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{ntroduchen

An Internationat Sympossam on e Dynamics of Virus and Ruckettsial
Infecuons was held m Detrot Michigan on October 21 22 and 23 1953
under the avspices of the Henry Fosrd Hospital This volume constitutes
the proceedinps of the Sympasium and contains the papers that were pre
sented as welt s discussions of them

The idea that a Symposiwm on this broad subject mught prone vatuable
had s ongn with the staff of the Heney Ford Hospital An adwisory com
mttes composed of Doctors Thomas Franais ¢ Jobn G hudd Joseph £
Smadrt and Fredenick D Sumpert shared with 2 Ford Hospstal commtee
under the chawmanship of Dr Frank W Hartman and Dr Gerald A
LoGrppo the responsibshity for the program Thrty three mvesugators i
the field of virus and tckettsial infections were (nvited 0 present papers
Some traveled from distant parts of the world in order to do so Dr §
Ralph Audy for example came from Malaya whie Mc F C Bawden
Dr A W Dowme and Dr F QO MacCallum came from England De AL
fred Gottschalk from Austealia aud Dr Preben von Magous from Den
mack Other eminent workers came from twenty-one mstitutons located
vanous parts of the Umied States In additon to those who gave papers
more than 400 scientists attendid the Sympostum and many of these par
ticipated ta the discussions

Oue of the chuef Uojectives of the Symposwm was to provide an oceasion
for an exchauge of duas and mmformanon between workers in different
aseas of the virus and nickettsial fields The subjects discussed were grouped
m fve major categones Mechantsms of Virus and Rickettsial Infections
which mcluded twelve papees Ecology and Pathogenests of Virus and
Rackeusial Infections with six papers Mechamusms of Immpmity 1n Virus
and Rackettaial Infections with six papers Laboratory Diagnosis of Virus
and Ruckettsial Tnfections wath five papers and Approaches to Prophylans
and Therapy of Vicus and Rickettsial Infections with six papers No at
tempt was made to draw hnes between different varienes of varuses and
rckettstae Instead an effart was giade o mtegrate wformaton recently
obtarted 1 vanous fields concerned with this group of wfectous agents
Twenty of the papers were concerned mamly wish studies on viruses m
fecting maa or amumals seven with vicuses wdecting bactena theee with
viruses wfecting plants and three with nckettstae

After the Symposiue the manusenpts of the papers and transcnpts of

yu



vin INTRODUCTION

the discussions were returned to the participants for revision In the interest
of prompt publication editing of the revised manuscripts and transcripts
has been hmuted to the barest essentials and the participants have been
spared the obligation of correcting proof

Information on virus and nickettstal mfections has theoretical interest
for scientists 1 a number of disciplines and importance for practicing
physicians as well Hence a review of current knowledge 1n this field should
have wide usefulness Furthermore the amount of new wnformation which
1s emerging and the concepts which are now developing 1n the study of
these infectious agents provide additronal reasons for an apprasal of the
findings and 1deas of a large group of promunent workers The proceed
1ngs of this Symposium afford an opportunity for this

FRANK W HARTMAN
FRANK L HORSFALL JR
JOHN G KIDD

Detroit Michigan

February 1954
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The lnttiation of Cellular Infechon by Viruses

Alfred Gottschalk
The Waofter ond Eliza Holl fastitute of Medical Research Melbourne Aurtralia

1t 1s probably true 1o say that viruses represent a mamfestation of kie
at its lowest Jeve of size when size 1s measured iy unsts of mass However
better than by their small siee viruses as a group of hving orgamsms are
defined by thewr common leature of propagation in fving cells only In order
to multiply the virus has to brng its genetic material mnto effective contact
with the metabolic apparatus of the host cefl Probably those cells only are
sustable host cells which can provide the chemical resources required for
virus reproduction and 1 which the genetic umits of the virus are able to
gam control over the host zelt s metsbelic machinery divesting the enzymatic
processes in the direction needad for the zepheation of virus genetic patterns
and the eventual formation of a new generation of mfecuve virus

In order to get access to the mtncate structure of the cytoplasma har
bounng the enzymic equpment of the host cell the virus has to make con
tact with the cell It would appear that two different mechamsms exist by
which a virus host celf contact ss established

{1} One group of viruses companag vacama vires ectromeba psst
tacosts and others are able to multiply m 2 wide range of epitheha) and
other ammal cells Thetw contact with the host cell may be visualized as a
chance colliston once 1 contact wath the surface of the cell the vizus partwcle
15 taken wto the ceft qust Ike other foreign bodies (chascoal dyes etz )
With these viruses there 15 no evidence for the presence at their surface
of 2 mechanism ensuning close and selected contact with the host cell s sur
face

{2) A scoond group of wiruses acluding the bactenal viruses the sn
fluenza mumps group and the disease %irus 58 n s
Propagation to cells kang a surface in contact with the envizonment These
viruses have evobved an elaborate effector fitting prectsely 2 receptor at the
surface of the host cell This effector receptor mechamsm for attachment

3




4 DYNAMICS OF VIRUS AND RICKETTSIAL INFECTIONS

of the virus at the surface of the host cell has been worked out over the past
ten years in great detail for the influenza virus group and more recently also
for the bactenial viruses as far as can be assessed the mechanism of virus
host cell combination with influenza and bactenal viruses 1s closely related
The attachment of the virus to the host cell 1s the mitial step mn viral mfec
tion and I will confine this paper mainly to the imtiation of cellular nfection
by influenza virus for 1t 15 on this system that since 1945 the workers at the
Hall Institute 1n Melbourne have studied the imtial phases of virus nfection

The first relevant observation was made by Hirst! when 1 1941 he ob
served that mfluenza virus grown n the lining cells of the allantorc cawty
of chick embryos agglutinates fow] gumea prg and human erythrocytes the
virus particles act by bemng adsorbed to the surface of the red cells and
forming bridges between the erythrocytes Virus haemagglutmation 1s essen
trally an adsorption phenomenon Since the heat of adsorption not mvoleing
strong chemical bonds 1s usually small virus haemagglutination proceeds
well at 0° C When Hurst allowed virus and red cells to mnteract at 37° C
adsorption of the virus onto the red cells was followed by spontaneous
elution of the virus into the medium That this phenomenon of adsorption
and desorption 1nvolved more than a purely physical procedure was shown
by the further observation that whereas the virus after its spontaneous
elution from the cell surface 1s functionally mtact the red cell 1s irreversibly
changed so as 1o be no longer available for virus adsorption or agglutination
Hirst clearly gized the bl of the p descnbed to
an enzyme the enzyme p d by the virus forming
as 1t were by its adsorption onto receptors at the red cell surface an enzyme
substrate mtermediate complex which after chemical interaction breaks
down mto regenerated enzyme and product 1e mto lving virus and
changed red cell surface

To obtan more direct evid for this interp an h by
brological physical and chemical means was decided upon 1n our Institute
The first major biol 1 L was the pre and purfica

tion by Burnet and co workers® of a soluble enzyme from vibrio cholerae cut
tures This enzyme imtates nearly to the last detail the actiity of the
enzyme supposed to be present at the virus surface It stabilizes red cells i
the same manner as does the virus making the cells unavailable for further
agglutmation The bactenal enzyme referred to as teceptor destroying
enzyme (RDE) has proved of the greatest value for the progress made 1n
further research on the subject under discusston Burnet s finding strength
ened ferably Hirst s of the nature of the spon
taneous elution of the virus from the erythrocytes

Another observation pomnting 1n the same direction was the change in
net electrical charge of the red cells after treatment with virus or RDE
1948 Hanig* showed that the actron of the PR8 stramn of influenza virus on
human erythrocytes resulted mn a decrease m the electrophoretic mobiliey

.



MECHANISMS OF INFLCTION s

of the cells »s measund i phosphate buller ot pH 735 This sy estigation
was extended by Ada and Stone? 1n ous Institute to includy vanous mem
Pess of the nfuenza mumps Meweastle disease group of visuses Difforent
strans were found fo reduce the electeophoretc mobility value to diffirent
lerels thaugh none of them down to the kovel obtained wih a purtfied prep-
aratton of RDE  An indranon of the extent of reduction 15 given in
Frgure 1
phet{ealtfem
"
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Further work shawed that parual or complete pretreatment of cells with
any varus stenn followed by treatmem with RDE reduced the electro-
phoretic mobihity of the cells to the same value as that gbtamed with RDE
alone The fock of apy summation effect was taken as ewidence that the
same groups at the red cell surface which were susceptible 10 an attack by
the varous vieuses were dlso sepsstrse to vibno enzyme action The den
uficaton of the groups responsivl. for the decrease in elecineal charge had
1o awatt chemcal amalysis

As mentionsd 2hrrady 1ed celfs P teated with RDE do not adsorb virus
The complete ad orp! i $ requres the unh bving
wirus and wotact receplors at the yed colt surfacy 1 1s possible  howeser
ta alter by controlld damage either of the reactants m suh 2 way as to
affow adsorption but funder spontancoys elution When for instance fowl
ot human red cells are treated with T m the
range 021020 mg penodate per mt of packed cells 1e with M/100 10




6 DYNAMICS OF VIRUS AND RICKETTSIAL INFECTIONS

M/1000 periodate the living virus 1s adsorbed to but not released from the
penodated cells ©7 The same over all effect 1s scen when itact red cells
are mixed with virus previously heated to 55 C for 30 minutes Tlus virus
still adsorbed to the cells and agglutinating them has lost the capacity to
change the receptors 1n such a way as to result in spontaneous elution of
the virus &

These facts taken together left little doubt that the red cell surface har
bours receptors serving as specific substrate for the viral enzyme and the
closely related or 1dentical enzyme produced by V cholerae However there
could be some doubt whether 1t was permssible to apply the nsight gamed
mnto the virus red cell relationship to the host cells of influenza virus since
red cells do not support virus propagation It was therefore very gratifying
to find that practically all the relevant phenomena observed with virus and
red cells were reproducible when host cells were substituted for erythrocytes
Agam Hirst® was the first to demonstrate adsorption of the virus onto and

p elution from P y cells of the excised ferret
lung The same sequence of events was found mn the excised mouse lung and
Fazekas'® has mvestigated this system extensively He found that active LEE
virus 1s practically completely adsorbed to the lungs 1 15 min and that at
20° C 50 mun after admimstration spontaneous elution begins and that 1t
comes to an end 1 3 hours with about 75% recovery of the virus used
RDE 1s able to nterfere with this sequence n two different ways (1) When
RDE 15 admumstered prior to virus installation the respiratory surface of
excised mouse lungs 1s Tendered ncapable of adsorbing the virus (2) If

