, 491
primary aty pical pneumonia, 265-66
Ruft Valley fescr, 495-96
rubella, 497
salivary gland virus infection, general-
1zed, 497
varicella, 498
warts, 499
Also see Pathology
Exanthem subjtum, 480
Expenimental animals
age of (encepbalitss), 174
caging (poliomy chitis), 66-67
noculation of
Coxsachie viruses, 156
dengue, 384
encephalitis, 174-75
berpes smplex, 323-25
incluston blennorrhea, 44849,
451-52

1nfluenza, 247, 25%

1y mphogranulema venereuam, 456-57
mumps, 291-93

poliomyelitis, 66-70

prumary atypical pneumonia, 265,

pslllabosis, 416-18, 419-20
rabies, 229-30

nichettsial diseases, 517-19
trachoma, 43

vanola and vaccinia, 350, 353
yellow fever, 368
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manntenance of agents 1a (ricketisial

diseases), $25-27
manifestaion of infection i
dengue, 334-85
encephalius, 173
herpes sumplex, 323-25, 329-30
inclusion blennorthea, 451
1ymphogranuloma vencreum, 457
mumps, 291-93
oliomyelitis, 70-71
Dsittacosis, 410-11, 416-18
rabies, 214-15
Tickettsial diseases, 521-25
trachoma, 44243
yellow feser, 363,370
selection of

dengue, 384-85
encephalitss, 173-74
berpes simplex, 323-2§
1nclugion blennorrhea, 451
nfluenza, 247, 248
Ilymphogranuloma venereum, 457
poliomyelitss, 66-67
psittacosis, 403, 416
rabies, 214-15
nickeitsial diseases, 518-19
trachoma, 442
yellow fever, 365-66, 369

Experimental mnclusion conjunctivitas, 451

Fitvre aphteuse, 480
Fifty per cent end points, computation of,
329, 94

10 meutralization tests, 46-49
C-khhhon nl 50 Per Cent Serum Neutral
“ u Fnd ‘ot by Reed-] Muuuh formula
Comput mn of Neutralization Xnd« by
Reed Myench formuls {1able},
Rarber wmethod, 44, 46
Reed-Muench method, 4445

Araagement of Data.

Computation of
LD..nu HRARIRY

Used 10
by Reed:Muench (o mata Ciablers
deg mclhuds for serial specimens, 10-12
Follicular expressions, preparation and
examination of, 43940, 413
Foot-and-mouth discase, 480-82

Gastroententis, acule lnkcuo\ls 483
tpidemnue tiral, 4
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Generalized systenuc tllness, 316
General principles underlying laboratory
diagnosis of virus and nichettsial infec-
tions, 1-51
basic approaches to diagnosss of infec-
tions caused by viruses and nickett-
siae, 34
appearance or Tise i titer of specific
antibodies,
1solation and identufication of tncit-
ng agent,
pathologic slterations, 3
collection and handling of speciens for
expenmentation, 51
tollection and banding of blood
specimens for serologic tests, 8-12
collectio;
handling of blood m laboratory,
9-10

stupping and storge, &9
g tmmd  data re-
Q\nred on snzcxmcn.l for examupation

(Fig. 1), afler $t

5o e s«t contaner, unth stenle
vals, for malog biood soesimens
Ee

storng and mmg specimens, 10-12
Filng wnnn spﬂnm:n: 1n_chronow
logc. accesaon
(h& S) l(\:r !l

collection and handling of specumens
Tor wirus 1solation, 12-16

Source Matena! Unhired {n Diagnosis
by Method of Virus Lolanion

cou:cuon, 13-13
shipment, 13, 16
storage, 16
FW are ;’lblntl (I'ﬂh slide un;jﬁ(ll)n-
At drowers T e o
o Speios (hi 43 sty 91 0%
Lpeest d«p-lreeu uml (_-10 i
e ul Wlmﬂu (Fl( 5] lhtl 5l
coliction of matenal foe aucrascope
mination,
:nmpummn of 50 ptr ¢ent end powts,

S pcl cent ¢od punnts 1 peutralza-
tion tests,
determtion ot antibody end
pomnt In systems using con-
stant doses of virus and vary-
1ng dilutions of serum, 4849
Reed-Muench method, 49
Cakllhu Cent.
)\mununl\m E\ld Polnl
by Rnd \l jench Formula
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determination of antibody end
PNt 1 systems using varying
doses of virus and constant
amounts of serum, 4648
Computauos of Neutrsfirauon
Tndex by, Reed-Mueach Formula
(table),
Reed-! !\Iucnth method, 47
Karber method, 48
equipping the virus Jaboratory, 4%
Laboratory Fopoment Requeed for \lal
Duagnostic Bork
general cnnsldcralxnns o( lhc u\ eral di-
agnostic approaches, 16—+,
Isolztion of viruses, 19-2
collection of matenal, 21
evidence of infection, 24-25

Eridence of Infecuon In Laboratory
Hosts lnoculated with Chioical of

PostMortem  Materual  Contunlog

Virus (table)
selection of hbomory host, 22-24
tussue culture, 25
virus recosery, 19-21

reasons for falure, 21
Relation of Suge of Lnes to
Preseoce of Virus in Test
teul and i Appeanace ot

Antibody (table),

significance of ncgall\: results,
26-21

significance of positive results,
20

wmicroscopic methods, 16-19
Duscses fo Wik Mierocopic Methods
agaosls (table),
tustopathologic mexhods, 1&-19
serologic methods, 25—4.
Serolome  Metbods ADphuble to. Diag:
gosaof Sprcifc”Vieal sad Rickeuusia
Diseases (table),
agglutimation usts, 3s~zo
complement fixation tests, 28-34
anticomplementary reactions,
3

nonspeciic seactions, 33-34
hemagglutination-mhibition tests,
34-3
neutralization tests, 40~43
Gental trachoma, 445
Giemsa's stoch solution, 421
Glandular fever, 488
Glass contamers, 11-12
Glassware, cleaning of, 102
Glycenn as substute for dry 1c€, 16
Gonorrheal ophtbalmua, 43¢

DIAGNOSTIC PROCEDURES

Handling of speamens, §-16

Hanls' balanced salt solution, 139

HeLa and other human ccll Lnes, Eagle's
medium for growth of, 14!

HeLa cultures, maintenance solution for,
144-43

HeLa human epithelial cell cultures, 131-38
Hemagglutination-inhibation tests
laboratary diagnosis, 34-38
nonspeaific inhibitors, 36
removal of, 36

dengue, 387-92
encephalomy ocarditis, 479
influchza, 24546
mumps, 300-304
Newcastle disease, 493-54
prmary atypical pneumomna, 270-73
psittacosis, 426
nickettsial duseases, 54648
vanola and vacaa, 353, 354-56
Hemagglutinins, cold, 270-73
Hemoly sin test, 546-48
Hepatiuss, infectious, 484; serum, 484;
viral A and B, 484-85
Herpes simplex, 313-40
m(roducuon. 314-18
s caused by the virus, 315-16
r.hse:ses of the central mervous
system, 316
encephalitis, 316
meningoencephalitis, 316
diseases of the mucous mem-~
branes, 315
acute Infectious gIngivostoma-
ntss, 315
Ltralncun)unctlum, 318
progemitals, 315
vulvovagumtes, 315
dhiseases of the shan, 318
eczema berpeticum (Kapost's
vanceliform eruption), 315
recutrent herpes sumplex, 31
traumatic herpes, 315
systemic diseases, 316
genuahzed systemuc illness,

316
\Jsceral dxsease mn newborn

316
the virus and s pby cal snd patho-
genuc characteristics, 316~18
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centnfugation, 316-17
electrical reaction, 317
filtration, 316

Tstalogic Ky

Herpes zoster, 498
Histologic examunation, 7
Histopathologic methods

ballooning eells, 318
mtranuclear mclusion bodses,
317-18

size, 316
susceptible bosts, 317
visibity , 317
electron microscope, 317
methods of 1solation and identification
of virus, 318-33
wdentification of virus, 328-29
mmumty test, 328
neutrahzation test, 328-29
1solation procedures, 320-23
adult smice, 32§
cotton rats, 325
:mbryonmd ezss, szo

won of herpes virmg
mmu,b conrmated bea's cox CHE3:

guinea pigs, 325
hamsters, 325
Tabbats, 323-25
suckling mice, 323
tissue culture cells, 323
other wiruses to be ruled out, 328
Coxsachie virus {Sraup A), 328
vacania,
pathologic specimens, 326-27
preservation and destruchn, 331-33
sources of matenal and collection of

bram of spnal cord, 320
cerebrospinal fimd, 319
saliva,
swabs from ulcers of mouth, eye,
or gemutalia, 318-19
sutgble solitions, 319
sende Buid, 3
special pmauuons. 318
starung, 327-28
S of yires 32931

1n mce, 329-
1n tissue tu]lur!-
serclogis and mmuologic prosedures
for diagnoss of disaase, 333-37
collection 0f matenal, 333
complement fixation test, 336-37
Deutralization test, 333-36

e, 333-34
in Usue umurz. 336
shun test, &

19
Iimited application, 13
usefulness of, 13

Human rabies symptoms, 211

Tdentificatson of the mating agent, 3
Idenufication nf viral types by neutralza-
tiop tests,
Idenuﬁcluon D( virus
table, $54-5§
Coxsachle viruses, 157-66
Qengue, 385-86
echo viruses, 92-94.
encephalitis, 176-80
foot-and-mouth disease, 481-82
‘herpes simplex, 328-29
nclusion blennorrhea, 450-52
influenza, 24647
Iymphogranuloma venereum, 459-§1
mumps, 2
phlebotomus fever, 397-98
poliomyelitis, 70-72
primary atypical pneumonta, 26465
psittacosis, 403, 424
rabies, 211, 224-25
nehettsial diseases, 530
trachoma, 434-43
variola and vaccinia, 348-53
yellow fever, 366-63
Tmmunty test, 328
Impressions and smears, 220~21
Incn.:_x-nz3 agent, solation and identification
ok
Inclusion blennorrhea, 445-52
mtmduc:lﬂ?, :45»43 A din
tinncal feature
the varus, 44t i zn Enoss, 46
Desclopment cycle of virus of tactuson,
conpuncluvitis (Fig. 1), sfeet 452
1solation and 1dentification of varus,
44352

ammal moculations
expenmental melusion conjunc-

uvits, 451
Experumental incluson  esnjunctivi
of She babaon g s s 41

sources of confusion, 451-52
precautions for workers, 448

563
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preparation and examination of

epithelial scrapings, 449-51

morphology of the virus, 450-S1
EkmtnluY bodres In scraplogs from
cerix o inclusion vurus cenvicltls of
m o dntaat with Cinclusion
Desnoctbes (Fig 29, aher 4
Inclusion bodies _produced h
zl,ndons(on‘uwuhius \irks (Hg .!).
ad

sources of material, 449~50
staimng methods, 450
serologic procedures, 452
types of procedure, 44849
ammal inoculations, 448-49
epithelial sceapings, 443
folhcular expressions, 448
Inclusion bodies
laboratory diagnosis of, 7
herpes simplex, 317-18
wnclusion blennorrhea, 450
Iymphogranuloma venereum, 457-59
psittacosis, 403, 420-22
rabies, 221-22
nickettsial diseases, $22-24
vaniola and vaccinia, 34849
Inclusion conjunctivitis, 445
Inclusion disease, 497
Infantile paralysis, see Polomyelitis
Infection, evidence of, 24-25
In Laboratory Hosts Tnoculated wth Chineal or
Fost-Mortem Mutenat Contaiming Vies (table).
ln(ec(lnns, approaches to diagnosis of, 34
appearance or rise in titer of specific
antibodzes, 3
ol tissues for
alterations, 3
wsolation and identification of inciting
agent,
microscopic methods, 34, 16
serologie tests, usc(ulncss, speaficity, and
applicabality,
Infiuenza, 2416
chnical features, 24243
diagnoss of mfluenza by isolation of the
virus, 2434,
collection of specimens, 243
isolation of virus by ammuotic sac
inoculation, 243~44
harvesting of amniotic fluid, 245
mocuhunn into amniotic sa¢,
244-45

DIAGNOSTIC PROCEDURES

testing of fuids for hemagglu-
tinating activity, 294546
treatment of fluids, 24647
other methods for detection in throat
washings, 247
diagnosis by serology, 247-60
complement fixation test, 25459
Complement Fization Test (table), 258
Titeation of Anugen (table), 257
Titration of Complement (1able), 256
general considerations, 259
precautions, 255
reagents, 255-57
the test, 257-59
in evo neutrakzation tests, 260
neutralization test in mice, 25960
scrologic methods employing red cell
agglutination, 248-54
densitometric melhnd, 253-54

pattern methed, 24

Tubes showing pattems formed
sedimented  erythrocyles  (Flg 4
after 262

Tubes showing typical patterny of

mllmtmn‘ erythrocytes  (Fig  2)
siter 2
dnlu(ion of sera, 251-52
other pattern methods, 253
preparation of standardued
antigen, 249-50
reagents and matenals, 248—49
the test, 252
titration of virus, 249
treatment of scra, 250-51
Inoculation, routcs of, 23, 174-75
Insectis oraus bats, 209
Tntracercbral protection test, 373-80
Intraperstoneal protection test, 369~73
Todune stain, 437
Isolation of virus

" Jaboratory duagnosis, 3, 12-16, 19-25
tissue culture methods, 103, 109-11, 114,
134-35

Coxsachie viruses, 154-56
dengue, 385-86

echo viruses, 92-96
encephalibss, 172-76

herpes sunples, 320-25
inclusion blenporrhea, 448-52
infiuenza, 24547

reparation of eggs, 244
gugmuon of ioculum, 244

Iymphogranuloma venereum, 45359
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mumps, 286-87
phiebotomus fever, 397-58
poliomyehitis, 60-72
paittacosts, 412-26

rabues, 212

nickettsial diseases, 519-30
trachoma, 43443

variola and vacama, 348-53
yellow fever, 364-66

Japanese B virus, 170
Jaunduce, epdemuc, 484, homologous serurm,
484, {ransiusion, 484