RDE1 2 4
L { '
<100 | — E
S i
2 80 | ——————— ]
S sof i -
8 q0f ¢ -
< ]
W 20F |\ .
E AN S N T VRS TR U U |

o 60 120 180 240

MINUTES
the excised
Action of RDE on adsorption and elution of virus in mouse
IunFszotted Iine represents the normal adsorption-elution curve of virus in un
treag!zd lungs Solid lnes show the result of washing out the Jungs with RDE 4t
{he time mdicated by vertical arrows



MECHANISMS OF INFECTION 7

administered at any tme interval after virus addiion RDE liberates 1
510 10 mun all residual virus from the lung cells Heat snactivated virus 1s
adsarbed to the lung cells but without spontancous clution following
The allantoic cavity of the chick embryo provides another easily avalable
system contaming cells susceptible to nfluenza virus snfection Stone!
has carefully studied this system with the following results
(1) If the allantoic cavity 1s washed with formalin thereby killing the
embryo the virus 15 adsorbed to and cluted from the lmning cells of the
cavity 1n a fashion very simtlar to that descnibed for red cells and the mouse
lung
(2) When the hzed cavity 1s p d with penod virus 1s
adsorbed but not eluted
(3) Virus deposited m the allantorc cavity of hving embryos 1s adsorbed
by the susceptible cells this adsorption 1s followed not by elution but rather
by infection of the cells
(4) The mjectron of RDE 1nto the cavity of the iving embryo pnor to
virus 1nstallation prevents infection for a period of 1 or 2 days when re
of P restores susp y to the virus
1t would appear that the accumulated data are conclusive evidence for
the presence of dishinet receptors at the surface of host cells These receptors
provide the anchonng ground for the influenza virus and are therefore a
prerequsite for virus infection The virus at 1ts surface carnies a specific
enzyme which fits the receptor and can modify 1t
Qbviously any further progress as to the nature. of the cellutar receptors
and to the mode of the viral action had to come from chemical work Three
observations paved the way for the chenucal approach started in Melbourne
m 1948 (1) Franais' discovered that influenza B virus upon heating to
55 for 30 min though not losing tts capacity to agglutinate red cells was
prevented from doing so by normal serum (2) Anderson 2 1n our Institute
showed that the nhibitory agent in scrum the Francis mhibitor was a
specific substrate for RDE and was rendered mactive by this enzyme and
by the viruses of the mumps influenza group (3) Burnet!* and co-workersts
found that a great variety of mucinous matenal from human source (gastric
mucin ovarian cyst mucin uterine cervical mucus saliva respiratory
mucus) and from animals (sheep submaxillary glands egg white) contan
2 potent virus haemagglutinin mhibitor RDE or virus treatment 1nactivated
the intbstor
From the facts that the same specific enzyme wreversibly changes both
the cellular receptors and the soluble mucins 1 such a way as to make them
msensitive towards mnfluenza virus and that the mucins are competitive 1n
ibetors for the adsorption onto red cells of partially mactvated virus 1t
was concluded that the ceflular receptors and the mucins contamned an
idenucal or chemucally related structure 1n other words we regarded the
soluble mhibitory mucins as chemical analogues of the cellular receptors
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M/1000 penodate the iving virus 15 adsorbed to but not released from the
peniodated cells 7 The same over all effect 1s scen, when mntact red cells
are mixed with virus previously heated 1o 55° C for 30 minutes This virus,
still adsorbed to the cells and agglutinating them has Jost the capacity to
change the receptors m such a way as o result w spontancous eluton of
the virus &

These facts taken together left httle doubt that the red cell surface har
bours receptors serving as specific substrate for the viral enzyme and the
closely refated or 1d enzyme produced by V' chot However there
could be some doubt whether it was permissible to apply the insight gamed
1nto the virus sed cell relationshep to the host cells of mflucnza virus since
red celis do not support virus propagatton It was therefore very gratifying
to find that practically all the relevant phenomena observed with virus and
red cells were reproducible when host cells were substituted for erythrocytes
Agan Hirst? was the first to demonstrate adsoeption of the virus onto and
spontaneous elution from susceptible resparatory celfs of the exaised ferret
lung The same sequence of events was found m the excised mouse hung and
Fazekas'® has s d this system ly He found that active LEE
virus is practseally completely adsorbed to the Iungs 1 15 mun and that at
20 C 50 mun after admunustration spontaneous elution begins and that it
comes to an end i 3 hours with about 75% recovery of the virus used
RDE 55 able to mterfere with this sequence m two different ways (1) When
RDE 15 adnumstered prior to vicus mstalfation the respiratory surface of
excised mouse fungs 1s rendered mcapable of adsorbing the virns (2) M

RDE§ 2 3 4
SR LR {
~ 100} | b
% gol | ]
§ 80+ = e e
3 601 g
L1 ~
b 40 ,
Y 20F
g S [ A B T T T
60 120 180 240
MINUTES

he excised mouse
tton of RDE on adsorptzon and etution of vsrus in ¢

luxrgmnit;::l ;mc represents the normal adsorption elutron curve of virus in un

treated fungs Solhid hnes show the result of washing out the Jungs with RDE at
the time indicated by vertical arrows
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alysis might vield some 1nformation about the I hrlich reacung component
which was supposed to be present in the carbohvdrate moiety By chroma
tographic and spectroscopicat evidence we could identify glucosamine
galactosarmne galactose mannose and fucose as components -* In addition
the polysacchande contained ndecd the aad labile substance referred to
above
Recently © we have identfied this as pyrrole-2

acid by p 1ts proy with an auth sample of the acid and

CH HoC~————CHz
+2H.
" “ Ptla l l
C COOH HaC, CH COOH

N Ny

H

2-Carboxy-pyrrole Proline
Fic 3

by tts catalytic reduction to proline This imuino acid as a pyrrole denvative
oves immediately a strong Ehrlich teaction and when heated with ditute
mneral acid mn the presence of a reducing sugar gives rise within minutes
to the formation of soluble and insoluble black humin just as observed
with the splt product We have found this tmmo-acid 10 all mucoprotemns
inhibiiory or not and glycoproteins tested so far 1t ss presentn the com
pound released enzymatcally from nhibitors and most probably 1t 1s a
constituent of siahc acid @ compound of unknown structure giving the
Ehrlich reacuon without any pretreatment first 1solated by Blx™ from
bovine submaxillary glands

From the quantitative data available  # a rough estimate may be made

of the mol P of the complex of the urme
mucoprotein

8 Hexosamne residues

6 Galacto e mol weight of umt

3 Mannose {326%)

1 Fucose wheten < 5

4 2-Carboxy—pyrrole residues

The dalzability through a celiophine membrane of the polysacchande
obtamed from the mucoprotein by alkal treatment would suggest that n
15 not more than 3 or 4 We regard therefore the smallest unat (3264)
as an indidual prosthetic group rather than the repeating prut of a gant
polysacchande and visuahze the mucoprotem as a conjugated protein con
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We d first the between punfied influenza virus A
(Melbourne stramn) and ovomucin a protemn fraction of egg white con
tamning the virus haemagglutimn mhibitor It was found:® that upon virus
action a water soluble and dialyzable compound 1s released from the muco-
protemn containing carbohydrate and a mitrogenous substance The com
pound had quite unusual features The carbohydrate was unstable aganst
muld acid treatment at 100 for 10 min  the nitrogenous substance or a
component of 1t gave the Ehrlich reaction thought at that time to be specific
for hexosamnes however i contrast to the acid stability and alkalt liability
of the known he gl and chond; our hexo
samine was acid labile and alkals stable Though at this stage the chermical
analysis of the split product was unyielding 1ts 1solation was defimite chemt
cal proof for the enzymatic nature of the reaction studied Treatment of
ovomucin with RDE resulted 1n the release of a compound very similar to
that obtained with the viral enzyme No simular enzyme was detectable 1n
the host cells of the virus or 1n the nutnent flmds of the chick embryo and
1t could be shown'? that the enzyme 1s an integral and mseparable part of
the virus particle itselt
As menttoned before ovomucin s a protemn fraction and with an ade
quate technique 1t was found!® to contain not more than 5 to 10% nhbitor
It was therefore of great mterest and value to us that Tamm and Horsfall'®
succeeded m prepanng from unne an mhibitory mucoproten Quite inde
pendently Tamm and Horsfall ® and Ada and Gottschalk * produced by a
modification of the ongmal method an electrophoretically homogeneous
substance When highly purified mfluenza B virus (LEE) was allowed to
act on the unne mucoprotemn until 1ts mhibitory faculty was lost a com
pound was separable from the reaction muxture by dialysis nearly identical
with that obtamed from ovomucin It resembled m many details amino acid
N—glucosides or therr 1somers (N-substituted soglucosanunes) which
had been h d 1 our lat y ¢ In these synthetic
compounds the carbohydrate 1s as unstable towards muld acid treatment as
we had found 1t m the product released from mucoproteins by the viral
enzyme The ammo acid N-glucosides or their 1somers differed however
from the natural compound 1n that they did not gtve the Ehrlich reaction
(without acetylacetone) These findings strongly suggested the presence m
the inhibitory mucoprotetns of a mtrogenous component other than hexo
samine being respansible for the Ehrlich reaction given by the split product
Hirst® and Burnet and Ius group # had terpreted the modifying effect
on cell receptor and inhibitory Js of low of
periodate 1n terms of the well known oudation of a-glycol groups 1 carbo-
hydrates The presence n the split product of a sugar'®? supported the
view that the carbohydrate complex of the mucoprotern was subject to
attack by the wiral enzyme An analysts of the carbohydrate complex of
the urine mucoprotein was therefore undertaken hoping that such an an
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sults 1o adsorption of the virus to the host cell When both the polysac
chande and the virus enzyme are 1 their natural state adsorption 1s fol
Jowed by enzyme action on the anude link of the pyrrole denivative If some
a-glycol groups 1 the polysacchande are oxidized by perourdic acid ad
sorption of the virus to the cellular receptors still takes place though not
followed by enzyme action For infection to take place only adsorption of
the living virus at the host cell 1s necessary enzyme action on the prosthetic
group of the receptors 1s not a prerequisite for cell infection as demonstrated
by mfection of host cells the receptors of which were modificd by pretreat
ment with penodate 3 Once adsorption has taken place the virus 1s ingested
1to the cell an act proceeding at a higher rate than the spontaneous elution

HOH,C

i
cH
cH |
HCOH
° |
e cc/ o HCOH
N o~ |
NHCH
|
e C—0—R

HCOH ‘Tail of the prosthetic
group

HC

Fic 5

This then 15 the concept of 1nthiation of cellular mfection by mfluenza virus
held at present by the Melbourne workers as the outcome of expenmental

work by many American virologists and by Burnet and hus collea,
Walter and Eliza Hall Institute ges at the
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taumng as prosthettc group a rlatwely small polysacchande about two
huadred of such polysacchandes may be lmked to each protemn molecule
on the basis of a mol weight?? of 7 )¢ 10¢
it scems of consmiderable nterest that the carbohydrate complex of the
receplor substance present at the surface of human erythrocytes contains
and fucose®® and that the prosthetic
gmup of the whubutory mucopm(em prepared from human salva® consists
of hexosamne galactose fucose and 2-carboxy-pyrrole 3t
Concerning the hinkage of 2—<arboty-pyrrole withm the prosthetic group
of the inhibitory mucoproteins 1t 1s suggested that its carbonyl carbon forms
an amide link with the nitrogen of an adjacent hexosammne whereas the
pyrrole mitrogen engages in a glycosidic inkage wath 2 sugar residue Both
such linkages would be atkals tabile as they were mdeed found to be ¢ The
pyrrole nitrogen has no basic property hence 1f the viral enzyme be an
amdase 1ts action on the amde link will add a positive charge to the
residual P not counterbalanced by an egmvalent loss n the sphit
product In fact it has been shown recentlv bv Tamm et al® for the unne
minbitor and by Pye* m our Inshtute for all inhibstory mucoproteins pre
pared 50 for n a hnmageneeus sme that the net negative charge sharply
after virus with RDE just as had been
found previously for the red cells 3
These are the essential facts which have a beanng on the influenza virus
host cell tup under d We fude from them that the
first step 1 cellular infection by mfluenza virus ts the adsorption of the
mnfective pasticle onto the receptor substance at the susface of the host eell
‘There can be ttle doubt that the cellular receptors are conjugated proteins
that therr prosthetic groups distribuied 1 pattern form over the protem
surface are heterogeneous polysacchanides and that the tail of these poly
sacchanides contamns a pyrrole—carboxylic acid jomed most probably by an
ammde hink to a hexosamne tesidue and by an N-glucosidic link to a sugar
residue At the surface of the nfluenza virus are areas with a pattern fitung
the foose ends of the polysacchandes the chemucal groupings building up
\hese patterns are endowed with enzymic property Mutual attraction by
forces of the P y areas at the influenza viras surface
and at the free end of the prosthetic groups of the host cell receptors re

SEGMENT OF URINE INHIBITORY MUCOPROTEN

((/ ! \//\\/ \ \\_O"“

e e e e o o 500 A (Y s 100! HeAgIhYmm e —m -m ~

F16 4 Showing a section of the thread ltke urine mucoprotesn molecule (axial
rato of about 200) with the prosthetic groups in pattern form distributed over

the surface
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Some Central Problems of Viral Growth

A D Hershey
Cornegre Insttution of Washingten Cold Sprng Harbor New York

It 15 generally accepted (Cold Spnng Harbor Symposium 1953) that
mfection of bacteria by phage T2 starts off with the 1njection of the viral
nuclerc acid mto the cell I shall not dwell on the evidence for ths fact but
pass tmmedyately to what I consider 1ts more interesting mmplications These
may be stated 1n the form of four assumptions

1 Nuclesc acid 1s the sole agent of genetic contnwity duning multiphica
tion of the virus

2 All the nucleic acid of a particle of T2 1s necessary for the produc
tion of a danghter particle but part of 1t should suffice when complemented
by another particle for the production of 2 hybnd

3 Large specific preces of nucleic acid are passed mtact from mother to
daughters dunng viral replication (or through concomitant recombination)

4 Viral proteta has no function during viral replication msofar as this
process can be distingmshed from the maturation of mfective particles

It must be 1nsisted that the evidence for these assertions 13 mcomplete
for some of them 1t 13 347 The 1hy Ives would have
been meaningless a few years ago and 1t 1s a measure of progress that each
of them now suggests a number of lies of 1nvestigation that are perfectly
feasible The program of research amved at n this way has a special char
acter however Practically all hope of learing something about growth and
whentance by 1t depends on the wager that some of the postulates to be
tested are true

To examine a few consequences of these assumptions 1t 13 necessary to
recall the scheme for which we are indebted principally to the work of

2 that genetic about phage growth Ac
cording to this scheme the infected cell contains nomnfective particles
called vegetative particles as well as mfective particles The vegetative par
ticles muluply and interact with one another to produce genetic recom

13
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binants The mfective particles are terminal products of viral growth and
are metabolically mert 3 The hypothetical vegetative particles are thus pre
cursors of the infective virus
The genetic results call for a fairly large number of vegetatne particles
per cell Viscontt and Delbruck?! assumed at least 40 per bacterium and
Levinthal and Visconti® arnved at the number 30 which 1s probablv 2
mimmal estimate
All this means that 1f the assumptions stated above are correct the 1
fected cell must contain nucleic acid that (a) s not contained 1n nfective
particles (b) has the punne and pynmidine composition of the nucletc
acid of infective particles (¢) 1s a precursor of the infectve particles and
(d) measures at least 30 times the amount of nucleic acid present m one
mfective particle
Nucleic acid having all these 1stics has been 1d d 1n infected
bactenia by Hershey Dixon and Chase ® and by Hershey 5 Was this result
to be expected on more general grounds? Evidently not if for example
only a small part of the nuclerc acid of the infective particle 1s contamed
m 1ts germinal substance a possibility that had to be considered very
senously 1n the past 19101 The analysis of precursor nucleic acid tends
to show on the contrary that the vegetative phage particle contams ap-
proximately as much nucleic acid as the infective particle This can scarcely
be called a confirmatton of my assumption (2) but it1s a step mn the nght
direction
The assumption that viral protem has no function duning viral replication
suggests that the bulk of the protern should be formed somewhat later than
the nucleic acid as part of the process of maturation of infective particles
Some preltminary results of Maalge and Symonds'® are not mconsistent
with this possibility The same may be said of the work of Luna and his
Tlab referred to el 1n this D However no attempt
by purely biochernical methods has yet been made to fix the time of protem
synthesis relative to other measureable features of phage growth Dr June
Dixon Hudis 1s now beginning this attempt but the technucal difficulties are
Tikely to be considerable and a successful answer to the man question
will be partly a matter of good luck
In concluston I repeat that the problems I have discussed are far from
solved and may remaim so I have discussed them chiefly to 2ir my opumon
that the bacteriophages are worth a long close look with these problems 1n
mmind Fortunately some very capable mvestigators agree wath this part at
least of my discussion
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carbohydrate and phosp moicties have been listed among
Its P 3 Studies 1n our lat y have been undertaken to identify
and count the groups responsible for the cellular surface charge These cells
spontaneously agglutinate when the pH 1s lowered to about 4§ a region
where the 1omzation of the carboxyl groups 1s strongly depressed More
over treatrment with agents like propylene oxide or 95% CH,OH 4 01
M HCI which speaifically block free carboxyl groups also neutralizes the
surface charge to the point where the cells precipitate even at newtral pH
It may be concluded that the stegatwe surface charge of these cells 1s due
1 large part at least to the presence of free carboxyllate 1ons

The number of these negative sites has been estimated by measurement
of the binding of three different types of positive radicals H+ 1on,® pos
ttively charged dyes hike methylene blue and radioactved Zn++(3 All
three methods agree 1n fixing a vafue of approximately 3 X 107 negative
groups on the cell surface a tremendously high value Accepting the max
mal dimenstons of these cyhndncal cells to be 2u in drameter and 4y Jong
a carboxyl group must be contained mn each 100 square angstroms of the
cell surface

The number of positively charged surface groups on cells of E coli B1s
as yet d but the P show Ty that
this number 1s much less than that of the negative sites

1 As noted 1n the absence of added salt cell suspensions begin to ag
glutinate when the pH 15 lowered to 4 5 Further Jowenng of the pH even
o zero does not re-disperse the cells If the positively charged groups were
comparable in number to the negative carboxyls a point of re-despersal of
the aggregate would be expected within approximately one or at most two
PH unuts below the itial precspitation pownt {Expeniment has venfied that
all the changes described are reversible so that failure to re-disperse cannot

be attnibuted to rreversible side reactions )

2 Treatment with f hyde which blocks of amino groups
has no measurable effect on the agglutination of these cells by Ca++ at
vanous pH s (Fig 1)

3 Although these cells have a tremendously high affimty for positively
charged polyelectrolytes they will not bind to molecules contaming only
Tnegative groups at values of the 1omic strength even 1n excess of that needed
to produce virus host attachment 87

4

1 1
unary

charge on these cells at pH 7!