Kapost's saticellform eruption, 315

Karber method, 44, 45

Kerstits, superfical punctate, 435,
‘maculosa, 485

Keratoconjanctivits, 315, epidemic, 485

Laboratory diagnosis, se¢ General prmaples
underlymg laboratory diagnosis of virua
and neketinal infections

Laboratory equipment, 4-6

Lactalbumin hydrolysate mediim, 142

Latent agents, 21

LDs tater, 4-49

Levinthal-Cole-Lillie bodes, 403

Louping 31l vizus, 170

Lymphoblastosis, acute benign, 488

Lymphocytic choromenungitrs, 169-206

Lymphogranuloma mguinale, 454-66

Lymphogranuloma venereum, 453-66
1ntroduction, 454-55

al features, 454
pathologic lesions, 455
the agent, 45455
xmmunologlc diagnosis of the disease,
461+6

mmp!emmt fization hst, 462-65
neutralization of toxn, 4
skin test, 46152

56!

moculation and observation, 456-57
of anumals, 457
of muce, 457

pathologic specimens and smears,
457-59

exam:mation, 459
preparation, 457-58
stains, 458-59
precautions for workers, 455
viability of agent and presetvation,
461

Magro (tube) technc, Scmudt and
Lennette,

Mm\unanu sol\luon for Hella cultuses,
5

Masern,

Matznzls, couccuan and selection of
laboratory diagnosis, 21
Coxsackie vizuses, 154-56
dengue, 385-86
encepbalitss, 172, 181-82
‘herpes sunplex, 318-20, 333
inclusion blennorrhea, 449
infinenza, 243
Iymphogtanuloma venereum, 436
mumps, 286-87
phlebotomus fever, 397-98
poliomyelitis, 60-61
paittacoss, 412-15
rabies, 217~20
trachoma, 435-36
rickettsial diseases, 517-21
variola and vaccnia, 34748
yellow fever, 365-67
Dreparation of, 13948
Alsa see specimens, collection of

Maul-und-Klavenseuche, 450

Measles, 48687, German, 497

Medium No 199, 14547

Mengo :nc:phalomyeh'.u, 170, 477-79

Menngoencephalils, 31

ssolation and of the agent,
435-62
collstion and preparation of
5

|denuﬂuuon. 439-61
ahuuon with chicken anti-

1
other characteristics, 461
tonn-antitoxin, 459-60

t:st, 426
Bicroscopi¢ examunation, collection of
matenal for

biopsy matenal for tustologic
n, 7
elementary bodies, 7

anclusion bodics, 7
pathogaornic cells, 7
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post-mortem material for histologic
examination, 7
smears, 7
tissue sections, 7
Maczoscopic methads, 3
Duases in Wlich Metmmcopic Methods wre
us 10 Dugnoss (table),
\hcroscupu: speafioty ltsl, 231
Muscellancous vairus diseases, 467-511
Summary of Dunostic Tests for Miscellsncous
el Diseases Ctabier, $00-301
anemia, equine infectious, 469-70
laboratory diagnosis, 469-70
cat scratch disease, 470-71
antigen standardization, 47¢
clinical features in, 470
complement fixation test, 471
ctiology, 470
serologic dnxnusu, 470,471
cold, common, 47172
(ulurts m, 471-72
cuology 47!
Colorado uck fe cr, 412-15
clinical features 1n, 472
etiology of, 473
laboratory diagnosts, 473-75
complement fixation test, 474-75
serum neutrabeation test, 473-74
VITUS recorery, 473
ecthy ma, contagious, 475-76
charactenstics of virus, 476
chneal features, 475
Taboratory diagnosts, 476
complement fixation test, 476
virus recovery, 476
encephalomyocardius, 477-79
charactenstics of virus, 477
chinseal features, 477
Iaboratory diagnosis, 477-19
complement fixation test, 479
hemagglutination-mhibition
test, 479
serum neutralization test, 477-78
varus recovery, 477
exanthem subitum, 480
clinical features, 480
etiology, 480
foot-and-mouth disease, 430-82
chinical features, 480
laboratory diagnosis, 481-82
complement fixation test, 482
serum neutralization test, 482
srus 1dentification, 481-82
virus Tecovery, 481
Diferentiabion of Vescular Disesse
Agenis by Espenmental Tnceultion
amntu:e rzguh'wns, 481
e ractenstics, 481

DIAGNOSTIC PROCEDURES

gastroenteritly, cpndzmlc viral, 483-84
chnical features, 433
ctilogy, 483-84
hepatitis, viral A and B, 484-85
clacal features, 434
laboratory d.mgnosu, 484-85
{ransmussion,
ummuluncumu. epxdemlc, 185-86
chnucal features,
cuology, 435
laboratory diagnosis, 456
measles, 48687
chingcal features, 486
ctiology, 456-87
molluscum contagiosum, 487
clinical features, 437
eliology, 487
laboratory diagnasis,
complement ﬂx:lmn test, 487
macroscopac examination of
ues, 487
moncnucleosts, nfectious, 438-91
blood picture, 458
clinscal features, 488

0sls, 483-91
absorption test, 489-90

heterophile agglutination test, 489
rapid tests for heterophile anti-

body, 4
Neweastle disease, 491-95
chnieal features, 491
etiology, 491
laboratory d.ugnom, 491-95
serodiagnosis, 492-95
complernent fixation l&t. 494
hengglumuuon -inhibition
est, 493-94

serum neutnhzauon test,
494-95

Ruft Valley fever, 495-96
chimeal features, 495
etiology, 495
laboratory diagnoszs, 496
complement fizaton test, 496
serum neutralization test, 496
varus recovery, 496
rabella, 457
climcal features, 497
etrology, #
salvary gland varas infection, general-
1zed, 4
Gomeal Iutures, 457
etiology, 497
Taborstory diagnosis, 497-98
unc:ﬂz and berpes zoster, 498-99
hnjcal features, 49
euolugy, 498-99
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warts, 499
clinical festures, 499
etiology,
Hiyogaancils, us
Miyagawanellae
bronchopneumoniat, 461
Iymphogranulomatosts, 459, 461
psittacs, 461
MM-virus 1nfection, 477-7¢
Molluscum contagiosum, 487
Monkeys, satisfactory duets for, 67-68
Mononucleosss, acute, 488, mfectious,
483-91

Morbills, 486
Mountan fever, 472-75
Mountan tick fever, 472-75
Mouse moculation test, 229-30
Multiple blood specumens, need for, 8
Mumps, 281-312
cextamn propertics of the egg-adapted
varus, 294
resistance to physical and chemucal
] 294
size and shape,
chinical features ni mumps, 283-85
comphications,
incubation pmod 284
mode of transmussion, 283
pathogenesss, 283
penod of fectivity, 284
serum amy lase, 285

567

procedures for serial passages,
288-89

in the monkey, 291-93
cnitena of infection, 292-93
irmatary serologic tests,

292
demonstration of C-F ant

swelling of parotd gland, 262
fests for active ammuraty, 293
10 small expermental ansmals, 203
1n tissue cultures, 29394
remarks on dragnostic procedures, 307-8
shan test, 3047
wterpretation, 306
preparation of antigess, 3056
Mun;gs memngoencephalitis, 285 orchits,
2!