These cells then are to be pictured as presenting a surface of extremely
igh negateve charge density to the surrounding medium  As a result of the
electrostatic field thus engendered this surface must be 1n a condiion of
continuous stram due 1o the action of its unbalanced repulsive forces There
wilt also be a strong tendency of this surface to bind positive 10ns from
the medwm or to hold them at a somewhat greater distance 1m an electncal

mdicate a high net negative
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Cell Attachment and Penetrahon by Viruses*

Theodore T Puck
Department of Biophysics Florence R Sabin Laboratories, University of
Colorado Medical Center Denver Colorado

In this discussion the term attachment will refer to the mitial reversible
umon between viruses and the outer wall of the host cell and the penetra
t1on process shall be considered to start with the irreversible reactions which
follow thereafter and to end when the parts of the virus which function 10
synthesis have reached their target sites within the cell The penetration
penod 1s then the interval duning which the cell 1s converted from a factory

ing cellular sub y to one which 1 addition or
mstead synthesizes viral constituents At Ieas! some of the steps of the
penetration process require a medium of only worgame constituents so
stored energy from virus or host must be utilzed Understanding of the
nature of these ledge of the normal physical
and chemical state of cellular mcmbmnes as well as of the changes mduced
m them by virus mvasion Actually the cell surface s one of the most
obscure hinterlands of biology and the fi y data so far 1abl
afford no more than a suggestion concerning the nature of the processes
nitiated there by an attackiag virus

Phystco Chemrcal Structures of the Inferacting Surfaces
The Host Cell Except where otherwise stated all experiments cited will
deal with the T2r+ bactenophage and its host cell E col: B Thus strain of
cells ke most !xxc:ena POSSESSES A s.lw;w negatve surface chorge as s
dicated by 1ts el d 1ts aggl and precipita
tion when the pH of the solution 1s Iowered The chemtcal structure of the
cell wall substance has not yet been delineated although ipid protein

£ the experiments here discussed have been carsied out as part of a pro-
d under research contract No_ AT (111) 269 with the Drvision of
ne of the Atomic Energy Commussion
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precipitation of T2 begin at pH 4 8 and 1s maximal 1 the neighborhood of
30 mdicates that here too the negative charge seems manly to be due
to 1onization of the carboxyl group
The available evidence indicates however that the negative surface
charge of the bacteriophage 1s apprectably less than that of the ccll
1 The ssoelectric point of T2 virus as judged by the pomt of mimmum
solubility 15 considerably higher than that of its bost Thus T2 phage which
beguns to agglutinate at a pH of 4 8 precipitates maximally at a pH near
30 and begins to be redispersed when the pH drops below tius value 1n
contrast to cells which do not redisperse apprectably® even at pH of 0
2 In contrast to the cells T2 and other bactenophages will attach to a
negatively charged 1on exchanger provided that a sufficient concentratron
of cations 15 present m the medium 7
Phage T1 s of particular imterest because a reversible electrostatically
controlled rearrangement of the phage particle has been demonstrated 01
Hydrogen 10n added to a suspension of T1I 1s bound to the virus thereby
neutralizing a portion of its excess negatve charge The resulting partrally
virus then a which at 0 C s 1e
versble producing a new form that we have designated as  sensitized
whuch still attaches to host cells but does not reproduce In the absence of
cells the sensitized form of the phage can be restored to the normal form
by raising the pH or by the addrtion of divalent cations which compete with
H* 10n for sites on the virus However a large excess of metallic cations
can also produce reversible virus mactivation The rearrangement from the
sensitized to the normal form 1s 1 relattvely slow reaction with a half Ife of
the order of 10 minutes 1n contrast to the actual 1on binding and dissocra
tion which appear to be practically 1nstantaneous Although other wviruses
have not yet been studied m detarl for this process there 1s at least some
suggestion that sunilar effects may be mvolved Thus the shape of the pH
inactivation curves of T5 and T7 at 0 C are 1dentical and that of T3
simular to that of T1 where the sensitization process has been demonstrated
to be responstble for the observed loss of invasive power Adams?? has
ds d a reversible. d of plaque by T5 on Cat*+
which cannot be sausfied by Mg*+ or other cations The existence of dif
ferent energy states of the virus which are tnggered by electrostatic forces
ansmg from ton binding may be important to an understanding of the
subsequent sphtting reaction
Anderson has published electron micrographic studies indicatimg that
T2 phage attaches to its host cell through its tal Recent mmunologic
studies™ have dumonstrated that the tal protemn 1s structurally different
from that of the phage head Funally 1t has been shown that nerther T1
nor T2 bacteniophages can simultaneously attach to two or more host cells
an indrcatson that attachment sites are confined to 2 small area of the virus
surface m contrast to the case with animal viruses like mfluenza @ It may
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0
PRECIPITATION
-1
LOG
[ce*] 7 B
2 A
B/I5N\
X
NOQ PREGIPITATION
!
3

3 4 5 6 7T 8 9 ©
pH
e 1 The Catt- and H*-1on induced aggluumanion patterns of two ceff
mutants one of which 15 attacked by ail the T system viruses while the other s
resistant to atfachment by T{ and TS
The curves indicate that the B/1 5 rautant has a lower neganve surface charge
than B which 15 a umversal host  The shapes of these two curves reman 2lmost
unchanged 3f the turation s carned out 1 the presence of a large excess of
hyde which blocks of 2mmno groups However if the carboty]
groups are blocked as by estenfication the cells agglutmate spontancously at
pH 7 Hence the amuno groups affecting the surface charge are much fower
number than the negative carboxyl groups

donble Jayer The degree to which cations become bound to specific sites
on thus surface will alter its charge and probably its configuration as well
As 15 to be expected these cells exhibit a tremendous bmdmng affinsty for
cations ke Zn++ less for Cat+ and Mg*+ and suli less for Na+8 Thus
the reactsons of such cells wath virus particles or with other substances will
be strongly d d by the charge ps of the g bodies
and the somc consttuents of the medum

Bactenophage Structure The T system bactenophages are composed of
protesn and DNA m roughly equal q these two ac
countg for practically all of the mass * Al of the viruses so far examued
(T1 T2 T6) have negative charges at neutral pH's and the fact that
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the metalhic cations 1n promoting attachment hies more 1n their interaction
with the virus than with the cell This conclusion is supported by two nde

pendent limes of ewidunee  (a) The charactenstic salt requrements for
virus 1nvasion are vigus specific but not cell specific Thus T2 requires the
same specific salt concentration for attachment to F colt B the universal
host as to mutant cells ltke B 15 or B/4 despite the fact that such cell
mutants differ matkedly from cach other n their surface chemical config

urations 2 (b) The T system bactertophages (and influenza virus) can
attach to the negatively charged surface of a catiomic exchange resm The
attachment of each virus o such a resin displays the same specific salt
dependence as does attachment to its host cell On the other hand the
E col: host cells themselves do not become attached to a catiomic exchanger
even 1n salt concentrations far tn excess of that required for cell attachment
by any virus of the T system 7 It may be concluded that interaction with
metallic cations changes the surface of the virus 1n such a way as to make
posstble 1ts attachment esther to the negattvely charged 1on-exchange resin

or to a haost cefl

Since both components contain negatively charged sites those on the
cell surface being functional while those on the virus interfere with attach
ment unless screened off by metallic cations 1t would be expected that 1n
an excess of metallic cations 1on binding to cellular carboxyls will become
suffictently extensive to depress attachment Such behavior 1s actually ob
served expenmentally (Fig 2) The req for a greater
tion of Nat to accomplish the same effect as a given amount of Mg++ 13
doubtless due to the greater electrostatic attraction of the divalent jons (It
seems Iikely that dnvalent cations function primanly through binding to the
negative carboxyl groups and only secondanly through double layer forma
tion whereas with monovalent cations the situation 1s reversed )}

These constderations have provided an explanation for the interesting
phenomenon that whereas T1 bactenophage can utiize either monovalent
or divalent cattons for attachment to its host T2 appears to have a specific
requirernent for the monovalent 1on 15 More recent experiments have shown
that T2 can utilize Ca++ for host attachment but requires 01 M a dis-

high amount d to Tt However this much Ca++
binds so strongly to B as to cause strong cell agglutmation which tends to
mask the uptake of the virus

The bacteniophages display various types of 1on specificities ranging
from the smple dependence on the charge of the salt cations present ex
hibited by the attachment of T1 to 1ts host cell (Fig 2) to a co-factor hike
action of specific cations which cannot be exercised even by closely related
1onie species with the same total charge Examples of the latter behavior
mclude the need for Ca++ but not Mg+ for host attachment of certamn
tryptophane requiting mutants of T4 © the specific action of Ca++ 1 pro-
moting penetration of T5 2 and the special action of Zn++ m blocking




20 DYNAMICS OF VIRUS AND RICKETTSIAL INFECTIONS

be Tuded then that molecular groups resp for virus cell attach
ment form a singular region on the virus surface and are presumably con
fined to the tip of the tail
Nature of Primary Virus Cell Attachment The 1mittal union of virus and
host might concetvably occur through covalent bond formation as m estab-
lishment of S—S links between the two bodies or through clectrostatic
1 tonic multipolar H bonding and Van der Waal forces
Ewvidence for the electrostatic nature of the bond and for participatton of
the stronger 1onic forces has been presented 1 previous papers 1317 One
of the salient features of the h 18 1ts for e
cattons Hence the possibility had to be considered that a divalent cation
mught form a bndge hnking a negative charge on the surface of each body
Such a divalent cation might be suppled directly from the medium or
rught be firmly bonded by one valence to one of the bodies with a remam
ing positive valence free to grasp the other Such a prcture has been proved
untenable by experiments with ethylenediammne tetraacetate m which it was
shown that concentrations of this chelating agent as high as 0 07 M, had
no effect whateser on the attachment of T2 to sts host cell® This amount
of the chel agent 1s suffi to seqs divalent tons completely
either from the medium or when attached by only one valence to any hak
age of the kind postulated
Study of the effect of various reagents on the attachment of T2 to B has
yielded results which pomt strongly to mvasive attachment requiring bond
formation between postively charged amino (or substituted ammno) groups
on the virus and negative carboxyl groups on the cell surface ¢ 17 This evt
dence may be summanzed as follows (a) The attachment reaction 15 10
hibited at pH s where either the carboxyl or ammno group fails to 1omize
(b) Treatment of cells with reagents specifically blocking the carboxyl
group destroys thesr abiiity to bind T2 while treatment with a vanety of
reagents which affect other groups like amino sulfhydryl etc has no effect
on their affimty for T2 (¢) Treatment of T2 phage with ammo blocking
reagents like acetic anhydnde or a negatively charged molecule like a poly
phosphate prevents its specific attachment to B while carboxyl or sulf
hydryl blocking reagents have relatively hitle effect on this function
These data pernut an understanding of the function of inorgamc cations
requirements for which have been established 1n every virus host attach
ment system which has been carefully studied 31 18 For example T2 phage
requires 10 20 times as high a concentration of NaCl as does T1 in order
to attach to their common host In low tonic strength at neutral pH both
virus and cell have sa strong a negative surface charge as to prevent engage
ment by the complementary bondimng groups The presence of cations by
ding to and double layer formation around the negative groups of the
mino groups to approach and unte with the negative sites
rface This picture would demand that the importance of

bon:
virus permuts 1ts a
on the opposing su
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1f the system contains a number of differ
1on m question and if performance of the
s that only some of these chemical groups
s must be free then 1t 15 easily visualized
function mught be able to produce the par
n ameng all the different charged groups
performance of the fanction Thus 1 the
by binding or double layer formation or
negative charge on the virus pesmithng its
ones on the cell (b) neutralize stll more
le permuiting cell attachment promote a
form which cannot form a plaque (Ti-
gative groups on the cell and thus block
of certain viruses and (d) neutralize even
point where the cells agglutinate and settle
10ms can catry out so many different func
¢ between all the vanous possible degrees
gative sues may be requured for successful
attiated even the simple sons may exhibit

i even n the proper concentratton of salt
1on Thus the rate copstant for attachment
®atical to that obtained with B at all tem
+ yet penetration of the former mutant
een sensitized by a previous exposure to
penetrate even 1 optunal salt concentra
1l the host cell or rteproduce therem T2
+ or with a synthetic palyanuno electro
B/2 mutant but the successton of subse
1rus spltting and multiphicationt does not
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be luded then that molecular groups resp le for virus cell attach
ment form a singular region on the virus surface and are presumably con
fined to the tip of the tail
Nature of Primary Virus Cell Attachment The 1mtial union of virus and
host might concervably occur through covalent bond formation as 1n estab
Iishment of S—$ Iinks between the two bodies or through electrostatic
interactton mvolving tonic multtpolar H bonding and Van der Waal forces
Evidence for the electrostatic nature of the bond and for participatron of
the stronger yonic forces has been presented m previous papers ' ' One
of the salient featurcs of the ) 15 1ts for 2:
cations Hence the possibility had to be considered that a divalent cation
mught form a bridge linking a negative charge on the surface of each body
Such a divalent cation mght be suppled directly from the medium or
mught be firmly bonded by one valence to one of the bodies with a remain
1ng positive valence free (o grasp the other Such a picture has been proved
untenable by experiments with ethylenediamine tetraacetate 1 which it was
shown that concentrations of this chelating agent as high as 007 M, had
no effect whatever on the attachment of T2 to its host cell® This amount
of the chel agent 18 to seq divalent 10ns completely
either from the medium or when attached by only one valence to any hink
age of the kund postulated
Study of the effect of various reagents on the attachment of T2 to B has
yielded results which pont strongly to 1avasive attachment requiring bond
formation between positively charged amino (or substituted amimo) groups
on the virus and negative carboxyl groups on the cell surface ® 17 This ew1
dence may be summarized as follows (a) The attachment reaction 1s 1n
hibited at pH s where either the carboxyl or amuno group fails to 10mze
{b) Treatment of cells with reagents specifically bloching the carboxyl
group destroys their ability to bind T2 while treatment with a varety of
reagents which affect other groups like ammo sulfhydry! etc has no effect
on therr affiuty for T2 (c) Treatment of T2 phage with amuo blocking
reagents like acetic anhy dride or a negatively charged molecule like a poly
phosphate prevents its specific attachment to B while carboxyl or sulf
hydryl blocking reagents have relatively little effect on this function
These data permut an understanding of the function of norgante cations
requirements for which have been established 1n every virus host attach
ment system which has been carefully studied ¥ ¢ 1% For example T2 phage
regmres 10 20 times as Tigh a concentration of NaCl as does T1 1n order
10 attach to their common host In low 1omic strength at neutral pH both
virus and cell have so strong a negative surface charge as to prevent engage
ment by the complementary bonding groups The presence of cations by
bonding to and double layer formation around the negative groups of the
virus permuts its amino groups to approach and utute with the negative sites
on the opposing surface This picture would demand that the importance of
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1cal system ghly discriminating If the system contamns 2 number of differ
ent kinds of sites attracting the 10n 1n question and if performance of the
given biologieal funciion Tequires that only some of these chemical groups
bind a cation but that other sites must be free then 1t 1s easily visualized
how only one 1on s distrsbution function mught be able to produce the par
ticular electrostatic configuration among aff the different charged groups
mvolved which 1s required for performance of the function Thus n the
wirus cell system cations either by binding or doubte layer formation or
both can {a) neutralize excess negative charge on the virus permitting 1ts
groups to engage complementary ones on the cell (b) neutrahze still more
virus megative groups and while permutting cell attachment promote a
rearrangement of the virus to a form which cannot form a plaque (T1-
sensitization) {c) neutralize negative groups on the cell and thus block
some sites needed for attachment of certain viruses and (d) neutralize even
more negative cell groups to the pamt where the cells agglutinate and settle
out of the suspension Where cations ¢an carry out so many different func
tions and where a careful balance between all the vanious possible degrees
of neutralizatton of the various negative sites may be required for successful
nvasion of the host cell to be imtrated even the simple 10ns may exhibit
high degrees of specificity
Attachment of a virus to a cell even 1n the proper concentration of salt
15 not sufficient to msure penetranon Thus the rate constant for attachment
of T1 to the mutant cell B/1 1s 1dentical to that obtamned with B at all tem
and salt yet of the former mutant
never oceurs 31° T1 which has been sensttized by 2 previous exposure to
PH 4 can attach to B but will not penetrate even 1n optimal salt concentra
tion as indicated by 1ts failure to kil the host cell or reproduce therein T2
when treated with an excess of H+ or with a syathetic polyammo electro
Iyte will attach both to B or the B/2 mutant but the succession of subse
quent steps including cell kiling varus sphitting and multipheation does not
occur ® Tt may be ded that p requires Ji ma
specific manner between varus and host
— It has been demonstrated that the basis of the specifiaty whereby mutant
cells are differentially resistant to one or more wiruses of the group for
which the wild type 1s the umversal host can he n blocking of either the
pnmary attachment or the penetration reaction ® Both types of mutants
have been 1solated Evidence has been presented showing that the resistant
mutants differ from the wild type m the number and distubution of car
boxyl gmups on therr surface ®18 In some cases a parallel difference 1n
1 poly amimo P has been d
a fact whlch suggests that the development of vanous drug resistant mu
tants may depend at least 1n part on genetically governed changes 1n con

figuration of surface groups which control binding or penetration of specific
molecules from the medium ?
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only the first step of T1 penctration whuch cannot be dupheated by Cat+
Mgt+ or Nyt + ®

The physicochemtcal basss of the hugh degree of specificity often ex
tubited by smple morgame 10ns 1n biological systerms 13 difficult to under
stand ¥t 35 wsually expluned 1 terms of & much higher bnding ensrgy
between a speatfic 101 and a crttieal site mn the biologrcal system While such
umque differences 1 binding energy may often anse particularly m 1ons
which display lazge amounts of coord as well as ek bmdmg
it 15 more difficult to visuahre this as a sufficent mechamsm w systerns
where mernbers of the atkals of alkabne eanth metals exhibst the speafioty
For if binding energy or double layer formation at a single cntical sue
alone were mvolved it should be possible to find some concentration at
wiuch any of 3 large vanty of catons would produce a stmilar ¢lectro-
static potential patern abaut the key site The facts which have accumy
lated wrth the b phage system suggest & mechanism
which may have general biol 1 n 1 kow small
differences m binding energies may be amphfied so as 1o make the biofog
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or may simply reflect mherent mstabiity of the virss with respect to dis
socianon T2 vicus was teeated with a large \anety of reagents wncluding
acd {pH 1) alkah (pH 11) HNO CH O and others at toom temper
atures and 37 C Despile the complete loss w virus activity which such
tsatment usually effecied  tests with ifferentally Jabelled radmactive
phage showed no sphtung of the proten and DVA components In view of
this behawior the ability of 2 negatively charged ton-cxchanger fo sphit
phage quantitatisely at O withun a matter of seconds would appear to beas
a meaningful resemblance to the simslar action occurrng at the cell surface

Hetnott™ has shown that the kihng function of the virus wesides 1y the
protemn fraction alone He has also demonsteated that wreversible attach
ment may be separated from the cell kallng step™ a conclunon also
reached by Watson from study of the behavior of X wradisted phage * A
swgle varus partscle can Yall a ceff apparently no matter where on the celf
surface it happens first to empage Swice the cross sectionat area of the vurus
attachment site 15 approumately 1 50 800th or less of e celf surface atas
difficult 1o wnderstand how any kind of a change huted to so small an area
placed almast at random on the cell surface could produce so prafound an
effect It would seem bkely therefore that as a result of the attachment of
& sufficiently large number of wisus aming groups to negatue ool ntes a
seaction 5 tnggered wiich spreads over a distance much larger than that
sepresenied by the cross secional area of the virus That the entire celt
membrane 15 fundamentally changed as a result of virus attachment 1s 1e
vealed by the expenments of Graham 3 who showed that shortly after the
suceessful infection of a cell by a virus the entite cell membrare becomes
reqstant o the mjection of the DNA from a second wirus Kt scems plausible
ta refate the ability of su~h 2 disturbance to spsead over the cell surface to
the stramed ! of the

Lysis

It three or more T2 particles attach to o host cell n 0 02 M Nall only
revessible attachment ensues In 0 10 M NaCl the phages splt and the celt
sskifled The sequence of these events seems to be the same at 0 C or at
37 * The path of subsequent reachons however depends on the tempor
ature and the presence of nutnents 1n the medium At © C kttle further
change securs At 37° C m the presence of adequate nutnents the pene
tration process is completed and new virus synthesis beguns eventually lead
ing to disintegration of the celf and discharge of the newly synthesized virus
1nt the absence of nutnents (or even w their presence bat with 40 fold more
viruses attached 10 the celi} cellylar lysts occurs without the symthesss of
new phage (lysis from without) 8 7 &

This abortive lync may have no rel. ip to phage
growth as Watson concluded 4 12 rught be destrustive trggenng of the
Iytic mechamsm which normally 1s catied mto aperation only after the new
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Tust Steps of Penetration Virus Sphtting and Cell Killing

Hershey and Chase ? first demonstrated that the DNA and protein por
tions of T2 virus become separated shortly after infection the former ap
parently penetrating the cell to take part in new synthetic reactions while
the Iatter remans on the surface from which 1t can be removed without
harm to the subsequent synthesis of new virus Our expenments have shown
that 1f T2 virus attacks susceptible cells m 0 02 M NaCl the attachment 1s
slow and completely reversible both for the cell and the virus 18 If the salt
concentration 1s then raised to 0 10 M the wirus loses 1ts abihity to detach
1 viable form and the cell 1s klled mn the sense that 1t has permanentiy lfost
1ts capacity to reproduce Both of these changes occur within a matter of
seconds 8 A possible explanation for these salt effects 1s as follows In 002
M NaCl a larger number of virus amino groups bind to the cell and ure
versible sequellac ensue tnggered on the cell by local neutrabzation of its
high negative surface charge and on the virus by being brought mto the
strongly negative field at the cell surface