Munpe typhus, §33
Murray Valley virus, 170

Neutralization tests
laboratory diagnosss, 40-43
ammals, 40
fifty per cent end pomts
calculation of 50 per cent serum
neutralization end pomt by
Reed-Muench formula, 48
computation of 1n, 4649

Compulation of Neutralizaion Todex
by Reed Mueach Formula. (table), 47
incubation, 41-42

symptoms of mumps,
284
bte cell count, 284-85
collection of matenials employed 1
Iaboratory diagnosis, 285-87
for 1solation of virus from saliva and
spnal fd, 286
for serologre tests, 286-87
diagnostic procedures depending tpon
demonstration of specific antibody,
293-304.

complement fixation test, 205-300
inhibibon of hemagglutmation,

00302
virus nestralization test, 3024
pathology, 28§
propagation of virus, 287-94
n the embryonated hen's egg, 287-91
indications that infection has
occurred, 250-91
mode of harvesting the matenals,
289-00
procedures for primary egg
passage, 287-83

1 0v0, 40
methods, 41
nonspecafic viral imhubitor, 42
Dotentiating factors, 42
tissue culture methods
identification of varal types by, 115
Colorado tick fever, serum, 473
Coxsackse viruses, 1n tissue culture
(Group B), 160-62, 1 muce, 163-66
dengue, 393
echo, 55
encephalitis, 177-78, 182-62
encephalomy ocarditis, serum, 477-78
foot-and-mouth disease, 482
herpes simplex, 333-36
mfuenza, 1 mice, 259, 1n 0vo, 260
Iymphogranuloma venereum, toxn-

antitoxin, 459, with chicken anti-
sera, 460

mumps, 302-4
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Newcastle discase, serum, 494-95
phlebotomus fever, 398

poliomy elitis, 73-82

primary atypical poeumonia, 268-69
psittacosts, toxin viral, 425-26
rabies, serum-virus, 23338
nichettsial diseases, 548

Rilt Valley fexer, serum, 496

‘variola and vaccinia, 356-58

Neutraluzing capaaty, dmuu)cd by heating,
11, restoration of, 1

Newcastle disease, 49]—95
Nonexanthematous fever, 472-75
Nonparalytic poliomyelitis, 55
Nonspecific factors, 12

Orf, 475-76
Ornthosis, see Psittacosis
Orphan or echo varuses, 91, 59

Pappataa fever, 395

Paralysis from vacanation, 211
Paratrachoma, 445

Pznnaud s oculoglandular syndrome,

Pakhogcn:su of variola, 343
Pathogenicity tests, 423
Pathognomonic cells, 7
Pathologic alterations, 3
Pathology of
dengue, 383-84
encephalitis, 170-71
herpes simplex, 314-15, 317-18, 326-27
anclusion blennorrhea, 44
nfluenza, 24243
Iymphogranuloma venereum, 454-55
mumps, 285
phlebotomus fever, 395-96
primary atypical paeumonta, 26465
psittacosis, 402
rabies, 208-9, 214
rickettsial diseases, S14.
trachoroa, 432
vatiolz and vacaniz, 343-45
yellow fever, 366-67
also see Etiology

Permcious anemza of horses, 469-70
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Pl color test for neutralizing antibodies,
122-28

Phenol red indicator, 140

Phenomenon, biologically nonspecific, 4

Phlcbotomus (pappataci or sandily) fever,
395~98

clnical features, 395-97
methods of isolation and identification
of virus, 397-98
serologic procedures for diagnosis, 398
Phlebotomus papatasi, 395, 397
Plan for viral isolation studics on clinical

materials, 55355
Jwlation and Tdentificatlon of Viruses
GmKlI Hllerhl (Amt: a0} (uhle) 550—”
Specimens and In Dragn
\ull Sludxts (labk) SSJ

Whih Disgaostic Lwlation
Yitthods A.= bnnnhble or Not Generally Ear
Pployed (tabl
Plaque lorm:nuan, 129-31
Plastic contaners, 11-12
Plate C-F technic, 84
Plate techatc, Fulton and Dumbell, 82
Pacumonitis, criteria for proof that caused
by psittacosis-like agent, 403
Poliomyehitis (infantle paralysis), 53-50
charactenistics of the virus, 58-60
host range, 59-60
ph)slul and chemical properties,

Semstance to physical and
chemical agents, 59
size and morphulogy, 58-59
types of varus,
dmlml and cp)demw]oglt considerations

whortive, nonparalytly 20d spinal
paralytic poliomyeDtis, 55

bulbar paralytic poliomy ehtss and
cucephalitic mamifestations, 55-56

erebrospupal fuid, dmgu in, 56

imapparent nfection, 55
ncubation period, 56
pathogenesis, 56
interpretation of diagnostic tests carned
out on patients, 87-89
diagnostic value of virus isolation
and seralogrc tests, 87-58
interpretation when only C-F results
are available, 8!
isolation and 1dentification of virus,

60-72
collection of materal from patients
and carners, 61-62
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feces, 61
pharyngezl {or nasophary ngeal)
‘washings, 62
rectal swabs, 6162
throat swahs, 62
monhey noculation, 66-70
care of monheys, 66-68
Convenpentszed_ moskey cuge, de-
ired o one of tmo Thesus moskeys
T o
caging, 66
duet, 67-68
‘marking of ammals, 63
tuberculin testing, 67
obser\ ation of inoculated
35, 10-72
anmpsy of monheys, 7
cnteria for a positive result, 71
signs of experiment:
pohnm)elms, 0
of femperature chasta
Frpaie
routes of 1noculation of fest
‘monkey,
1ntra-abdominal noculation,
69

ntracerebral moculation, 69
intranasal nstillation, 69
ntraspinal moculation, 69
species, 66
precautions, 60
preparation of matenals for
1moculation, 6366
feces and rectal swabs, 64-66
nervous tissue, 6364
phary ngeal washings and throat
swabs, 66
shipping of specimens, 63
sources of material, 60-61
cliucal cases and carrers, 61
feces, 61
human autopsy matenal, 40
ntestinal mn{mu and wall, 61
spinal col
Pharyngeal (01 nasopharyngeal)
washings, 62
sectal swzbs, 61-62
throat swabs, 62
storage of material, 62
frecuing, 62
glycerol, 62-63
Tyopbihzation, 63
tissue culture methods, 72
serologac chaganstic procedures, 72-87
collection of blood specimens, 72~73
complement fixation test, 82-87
macro {tube) technic, 8384
plate C-F techmie, 84-87
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Schematic dusgram and readings of
plate complement Gxaon test
(Figs, 5-6), after 50
neutralization test, 73-82
intracerebral Lansiog Type 2
test 1 mice, 75-77
wntraspinal test 1n mice far T pes
d 3 antiboches, 77-50

Intraspinal ioculation of mice
Fa 33 e 50

Tneutralzation test 1n fissue
culture, 80-82
Evalystion of Neutrlzston Test
s (table), 77
szsue Culture Neutralization Test
of Patient with Type 1 Poliomyehtis
Virus (table), 81
Poliovirus, properties of, 58-60
Post-mortem material for histologic
examination, 7
Precautions for worhers and laboutory
personnel 1n handling v
for stenlity, 13
encephalts, 171-72
herpes simplex, 318
iclusion blennorrhea, 448
Iymphogranuloma venereum, 455
mumps, 285-85
pohomy elitis, 60
psittacosis, 404
Tables, 215-17
nichettsial diseases, 514, 516-17
Ruft Valley fever, 496
trachoma, 434
vaniols and vaceinia, 348
Precipibin reaction test, 548
Prepa;lgﬂn and storage of tissue, 100-10t,
107-!