Study with radioactive labels of the sphitting of the protern and DNA
parts of the virus which takes place on the cell surface has yielded the fol
Jowing facts ® (a) sphtting 1s mitrated within a matter of seconds after at
tachment and requires no organic molecules mn the medium (b) virus
splitting can occur at 0 C and proceeds readily on cells previously heated
to temperatures varying from 60-85 C to nactivate cell enzymes In the
latter case however most of the DNA 1s not injected 1nto the cell but 1s
Tiberated into the medium (c) with normal cells at 0 C and with a NaCl
concentration of 0 075 M instead of 01 M complete sphtting of the virus
occurs at the cell surface but only a fraction of the virus DNA 1s mjected
the rest being released mto the external medium Those cells 1n which the
DNA failed to be mjected remained viable (d) T2 virus can be split quan
titatively at the surface of a h 1on-exchanger a high den
sity of negatively charged groups This sphitting resembles that occurning
at the cell surface (which also may be regarded as a negatively charged 1on

) 1n 1ts rate of salt and equal effective
ness at low and lugh temperatures 7

‘We interpret these findings as follows Splitting of the virus mto protemn
and DNA particles does not require functional cell enzymes but only attach
ment of a critical proportion of virus amino groups to a surface with an
appropriate distribution of negative charges hence the separation of these

two virus components appears to be triggered solely by the imtial electro
static strmutus of the bond formation Kalling of the cell by the virus occurs
as a result of a step which 1s prerequisite for 1njection of the DNA iside

the cell
Control cxpemnems’ have been carned out to test whether the electro

statrcally tnggered splitung of T2 mto protein and DNA 15 mndeed speaific
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electrolytes or T2 wirus can be inhubited by a divalent cation ke Mg++
when present m a concenteation of 0 005 M or more

That this Iytic action requires 2 fauly ligh density of amino groups on
the polvelectrolyte was demonstrated by testing the action of molecules
sesembling the dicthylaminoethy! scrylate polymer but sn which varying
proporttions of the posttnely charged ethanolamine tesidues had been re
placed by free carboxyl groups These compounds were obtamed by co-
polymennng diethylammo ethyl acrylate with free methacrylic acd
varying proportions Molccules 1n which the mole percent of the amino
groups had dropped to 50 or luss were completely without effect on
E col B cven m concenteations a thousandfold greater than that at which
the 100 mole per cent amno compound produces rapid Iysis

These expeniments establish that of a synthetic g
contaiming a farge number of amino groups can tngger a Iyhc process m
the cell which resembles that induced by T2 virus m requinng the action of
2 heat labtle cellular component and 1n the kietics of the reaction The
Ingh negative charge density at the celi surface with ts consequent high
energy state may be the reason why such reactions can be witiated by an
electrostatic stmutus 1f this were the case one might expect that neutral
1zaton of some of the cell s negative groups by reagents which estenfy car
hoxyl groups might also ymtiate the Jync reacion Such action is indeed
obsersed Treatment of E col B cells with propylene oxide or methanol
plus HC1 under proper conditions results m extensive cell fysis the kinetics
of which resemble that produced by T2 virus or posiuve synthehc poly
electrolvies

Animal Viroses

Al of the arumal viruses which have been studied electrophoretically are
negatively charged The kimetics of their cell attachment Jeaves hittle doubt
a3 to the electrostatic nature of the reaction ** Recent studies®® have also
revealed analogies between the ireversible reaction of influenza virus wath.
the surface of the red ceil and the phenomenon of lysis from without 1n
bacteriophage  both reactions oceur 1n 3 medium contaung only NaCl
both are inbited by low temperatures but not by ultra wviolet mactivahon
of the virus both require a mulbphicity of several viruses per cell both
zesult 1 loss of elements of the cell surface over an ana far exceeding that
of the attached wirus particles Expetiments with mfluenza virus have
proved that virus attachment at the surface of the red cell imtiates a spread
g disturbance as has been shown to occur i £ colt The two systems
appesr to differ in the following respects {a) Influenza virus 1tself appears
1o contain some enzvmaue activity not yet demonstrated in bacteniophage
{b) The destruction of red cell receptors by influenza virus releases the
virus 1n active form 1 the medium whereas in T2 since the virus was splhit
before Iysis ats activity 15 reversibly st and (¢) The manimum number
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phage synthesis 15 complete or 1t might be the reflection of a fumited fyuc
mechamsm which 1s part of the normal penctration process but which m
the absence of necessary nutrients 13 not cheched at the proper time and so
destroys the cell 8 Such a mechamsm might be imagined necessarv to permit
the huge DNA partcle of the virus to be mjected nto the cell As Hernoft
first reported 2 Iysis can be effected by the protemn coats alone This fact
mmplies that this Ivtic phenomenon 15 not an abortive triggenng of the one
normally occurnng at the end of virus synthesis because that reaction stll
takes place even 1f the protemn coat matenal of the mittal infecting virus has
been removed from the cell surface after penetration of the DNA Expen

ments performed 1n an effort to understand the role of this Ivtic reaction 1
the virus life cvcle have established the following facts (a) Lysis from

without does not occur 1n salt concentrations which permit only reversible
virus attachment nor at 0° C i any salt concentrations {b) The virus
protein and DNA are split apart when this lysis occurs as in ordinary 1n

vasion (c) Enzyme poisons like phenol and Hg++ prevent this reaction

In an expeniment to test whether such enzymatic actinity 18 associated wath
the virus or the cells samples of T2 phage and B cells were separately
heated to 60° C for 30 munutes Then the tubes were placed 1n 2 37° C bath

Normal cells were added to the heated virus and normal virus to the heated
cells so that each tube contamed the same final concentration of each com

ponent In both tubes rapid viras attachment occurred But whereas the
tube with the heated virus Iysed rapidly that with the heated cells showed
no cleanng of the suspension It may be conciuded that this Iytic reaction
tequires a heat labile cellular constituent #

Since lysis can be produced by the protewn coat alone which attaches to
the cell wall through its ammo groups 1t was of mterest to determme
whether other lecules could also ehicit this re
action Such effects have been found with several types of molecules The
behavior of the posttively charged polvelectrolyte formed bv condensation
of diethvlaminoethvl acrviate * and contaming the repeating umt

, g HELH
HC—C—0—C—C—R—(C Ha),
HCH +

n

may be summarized as follows ™ (a) Like T2 wirus 1t wall kil and Jyse
E cob celis about 5 10 times more matenal being required for the latter
as the former Lysts oceurs 1 concentrations of polyelectrolyte of 10 y/ce
(b) Lysts by the posine polyelectrolyte 1s rapid at 37° C but immeasure
ably slow 2t 0 C As with T2 lvsis cannot occur under any counditions of
the cells have been previously heated to 70° C (c) Lysis esther by poly
by Dr W W Davis Physico-Chemical Divisna Elt Lilly Re

d
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of sites on the red cell on which influenza virus particles can be accom
modated amounts to only 2% of the total surface in contrast to the situation
with bacteriophage where the wirus appears able to occupy the entire sur
face 1 close packed array

Discussion

The expeniments which have been d lend th Ives to synthests
1n the following picture  Attachment of the positively charged amino groups
of the virus to carboxyl groups of the highly negatively charged cell surface
electrostatically triggers a reaction 1n each body The virus sphits mnto 1ts
protem and DNA components A mugrating disturbance on the cell 15 al
most sumultaneously imtiated which profoundly changes the entire outer
wall and produced local lysts of the cell membrane which permuts mnjection
of the virus DNA

The following nspects of the penetration action still remain to be solved

a How does the DNA make 1ts way from the nterior of the virus to the

cell surface?

b What 15 the mechamsm of the virus splitting under the electrostatic

stumttlus of 1ts attachment to a negatively charged surface?

¢ Does the DNA actually penetrate the cell through a hole lysed 1n the

wall as a result of an enzymatic reaction triggered by the virus attach
ment? The experniments cited dealing with the kinetics of the Jytic
action which 1s mittated by neutrahzation of cellular negative charges
are only suggestive In this connection however Viscontis demon
stratton® that shortly after penetration a mechanism mhibitory to
lysis from without develops in the mfected cell 1s interestmg Such 2
system could explain why the Iytic reactron 1s self hmiting m smgle
wnfection (or n low multiple mn the of adequat
nutrients) but goes on to produce complete Iysis otherwise

d What 1s the target site (or sites) inside the cell for the virus DNA?

The biggest single step forward n the study of the penetration process
was the demonstration by Hershey and Chase that the bulk of the viral pro
temn remains at the cell wall while the material penetrating seems to be only
or matnly DNA The unanswered problems with respect to the penetration
process are fundamental Yet 1t would seem that tools exist for obtaimng
at least some mezmngful answers

References

1 Tolmach L.J (unpublished)

2 Cleveland 7 M L J Tolmach and T T Puck Abstracts of Papers
123rd Meeting ACS Los Angeles California Mar 1953 13C Tol
mach LJ T T Puck and T M Cleveland (in preparation)

3 Delbruck M etal Viruses 1950 Calf Inst of Technology 121

4 Taylr A R J Buol Chem 165271 (1946) Hernott R M and L J
Barlow J Gen Phvsiol 3617 (1952)



MECHANISMS OF INFECTION 29

ERE %

Garen A and T T Puck J Laper Med 94177 (1951)

Puck T T (unpublshed)

Puck T T and B Sagik J Exper Med 97 807 (1953)

Puck T T Cold Spring Harbor Symposia Quant Biol \VIIIin press
(1953)

Tolmach L J and T T Puck (i preparation)

Puck T T J Bact 57647 (1949)

Ruegamer W R Arch Biochem & Biophys (i press)

Adams M J Immunol 62 579 (1949)

Anderson T FAm Naturahst 8691 (1952)

Lunia S E Cold Spring Harbor Symposia Quant Biol \VIIIm press
(1953)

Puck T T A Garen andJ Cline J Exper Med 93 65 (1951)

Puck T T Science 114 685 (1951)

Tolmach L 7 2od T T Puck J Am Chem Soc 74 5551 (1952)

Buraet F M and M Edney Australian J Lxper Blol & M Se 30 105
(1952)

Garen A (in preparation)

Delbruck M J Bact 561 (1948)

Hershey A D and M Chase J Gen Physiol 36 39 (1952)

Hernott R M J Bact 61752 (1952)

Hernott R M (unpublished)

Watson T D J Bact 60697 (1950)

Graham A F Ann Inst Pasteur 8490 (1953)

Delbruck M J Gen Physiol 23367 (1940)

Anderson T F J Cell & Comp Physiol 251 (1945)

Heagy F C 7 Bact 59 367 (1950)

Puck T T and H H Lee 124th Meeting ACS Chicago 1953 Puck
T T endH H Lee (in preparation)

Sagk B T T Puck and S Levine (in preparation)

Visconts N J Bact 66 247 (1953)



28 DYNAMICS OF VIRUS AND RICKETTSIAL INFECTIONS

of sites on the red cell on which mnfluenza virus particles can be accom
modated amounts to only 2% of the total surface in contrast to the situation
with bacteriophage where the virus appears able to occupy the entre sur
face n close packed array 30

Discusston

The cxpeniments which have been presented lend themselves to synthesis
1n the following picture  Attachment of the positively charged amino groups
of the virus to carboxyl groups of the highly negatively charged cell surface
electrostatically triggers a reaction m each body The virus splits mto 1ts
protein and DNA components A migrating disturbance on the cell ss af
most simultaneously wrhated which profoundly changes the entire outer
wall and produced local Iysss of the cell membrane which permits mjectron
of the virus DNA

The following aspects of the penetratton action still remain to be solved

a How does the DNA make 1ts way from the mtersor of the virus to the
cell surface?
What 1s the mechanism of the virus splitting under the electrostatic
stymulus of its attachment to a negatively charged surface?
Does the DNA actually penetrate the cell through 2 hole lysed m the
wall as a result of an enzymatic reaction tniggered by the virus attach
ment? The expeniments cited dealing with the kinetics of the lytic
action. which 15 mitiated by neutralization of cellular negative charges
are only suggestive In this connection however Viscontis demon
stration®! that shortly after penetration a mechamsm mhibitory to
1ysis from without develops 1n the infected cell 1s interestng Such 2
system could explain why the Iytic reaction 1s self miting 1n single
wfection (or mn low multiple m the p of adequatt
nutrients) but goes on to produce complete lysis otherwise

d What 1s the target site (or sites) inside the cell for the virus DNA?

The biggest single step forward m the study of the penetration process
was the demonstration by Hershey and Chase that the bulk of the viral pro
ten remams at the cell wall while the matenal penetrating seems to be only
or mamly DNA The unanswered problems with respect to the penetratron
process are fundamental Yet 1t would seem that tools exist for obtaming
at least some meamngful answers

o
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lowing infection even when further phage development s blocked by
ultraviolet hght or by lack of cofactors such as calcium and second the
suppression of synthesss of specific polymenzed host constituents such as
enzymes and RNA We postulated a parasuism at the genetic level Phage
genes would replace the incapacitated host genes and preside over the syn
thesis of phage specific polymers from unspeaific matenals manufactured
by preexisting host enzymes

New evidence strengthens the concept of nucluar location and genetic
rolc of the DNA of the infecting phage

1 In the lysogemc condition cach cell carnes latent phage i a “pro-
phage” form which may occasionally give nise to mature phage sponta
neously or by snduction Infection leading to lysogenicaty produces char
actenistic transient morphological changes 1n the bost chromatin compatible
with a process of nuclear p ‘The proph 1s app ly present
1n each lysogenic cefl m single copy Follosang remfection of lysogenic cells
with mutant relatives of the latent phage there can be prophage substitution
In the sexually analyzable K 12 group of F colt the Iysogemaity for phage
fambda segregates as a single factor with a speaific chromosomal focation
This 15 presumably the prophage itself although segregation of a controlling
host gene 15 not excluded by the published data

Maturation of the latent phage when it occurs appears to consist of a
transition from prophage to vegetatuve phage followed by multiphcaton of
the latter and maturation No phage antigens are found in lysogenic bactena
carrying the prophage

2 In Salmonelia certam phages act as genetic carners '3 Phage infection
leading to lysogenicsty (or supennfcction of an already lysogemc and
therefore ymmune bacterium) can rather infrequently transfer single traits
of the stram on which the phage was last grown Here 1n the formation of
phage particle the DNA becomes associated with apparently random por
tions of the host genome of which the phage particle becomes a carmer

3 1In other cases the h itself or regularly
with st controls certa prop of the cell N geNIC straing
ot Corynebacterium are d wto toxin prod

strains by lysogenization with certain phages % the transformation o(:°
curs with a 100 efficiency

By analogy specific metabolic differences between normal and phage
nfected bacterta especially the synthesis of hydroxymethyl-cytosine for
phages of the T2 group'® and the synthests of thymine induced by phage
T2 1n a thymine-deficient mutant of £ cols 17 can best be explaned m my
opmion by a genetic tole of the vegetative phage 10 directing the synthesis
of the necessary enzymes Whether these should be called bacterial enzvmes
o¢ phage enzym 515 anybody s chowce they are essentially enzymes of the
phage ilected cell

In summary the available evidence indicates close relations between
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Genetic Functions and Developmental Proc-
esses of Bacterial Viruses*

$ E luna
D of logy 1 of Hhinaus Uthana filmoss
With most viruses nfe of ge cells 1s followed by an echpse

persod durmg winch ralectious virus cannot be recovered With bocteno-
phage this eclipse has been explamed by Hershey and Chase s discovery?
that the mfecting viras particle separates mto a DNA contauung moety
which presides over new phage prod and a prot

mowety which after functioning sn adsorption appears ta play no fusthes
role The derelopment of new phage mvolves a senes of processes synthe
sts of phage constituents multiphcation of phage m vegetative form matur
ation of vegetative phage mnto 1nfs phage particles Other
speahers 10 this symposmm are deabing wath “the biochesaical aspects of
phage synthesis and with the multiphication of vegetative phage I wish to
discuss briefly thees problems that relate to the orgamzational aspects of

phage prod {1} the cond of the phage and of uts
relative the prophage in relation to cell organization {2) the production
of phage protems and thewr as phage Is (3}

the relation between phage DNA and phage protetn m the maturation
prOCCSS

The Conditon of the Vegetative Phage and of the Prophage 1 the
Host Celt
An mtmate relation between vegetative phage and the genetic apparatus

of the bactersa was first suggested on the basis of two groups of observa
tions on virulent colt phages first the dismption of nuclear chromatin fol

* Auded by a graut from the Amerscan Cancer Society recommended by the Com

ttee an Growth
b 0
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still without phosphorus These particles are present throughout the period
of phage maturation and there 1s good evidunce of therr being actual phage
precursors

In summary phage antigens 1n noninfectious form have been 1solated as
empty phage heads as ultrafiltrable matenals related to phage tail and as
apparently complete skins but alnays without association with phage DNA
Yet there 1s no evidence that phage antigens ever anse except as a conse
quence of the muluplication of vegetatine phage They are not formed in
lysogenic bactena In presence of proflavine when all the phage antigens
are liberated 1n nomnfectious DNA free form phage DNA nevertheless 1s
synthesized 1n normal amounts * proflavine apparently prevents only the
stable association of vanous phage constituents This brings us to our third
and last problem

The Role of Vegetative Phage in Maturation

There 1s no knowledge of the bioch h by which nucleic
aad may control protemn formation The problem 15 two-fold the control
of protem synthess and that of protemn specificity In hine with other Iines of
work on protein biosynthests phage data provide no evidence that the two
problems can be separated

The 1solation of DNA free antigenic phage precursors can be interpreted
10 two ways either the isolated matenals are artifacts derived by disinte
gration of DNA~contaiung particles (in which case the ulumate step i
maturation must be a sealing up of the particles) or the antigens of the
phage skin are synthesized out of geometric context with the phage DNA

Even if the first hypothesis 1s correct there remains a serious question
are the antigens of a given phage particle produced under the exclusive
control of the DNA—contatung core of that particle? This problem has been
studied by mixed nfection expenments

Unpublished work by Strersinger on phages T2 and T4 1 our laboratory
has shown that the heredity of the two recognized phage antigens 1s differ
ent In substrams derived from the progeny of crosses T2 X T4 the head
antigens recognized by complement fixatton with anti doughnut sera give
2 blending ‘heredity prodi by repeated crossings
are intermediate 1n specificity between the two phage prototypes The tail
antigens recogruzed by serum neutralization exhibit mstead a single factor
heredity The pattern of serum neutralization of each substram 1s exther that
of one parent phage or that of the other The serum neutralization pattern
Is mseparable from the host range pattern A substram serologically hke
T2 has the T2 host range and hkewise for T4 Thus affimty for neutral
1zing antibody and adsorbability by specific hosts (both presumably tarl
Pproperties) have common or ¢losely hnked single gene heredity

Phenotypically the sttuation as concerns  tatl properties 15 very differ
ent It was known that some of the particles emerging from a cross of T2 X
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phage i s reprodi forms (veg and prophage} and the heredt
tary apparatus of the host
The Prod of Phage Speafic Protein M. 1

We come now to our second problem Phage protems are found 1
phage mfected celis both i the new mature phage particles and as 1mma
wre forms With phages hike T2 where mfection stops production of many
and possibly all nonphage materials 439 total protewn syathesis has beenr
vaniously reported to proceed?® or to stop'® foliowing infection Antigen
morphological and 1sotopic studies of the production of phages T2 T4 and
'T5 have shown the followng facts

1 Dunng the first half of the latent period the antigens of the mnfecung
particles can be detected i unch d by pk fixation
tests on disrupted cells © These antigens are on the host surface and can be
removed by the bfendor techmgue of Hershey and Chase ! In the second
part of the fatent peniod there 1s a formation of new nonremovable ants
gens which precedes bv a few minutes the production of mature phage
particles An excess of antigen over the amount accounted for by mfections
particles ts present throughout the nise period and 1s hiberat.d upon lysis