Preparation of cultures, 119
Preparation of matersals, 139-48
Presersation of agent
Coxsackie viruses, 154-55
dengue, 385-86
encephalitis, 172-73
Berpes sunples, 331-32
clusion blennorchea, 450
influenza, 243
1y mphogranuloma venereum, 461
mumps, 286-87
poliomyelitss, 62-63
psittacoss, 414
rabues, 232
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richettsial diseases, 517-19
trachoma, 435-37
variola and saceinux, 348
yellow fever, 365-66
Preservatines for sera, 10
Primary atypical preumonia, 263-80
mtroduction, 264-66
climical diagnosis, 26465
differential diagnosis, 265
definiion, 264

et
seralogic procedures
complement fixahion test, 269
serum neutralization test,
263-69
tssue cultures, 267
Airus recovery, 267-68
primary aty pical pneumonia with cold
and ;u:ptococ:m MG agglutiuns,
0-77

aggluluuns for streptococcus MG,
273-75

seneral aspects, 273-73
1terpretation of results, 276-77
technic of test, 275~76
cold hemagglutinins, 250-73
general aspects, 270-72
anterpretation of results, 273
technie of test, 272~73
otber serologic reactions, 277
Progentahs, 315
Propagation of virus
Caxsackie viruses, 154-56
dengue, 384-85
encephalitts, 174-75
herpes simplex, $20-25
inclusion blennosthea, 451-52
nfluenza, 24347
1y mphogranuloma venereum, 456-57
mumps, 287-94
phlebotomus fever, 396-97
poliomy elitis, 68-71
psittacosis, 416-20
nichettsial diseases, 527-29
trachoma, 441-43
variola and vacaima, 348-53
yellow fever, 364-66, 369-71
Also see Tissue culture methods
Proteus bacillus, 532
Pseudo-rubella, 480

Psitacosis, 399-430
Fidemo  of putiacous 5 ormicbons
& 1),
muoducunn, 400-105
agent, 403
clementary bodues, 403
chinical mamh-snuons, 401
laboratory dignosts, 403
entena for proof, 403
pathologic lesions, 402
SQUrCH -3

routine laboratory procedures, 404-27
complement fixation inhibitson
(ndurect) test, 410-12
procedure of test, 412
results, 412
The Complement Fiuuda Fabibioon
Teat (tabley, 413
titration ol mdlnlnr antibody
serum,
Titrat nl Serum for Sl
toaof Lhe l!:'o‘p':r" St
(table), 411
direct complement fixation test,

10
Bedson's method of absorption of
sera, 410

diagnostic materals, 406
interpretation, 403-9
The Actuat Conplement Fussion
Test Ctabie,
pretesting of cnmpl:mcnl, 4018
reagents,
the test, 403
1solation of the agent, 412-26
Steps to detemine the presence of
:ﬂwcx';m e M s 2,

collz:llon and preparation of
tagnostic matertals, 412-15
embryonated chichen egg, 418-19
further 1denufication of the
1solated strains, 423-26
cross-immunity tests, 424-15
pathogemanty tests, 423

€ Paitacosls
Ldentifcation of Patiacods |

sensitivity to sulfonamides,

23~
toxin yural infectivity neu-
tralization tests, 425-26
guinea pig inoculation, 41920
ssolation, 416
microscopic study, 420-22
staiming raethods, 420-22
mouse inoculation, 416-18
sigmificance of results, 422-23
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treatment of contaminated
matesals, 516
other diagnostic tests, 426-27
‘micro-agglutnation test, 426

skin sensitvaty tests, 427
precautions,

ever, 514, 515, 533

antitateve serum hiters, 77

antitatie tests, 75

arantine t £ d h
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preparation and staning of paraffin
sections, 223-24
preparation of impressions and
Smears, 220
reporting the resulfs, 226
Microse s2 Tnoeulation
Studes "'f e §s»:|melu Teceroed st
G S b Department

shipment nl spimal fud saliva, or
tissue specimens, 21
souree of material for microscopic

disease, 481

bies, 20740
introduction, 208-17
ammal reservotr of rabies, 209-10
1msectivorous bats, 200
vampice bat,
ditribution of vrus 1 anumals,

213-14

doghite and prevention of rabies

after exposure, 210-11

necessity for testing saliva specimens,
212-13

pathologic lesions, 214
rabies and paralysis from vacona~

recognition of human rabues, 211
speaial charactenistics of the virus,
213

spe:xal  precautions for workers,
snscepubxhty of different species,

vires & uams, 215
methods of wolition snd lentfcstion
of the virus,
animal speciinens, S1ets
chmeal sources of matersal for
, 217-18
saliva specimens, 217
spimal fluid specumens, 218
examination of staned-tissue
‘preparations, 222-23
Bandung of stuinal head specimens
laboratory, 219-20
ml:rprcutlon of observations,
224-26
Microscopie lnd Arumal Inoculation
Studies M!m!n! Recehved at
Hoch Tosuture (labie), 2
packing and shipping ol amnnl
‘heads, 219
post-morter matenal for testing, 218

rain specimens, 218
salivary gland speamens, 218

stamng of lmpx:ssmns and smears,
21-22

procedures for diagnosis, bologic and
mmunologic, 227-39
chotce of ammal for test inoculation,

-2
complement fixahon test, 239
cross-protection test, 238-39
barvesting mouse-brain specimens,
231

‘microscopic specificity test, 231
‘mouse moculation test, 228-30
observation of moculated mice,

230-31
passage and titration of the virus,
231-32

pathogens other than rabies virus to
be ruled out, 232-33
preparation of specumens for biologic
test, 228-29
preservation of rabies virus, 232
serum-virus neutralization test,
Cross Neutralization Test, Vampire Bat
Virus~Pasteur Rabues Viras (table), 237
Reasons for falure to recver virus, 21
Recovery of yirus, see Virus recovery
Recurrent herpes simplex, 315
Reed-Muench method, 44-45
Relation of stage of ulness to presence of
virus i test matertal u.d 10 appearance
of antibody (table}, 2:
Reportung results of mmmuom
mumps, 307-§
poliomyelitss, 87-89
prumary at; pical poeumonia, 273,
276~17

psittacosis, 408-9, 412
rabies, 226
richettstal distases, 54344
yellow fever, 373, 378, 350-82
Rbunits, acute, 471
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rickettsial diseases, $17-19
trachoma, 43§-~37
vaniola and vacamia, 348
yellow fever, 365-66
Presersatuses for sera, 10
Primary atypical pn:umonla, 263-80
wtroductlon,
clinical dlagnosu, 26+-65
differentlal dagnosis, 265
defimbion, 264

serologic procedures
complement fixation test, 269
serum neutralization test,
26869
tissue cultures, 267
VIrus recos ery, 267-68
Dbrimary atypical pueumoma with cold
and shrplocncc\u MG agglutinuns,
0-77

aggluumns for streptococeus MG,
173275

gencral aspects, 2
interpretation or mulu, 276-77
technic of test, 275-76
cold hemagglatinins, 270~73
general aspects, 270-72
interpretation of results, 273
technic of test, 272-73
other serologic reactions, 277
Progemtalis, 315
Propagation of virus
Coxsackie viruses, 154-56
dengue, 384-85
encepbalitis, 174-75
herpes simplex, 320425
nclusion blennorrhea, 451-52
influenza, 243-47
lymphogranuloma \enereum, 456-57
mumps, 237-94
phiebotormus fever, 366-97
poliomyelitss, 68~71
psittacoss, 416-20
nchetesial diseases, 52729
trachoma, 44143
variola and vaccinia, 348-53
yellow fever, 364-66, 369-71
“Also see Tussue culture methods
Proteus bacillus, 532
Pseudo-rubella, 480

Pattacosks, 399430
Fpldemology of putt
BT fpcots sad omibass
Introduction, 400403
agent, 403
clementary biodues, 403
clinical mamifestations, 401
laboratory dizgnasis,
cnteria for prool, 403
pathologic lesions, 402
sources, 402-3
routine laboratory procedures, 404+-27
complement fixation inhubition
(ndurect) test, 410-12
procedure of test, 412
results, 412

titration of indicator antibody
serum,
‘Titration of Pigeon Serum for Sel
e et S o Tt
{table), 411

durect complement fixation test,
Bedson’s method of absorption of

sera, 4
diagnostic matenals, 406
interpretation, 408-9
The Actuat Complesent Fuuauos
Test (1able),
pretesting of mmplemem, 407-8

isolation of the agent, 412-26
Stepa to determlne the prsesce
%f‘«nmm R b s 30,

all
collection and preparation of

diagnostic matenals, 412-15
embryonated chicken egg, 418-19
further identification of the
1solated strains, 423-26
crossammunity tests, 424-25
pathogemiaity lests, 423

Identficatit ol PSIIAC
Lymp nﬁ' nudoms Viral Ageats
R

scnsmvlly to sulfonamides,
423-2

toxia nnl fectivaty neu-
tralization tests, 425-26
gutnea pig 1noculation, 419-20
1solation, 416
microscopic study, 420-22
staming methads, 420-22
mouse moculation, 416-18
sigruficance of results, 422-23
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Selection of ammals for test moculation,
227-28

Selection of laboratory host, 22
Sensitivity to sulfonamudes, 423-24
Sensitization test, antiglobulin, 544-43
Sera
anticoagulants, 10
siling methods, 10-12
rultiple specimens, need for, 8
neutralizmg capacity, restoration of, 11
destroyed by heating, 1t
nonspeafic factors, 11
preservatives, 10
shpping of, 8-9
sterihity, need for, 9-10
storage of
frozen, 8-9, 11-12 Q
10 flud state, 8
Serologic diagnosis
cat scratch disease, 470
dengue, 386-93
encephalitss, 180-201
herpes sumplex, 333-37
influenza, 247-60
Newcastle dusease, 492-93
phlebotomus fever, 398
poliora ehtrs, 72-87
nickettsial diseases, $31-48
Raft Valley fever, 496
trachoma, 441
variola and vacaima, 354-61
yellow fever, 369-82
Serologic methods, 2544
Serolomc_ Methods Applicable to Diagnoss of
Specifc Viral and Rickeitna) Diseases (table),
3631
agglutination tests, 3840
biologcally nonspecafic, 38-39
buologically speaific, 38
cold agglutination test, 39
streptococcus MG, 39
Weul-Felix method, 38
complement firation tests, 28-34
anticomplementary reactions, 34
aotigen, 32
“stratght-line” 15 “box," 32
titration, 32

unit, 32
“diagnostic titer,” 33

573

dufferent methods, 28
incubation, 33
nonspecific reactions, 33-34
“rapsd dhagnosts,” 33
sensitivity and speafiaty, 28
“standard” method, 28

bemagglutmation-ihibition tests,
3438

nonspeafic mhibitos, 36
speafiaity, 35
neutralization tests, 40-43
ammals, 40
1ncubation, 41-42
 ovo, 40
methods, 41
nonspecafic viral inhupitor, 42
potentiating factors, 42
Serologac tests
appheability, 4 -
ualogically nonspecific phenomenon, 4
collection and handling of blood
specimens for, 8-12
clinical data required, 8-9
collection of specamens, 8
shipping of sera, 8-9
storage of sera, -9
specibaty, 4
usefulness, 4
Serum neutrahization test, see
Neutralizaton test, serurn
Shingles, 498
Shipping contasners, 13
Shipping of sers, $-9
Shin tests
cat scratch disease, 470-71
berpes sumplex, 337
Iymphogranuloma v eneroum, 461-62
wumps, 304-7
psittacosis, 427
Smallpos, see Vartola
Smears
Iaboratory diagnosis, 7
encephalitss, 176
saclusion blennorrhea, 448
lymphograsuloma venereum, 457-59

rickettstal diseases, 524-25
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Ruckettsia akari, 515-48
burnets, 51548
conori, 51548
maosen, 51548
orientals, 51548
prowazeki, 515-43
Qquintana, 51548
rickeltsi, 51548
tsutsugamushi, $15-43
Ruckettsial discases, 513-52

introduction, 514

genera) remarhs, 514

Rickettsial Discases of Man (table), $1§

. _precautians for worhers, $14-17
isolation and identification of nckettsial

agents, 517

collection, shipment, and inoculation

of materials, §17-21
arthropods and ammal reservorrs,
921

human specimens, 517-19
cultivation of richeitsiae in embry-

onated ¢ggs, $27-30

har; st passagc‘ and storage,

popement fox harvesing and
lnmulln: of olk sac tissua (Fig. 2),

lncubauon and moculation,
§23-29

Bench arrangement for lnoculation of
embryonated ezes by the yolk sac
route (Fig. 1), alter 551

maintenance of agents 1n animals,
525-27

Malntenance of Rickettsiae n Guinea.
g1 or Mice (table), 526
‘manifestations of infection in 1n-
oculated ammals, 52128
an Isolation of Rickettsae (chart),

guinea pigs, 523-24
mice, 524-25

fechmc and shipping, $31-32
time of collection, 531
ement fixation tests, 53441
preparation of group-specific
soluble antigens, 538—40

compl
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preparation of ty pe-speafic
washed ricketistal antigens,
$35-38
technic for complement fixation,
540-41; (table), 540
interpretation of results of comple-~
ment fixation and agglutination
tests, 54344
other serologic procedures of labera-
tory importance, 5+t
antitoxin ttration, §46
hemagglutination and hemolysis,
1]

4
neutralization tests, 548
preapitin reactlon, $48
nichettsial agglutination tests, 54143
capillary technic, 543
macroscopic technic, 54142
shde technics, $42-4:
Werl-Felix test, 532-34
interpretation of results, 533-34
Usual West Feliz Arglutination Reac
tlons Obwryed in Ricketisial Diseases
(uble), 533
preparation of proteus suspen-
sions and technic of test,
$532-33
Rickettsialpox, 515, $33
Ruit Valley fever, 495-96
Rise 10 titer of speaafic antibodses, 3
Rocky Mountain spotted fever, 515, $33
Roller-tube tissue cultures, 106-11
Roseola, epidemic, 497, infantalis, 450;
infantum, 480; subitum, 450
Rose rash of infants, 480
Roteln, 497
Rougeole, 486
Routes of inoculation, 23
Routine diagnosis, 25
Rubella, 497
Rubeola, 486, 497
Russian spring-summer (loupmg il?), 170

St, Lows virus, 170

Saliva, testung of for rabies, 212

Salwary gland varus infection, generahzed,
497-08

Sandfly fever, 395
Scabby mouth, 475~76

Screening tests, 75

Scrub typhus, $15, $33
Secondary bacterial infection, 449
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Tables, charts, and illustrations, List of, x-xv

Test animal, susceptsbibity depends on
species and age, 23, 24

Test tubes, washing and care of, 113

Tack fever, 472-73

Tussue, preparation and storage of,
100-101, 107-8

Thssue culture, 25

Tissue culture methods for the cultivation
‘of poliomyelitis and other varuses,
97-151

clmcal hustory, 98-101
HeLa human epithehal cell cultures,
131-38
cellular cultivation, 133
immunologic identification of cyto-
pathogenic strains, 136
isolation asd cultavation of vas,
435

Syv:n n and Scherer’s methodology for
Vi seay and results of  tst (g 11,
X

cytopathogenicity, 35
‘Normal straw HeLa culture (Fig 12),
after 152

medha for growth and maintenance
of cells, 132
neutraleing antibody determinations,
136-37

Syvertn and Scheres’s sehematc da-
o8 of procudures aud resul o vchose
employed for nuuhullnn Wt s
oiber rus Inbabitecs (R 183, after 152

other human cell Limes, 13738

preparation of cells for transfer,

4

prrpauuon ol tube culuues, 134
p;(ﬁln;unn S T SRR W5

roller-tube tissue cultures, 106~11

1solation and typing of virus, £09-11

Virusinduced chenges 1n fibroblast and
epltbelad cell catures (Fige 1-3),

preparation and mamntenance of
roller-tube cultures, 108-0
preparation of tissues, 107-§
stationary-tube cultures, 112-14
identification of viral fypes by
neutralization tests, 115
isolation of virus in bidney epuhehal

1

preparation of bottle cultures, 114

preparation of tube cultures, 113-14
g and care of test tubes,

113
suspended cell cultures, 100-106
angeme 1dentification of varus, 106

§75

detection of virus, 1034
by the cytopathogenic effect, 104
by the inhibition-of-cell migra-

Specific Inhibition of the Cytopathic
Edect_of Poliomyeltls Varus as To-
24"ty e Dol Baravon Tt

dicated by

Ctable),

Tntraven 2 Suspended Cell

Cultyres by 1 lnhmllmn of Cell Stigrar
ion Test (table), I

by the pH- mﬂeumul test, 1034

an Embryome Bran {table)

isolation of virus from chmeal
specimens, 1

preparation and maintenance of
cultures,
cleamng of glasw\ are, 101

preparaticn and storage of tissue,
100-101

human embr; onic tissues, 100-101
human postnatal tissues, 101
muncing of tissues, 101
monley tussues, 101
rage of tissue, 101
lx)psmued Ludney-cell cultures, 115-31
«ell growth 1n 5y nthetic medium,
120-22

virus growth, 121-22
continuous zutomatic trypsinizing
flask, 118-19

Automatic trypsinizes (Fg. 6), after 152
PH_color test for neutralning enti
odies, 122-28
matenals, 123
Disposable styrene plastic panels for
virus l»dn ibody titrations (Fig. 7),
after 1
pmceduu, 123-25
reading and interpretation, 126-28

Aplasuc pune at the Ume of readio

(Fig 8), after
preparztion of (uluues 119-20
Stationary _racks for banding test tobe

cull\lns (Fig 4}, Llur 157
preparation of trypsin-dispersed cell
suspensions, 116-18
mgynwn wpparstus (Fig. 5),
solutions, media, and cell counts, 116
virus-Induced plaques, 128-31
characterslics of 'plaqueforma-
tion, 128-29
plague [nmaunn m bottle cal-
tures, 1
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trachoma, 441
vanola and vaccina, 347, 34849
Solutions, media, and cell counts, nﬁ

Source material utitized in diagnosis
method of virus isolation (lable). ll

Speafic anubozhes, appearance of, 3, rise in
titer of

Spcnmcns. colkzuon of

Example of torm, providing minioal data reqy
on specimens l.nluon 1o be wbmutd ©°
Dhahiory with spaciomea (e 13, chee's

laboratory diagnosss, 5-16
Coxsackue viruses, 153-55
dengue, 387-88, 392-93
encephalitis, 181-82
herpes simplex, 318, 326
inclusion blennorrhea, 449-50
influenza, 243
Iymphogranuloma venereum, 456
mumps, 285-87
poliomy clitis, 61~62
Ppsittacosis, 412, 414
rabies, 217-18
nichettsial diseascs, 414~18, 531-32
vaniola and vaccima, 347, 348
yellow fever, 367
preparation of
Coxsackue viruses, 155
dengue, 383-91
lymphogranuloma venereum, 456
psittacosis, 412, 414
rabies, 228-29
packang and shipping of
poliomy elitis, 63
Tabies, 219
sichettsia) diseasss, 537-21
vaniola and vaccima, 348
yellow fever, 348
Speamens, nccessxty for testing saliva,
for rabues, 21
Specmens and agents considered in diag-
nostic viral studies (table), 553
Spinal paralytic poliomy elitis, 55
Spotted fever, 514, 515
Staming methods, for inclusion bodies
herpes smplex, 327-28
inclusion blennorrhea, 450
infiuenza, 247

Iymphogranuloma venereum, 458~59

DIAGNOSTIC FROCEDURES

psittacosis, 420-22

rabues, 221-224

rickettsial diseases, $29-30

trachoma, 436-37

variola and vaccinta, 348-49
Staining of Lissue cultures, 157-48
Stains

Castaneda, 420, 436

cosin, 157, 317, 327

Giemsa, 223, 421, 4!6. 437, 450, 458, 524

poly:hmma c,

Gutsten methyl wolef. 348, 349

Hecidenban, 421

hematoxy in, 148 (Harrls), 157, 317, 327

Todine, 437, 450

Macchiavello, 420, 436, 458, 524

Mannp224

methylene blue, 221, 328

Unna's alkaline, 224

Noble, 421, 422, 458, 459

phlonn, 328

Sellers, 221, 223

van Gieson, 221

Victoria blue, 436

Wnright, 436, 450
Stationary tube cultures, 111+15
Stenile precautions, 13
Sterility, need for an handling sera, 9-10
Stomatitis, epizootic, 480, of infants,

483-84

Storage cabinet, 16
Storage of sera, 8-9

Storage temperature, 16
Streptococcus MG, 39; agglutunns for,

Switable solutions
buffered gelatin saline, 319
buffered saline 40155 yolk, 319
nutrient broth, 319
physmloglc saline -10% normal horse

rabbit serum, 319

Sul[onarmd:s, effective 1 therapy of -
clusion blennorrhea, 446, treatment with
the 1 trachoma, 432

Suspended cell cultures, 100-106

Swamp fever of horses, 469-70

Syathetic medium for monkey hdnzy cul-
tures (Rappaport’s SM-1), 143



complement fixation test for
detection of antigen, 349-52
gmplement Fusslon Test (abl),

1a elem
‘(n::\m hs\on! (Pl! l) IIIH 362
sdentufication of virus 1 infected
‘membrane suspension, 353
1solation of virus in fertile hen's
tgg
plez—chonoallants
J day! lllzx 1noculation: (Fllmﬁ

AApa— dsys
e oeilition e, Wil
riols—chorwosllantors, 3 days after
Inocubuon (Fig 2), after 362
meroscopie examination of
smears, 34549
serologic and immunclogic methods
iagnosts, 354-61
complement fixation test, 35661
&gﬂpkﬂ::nt Fixation Test (table),

Preperation of Dilution (table), 358

§77

encephalitis, 171
encephalomyocarditss, 477
foot-and-mouth disease, 481
herpes smplex, 316-18
inclusion blennorrhea, 44647, 450-51
mAuenza, 242
Iymphogranuloma venereum,

454-55

mumps, 294
phicbotomus fever, 395-96
poliomy eltss, 58-60
psittacosis, 403
rabies, 213-14, 215
trachoma, 433
varola and vaccima, 34345
Virus-mduced plaques, 128
Vrus recovery
differential diagnosis, 20
reasons for failure, 21

test,
354-56
neutralization test, 356-58
Vectors, arthropod
dengue, 383-85
encephalitis, 170
phlebotomus fever, 395
Tickettsial diseases, 514-15
Versene solution, 143
\'ml Gseases 1n which dusgrostic solation
ethods are unavailable or not generally
cmployed (table), 53
Virus
size of
Cosackie viruses, 153
dengue, 384
encephalitss, 17
herpes sumples, 316
Iymphogranuloma venereum, 454-55
mumps, 204
phlebotomus fever, 395-96
poliomyelitss, 58
Pattacoss, 403
Tabies, 213
Tickettsial discases, 514
trachoma, 437
special charactenstics of
dengue, 334
ecthyma, contagious, 475~76

of negative results, 20
significance of gositusg n‘sulu, 20,
o “tesfanmats\is o T
Colorado tick fev o 47:
. eethyma, 6 s -
znccphalom) ocarditis, 477
foot-and-mouth disease, 481
Newcastle disease, 490-91
Raft Valley fever, 496
also see Isolation of virus
Virus strans m rabes

Flury strain rabes, 215

oulou fato rabaes, 215

Pasteur rabbit-brai-fixed rabues, 215
Visceral disesse 1n newbora 1fants, 316
Vuhosagimts, 315

Warts, 499

Weil-Felix method, 38, test, 532-34
Western equine virus, 170

West Nile varus, 170

Wet fixation, 437

Yellow fever, 363-3;
1sola uun and Adznhﬂcluon of the virus,

1pphcad!mn of methods to animal
st
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Visus-induced plsgues in botdle rul
tures of monkey kidaey cells (Fig. 9),
ulter 152

plaque formation using cell
suspeasions, 131
spot-testing technics, 131
ArPINDIX, 13948
preparation of matenals, 139-47
beef embry o extract, 141
bovine ammiotic fluid, 140
chick embry o extract, 141-42
chichen plasma and serum, 142
Eagle's medium for growth of HeLa
and other human celf hines, 145
Earle's balanced salt solution, 140
Hanhs’ balanced salt solution, 140
lactalbumin hydroly sate medium, 142
mantenance solution for Hela
cultures, 144-45
medwm No 199, 14547
phenol red indicator, 140
synihetic medium for monkey hidney
cultures, 143
type-speafic antiserum, 19
versene solution, 143
staimng of tissue cultures, 14748
Tassue culture cells, isolation by, 323
Tissue cultures, staining of, 14748
Tissue cultures in mumps, 293-94
Tissue sections, 7
Tutration of virus, herpes simplex, 329-331
Trachoma, 43144
ntroduction, 432-34
climacal features and diagnosts, 432
laboratory pracedures valuable, 432
secondary bacteral wfection
common, 432
the virus, 433
teansmssion, 433-34
famihal character, 434
transmitted by flies, 434
1solation and 1denuification of virus
animal inoculation for experimental
purpases, 44143
experimental {rachoma, 44243
routes of wmoculation, 442
selection of animals for mnocula-
tion, 442
source of material, 441
precautions for workers, 434
prepatation and examination of
epithelial scrapings, 435-39
marphology of the inclusion

body, 438-39
thelial cell with elementary body
&r:‘usfon (Fig 1), after 444

5 cel] showing carbohy drate
et Ui D), alier 44

DIAGNOSTIC PROCEDURES

preparation and esamination of
follicular expressions, 43940
cytology of the expressed
matenal, 410
nature of the follicle, 43940
Ppreparation, 439
preparation and examnation of
secretion smears and cultures,
440-41
serologie procedures, 441
types of procedure, 434-35
Tor diagnostic purposes, 43438
for cxperimeatal purposes, 43§
Traumalic herpes, 315
Trench fever, 514, 515
Try psin-duspersed cell suspensions,
preparation of, 116-18
Try psinized hidney-cell culturcs, 11$-31
Trypsinting flask, continuous automatic,
113-19

Tsutsugamushs disease, 522-28
Tube cultures, preparation of, 112-13
Ty pe-speaific antiserum, 139
Typhus feser, S14, SIS

Urethnitis, 447

Vacama
eczema vacanatum, 34§
generalzed, 345
nectosum, 345
primary, 343
progressive, 346
Varicella, 498
Vartola and vaccna, 341-61
cowpox and vaccinia, 34546
cowpox, 345
vaccinia, 345-46
variola, 342-45
¢hnical manifestations, 34743
pathogenests of variola, 34343
patholog:c lesions of diagnostic
amportance,
laboratory diagnostic procedures, 346-61
Laboratory Fest 20 Diagnoas of Vanola
(iable), 346
collection of matenal, 34748
packing and shipping of
specimens, 348
precautions for handiing of
infectious matenal, 348
1solation and identsfication of virus,
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Yellow fever (Cont )
demonstration of Increasing antibody
titer 1 convalescence, 36768
demonstration of speafic lesions,

667

human cases, 36667
isolation of virus from paticnt’s
lood, 364-66
serologic and immunologic procedures
for diagnos.s of dusease, 369-82
Intracerebral protection test, 373-80
method of Pasteur Institute,
Dalar, 378-80
interpretation, 379-80
procedure, 378-79
method of Theiler, 373-78
intrapentoneal protection test,
369-73

DIAGNOSTIC PROCEDURES

olenllSﬂmubylhhtn-

toneal Test In Rice, fo Delermice

ective l‘o'n An!m Yelow Fever
(uable), afier 382

adult mouse ltst (Saw;:r and
Lloyd), 36
Gusde for Inlu'pmabou ol lnlnw#
et dn

:dull mouse test of Smuthburn,
1-12

)ounx mouse test (Whitman),
3r2-73

Results of 1 tooeal Protection
T bl 58

remarks, 380-82

Zoster, 49!
Zona, 493

8