2 Some of the excess antigens are present i morphologically character
sstsc particles found 1 prematurely disrupted bactena 2 These particles ot

doughnuts  rescrnbling emptv phage heads wathout tals have been pun

fied from Ivsates of bactena n which phage development 1s arrested by the
action of proflavine  The T2 doughnut 15 not adsorbed by bacterra 1t
contams over 60% as much sulfur (protem) and less than 15% as much
phosphorns (DNA) as mature phage It contasns antigens that fix comple
ment with antiphage serum but do not remove phage neutrahzing antbody
Serum agawnst punfied doughnut particles agglutinates phage particles head
wise ? Thus we identify a group of phage antigens as lacated m the phage
head not involved m of phage by and
appeanng as orgamzed particles a few minutes before the mfectious phage
No evidence of the presence of these antigens in nonorgamized soluble
form has been obtamed

3 Another phage antigen that combmes specifically with phage neutral
1zing antibody has been found 1n nomnfecuous form ? ¢ It 1s present
separate from doughnut particles 1 ultrafil of or normal
Iysates of wfected bacteria The ultrafiltrable matenal 1s not larger than
25-30 mp @ majorty of this antigen howeser s not ultrafiltrable through
phage retamng fisters The ultrafiltrable fraction begins to be produced a
few mnutes before the phage the prods of the
trable fracuon has not yet been 1avestigated Evidence for a locition of this
antigen n the tail of the mature phage has been obtamed *

4 In addiion fo separate head antigen and tasl antigens 1mmature
phage pacticles have been recogmzed  contamumg both head and taid but
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T4 extubst phenotypic muxing they have the T2 host range genotype but
the T4 phenotype * In crosses T2 X T2h the progeny includes particles
with T2 penotype and T2h phenotype and vice versa 7

In crosses between partially 1sogenic substrams with T2 and T4 tatl
genotypes Stressinger finds that the progeny partticles possess o vanety of
phenotypes Some particks have host range and sensivity 1o neutralaing
anttbodies like T2 others hke T4 others hke both All cotegones include
particles with the genotype of T2 and particles with the genotype of T4
The semarkable fact 1s that the  tail phenotype of a progeny parucle ts not
correlated with sts genotype (beyond the cxtent accounted for by unequal
numbers of parent particles 1n some bactena) In addition the gesults sug
gest that the phenotypic muxiag s not due fo exchanges of parts amoog
particles

The mdependence of phienotype and genotype and the extstence of par
tcles with the double phenotypes of the two parents faken together with
the absence of double or miermediate genotypes and with the presence of
ultrafiltrable tai antigens suggest very strongly the presence of a pool of
tai} matersals The speaificity of these matenals would be determed by
vegetative phage elements of exther genotype and thewt incorporation 1o
the maturing phage particies would take place more or less at random

In summary the i favors a ¢ e process m
phage maturation with a synthesss of specific matenals preceding a less
specific assembly of the phage particle

One Visus, no Virus, or Many Viruses

Are some or ail of the above features of phage production umque atirt
butes of bacteriophages? Or are they shared by other viruses? Authontative
opuons are chvided Rather than pomting aut a Jong senses of analogies
1t may be more useful to express A pragmauc utiltanian philosophy

No lead provided m the fast 15 years by the study of any one group of
viruses (be it growth cycle echpse of mnf devell 1 seq

1 or fe ) has prosed frutless whea fol
lowed with other viruses Extrapolation when used m expeniment rather
than mn sheer speculatton has been valuable both heuristically and 1ter
pretauvely The very rmpaortance that would attach to a recopmtion m other
viruses of any of the newly recogmized properties of phage (relatson with
host genctic matenals tonirod over host properties latency and spontane
ous ot mduced maturation) s m stself a vahd justification for thorough

exploration
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In the following T will describe first the conditions under which large
yields of mcomplete influenza virus are produced next the properties of
this agent as compared with those of the fully active virus and finally some
studies concerned with the mechanisms myolved 1n the phenomenon

As has been mentioned the methods by which large yields of mawmly

incomplete  virus can be obtawned all involve the use of heavy inocula
Following mnoculation of undiluted Standard wirus into Bernkopfs de
embryonated eggs Or mto tissue culture * a considerable mncrease 1n hemag
glutmin takes place without a concomitant producuon of infective virus In
mice Gunsberg!® found that non 15 p
the Jungs following moculation of large doses of Standard wms provnd:d
that the strain employed caused lesions n the mouse lung As shown by

2 non infs develops also 1n mouse bramns

upon mtracerebral 1njection of non neutrotropic strans of mfluenza virus
In ordinary embryonated eggs moculated with undiluted  Standard™ virus
some incomplete virus 1s produced but there 1s also an increase in mfec
tive virus and the phenomenpon thus appears less pronounced than for
example 1n de-embryonated eggs However on continued transfer of undy

Iuted seed the between and h ac

twity ncreases and after a few transfers the yield contamns only small
amounts of infective virus although the content of hemagglutinin 1s high *
With the PR8 stram such yields are obtained after 3—4 passages whereas
with the Lee strain 5-6 successive transfers of undihuted seed are re

qured

Studies of the properties of the incomplete virus have been carried out
mostly with matenal obtamed from eggs embryonated or de-embryo-
nated® 2 The results of these studies have shown that the non infectious
hemagglutint as regards surface charactenistics closely resembles the fully
active virus Both forms are adsorbed onto and eluted from red cells mn the
same way They both have the same relative affimty for chicken and guinea
prg cells and also the same stability to heat and to chem:cal 1nfluences The

two forms can turth not be dly they have the
same anhbody fixing capacthies and the incomplete virus possess 1mmu
nzng as well as those

to

of the fully active wvirus In the electron microscope finally both forms
appear to have the same shape and size

However the mcomplete virus differs from the fully active particles 1n
at Jeast three different ways (1) It 1s apparently non infective (2) It 1s
less touc 2 and (3) It 1s sedimented at a slower rate than 1s the fully active
virus

Concerming the last point 1t has been shown that m PR8 Standard
Ppreparations the main virus component has a sedimentation constant of
about 750 S whereas m mainly of p!
wirus the non I is with ‘hat hetero
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“Incomplete” Forms of Influenza Virus

Preben von Magnus
State Serum Institute Copenhugen Denmark

‘When influenza viruses are grown m the laboratory accordimg to the con
ventional methods 1¢ when dilute inocula are employed as seed the rela
tion between mnfectivity and hemagglutinating activity 1s remarkably con
stant When the hemagglutimun titer 1s measured by Salk s method * one
hemagglutinating umt 15 found to equal about 10% egg nfective doses®

An mfectivity hemagglutiun ratio (I/A ratio) higher than 108 s never

In 1t seems ble to de that the bulk
of influenza virus particles present m a suspension with this I/A ratio 15
fully active 1¢ endowed with both h and 1nf activity
This assumption 1s compatible also with direct countings of the number of
particles constituting one mfective dose and one hemagglutin umt 1e
spectively ¢

For convenience passages carned out with dilute seeds willin the follow
ing be referred to as  Standard passages and the vield obtaned n such
transfers will be termed Standard virus It will be assumed that mn all

where the b 1 ratto 1s of an order of about
10% the main part of the mfluenza virus particles present are fully active 1€
infective and hemagglutinating

Under certain expenmental conditions—which all mvolve the use of
large seeds—virus particles are p which are h 4l but
apparently non infective Preparations may be obtained which have an /A
ratio of only 1 100 or less indicating that out of 10 000 hemagglutinating
particles only one 15 also nfectne The non infectious influenza hemag
glutmm has been termed tncomplete Virus as opposed to the fully active

complete nfective virus

Similar ncomplete forms have been described also 1 a number of
other viruses but by far the most comprehensive studies have been carned

out with mfluenza virus

36
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Standard virus was incubated 1 vitro at 37 C Atntervals samples of
the flwd were temoved and passed undiluted to eggs The virus growth
curves induced by the partially mactivated  Standard  preparations clearly
showed that heat mactinated virus plays at most only a munor role m the
production of mcomplete sirus This conlusion was supported also by
another expenment which clearly established that the factor responsible for
the formation of incomplete wirus develops early and parallel with the
nerease 1n hemagglotimn This expenment was carried out as follows A
batch of eggs was tnoculat d with undiduted TR8 Standard wirus and
groups uf eges were harvested at 1% 3 and 6 hours after inoculation e

ly Both b P and altantoic fluids from these eggs
\\cre us:d undiluted as seed for subcuftures The 1% hours harvest of
membrane and allantorc fluid—both of which contained only small amounts
of vmxs-g:lvc nse toa prodncuon of [ully actve virus With the 3 hour
P d larger amounts of newly formed
“non mfe o the growth cune that usually
obtained 1n the second undiluted passage of PR8 virus 1¢ there was only
a hmited mcrease 1 nfectvity whereas the hemagglutimin titer reached
high lesels The 3 hour allantoie fliid seed-—~n which the hemagglutimn
titer was stifl unchanged—-gave nse to 2 Stundard  passage growth curve
After 6 hours however the hemagglutiun titer of the allantoic flud seed
had mcreased and on subculture this secd induced formation of farge quan
uties of incomplete wirus Samples of 1st passage flusd harvested 18 1o 30
hours later on subcultuse gave rise to growth curves fairly 1dentical to those
obtained with the 6 hovrs szmp!c

This the ) that the formation of mcom
plete  vitus cannot be accounted for by heat inactivated seed virus and 1t
mndicated further that the atypical virus reproduction 15 due 1o the presence
 the seed of certain amounts of non infechous hcmaglmmm

e thty has been d that the non

might be a self reproducing virus vanant which on continued transfer

overgrows the normal virus However if this anterpretation was true 1t
should be possible by contnued passage eventually to abtamn pure prepa
ratoons of this virus vanant This has not been possible After 6 to 7 undy
tuted transfers of the Lee strain the alfantoic fimds will contain predom
mantly incomplete virus and on subculture these flods do not nduce any
sigmficant increase n virus nfective of  incomplete:

These findings d that the of p virus s de
pendent upon the presence 1n the sced of certan smonnss of nfectve virus
and 1t seemed probable that the varying proportion of fully active to
complete  virus i the seeds might acvount for the gradual development of

meomp} te virus as observed upon seral transfer of undiuted virus

In an attempt to test this assumption a qualitative analyss of the yields
produced by more than 200 undiluted Lee seeds were analvzed i the
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geneous matestal with a mean sedimentation constant of 500 S or Jess In
such prcpzmscns 10 traces of the 750 § component was observed whereas

VITus prey smaller of the slower sediment
mg component were Hy observed 1nds that Standard virus
may contain ceriatn amounts of mcomplcte wirus 7% Since electron micro-
graphs did not reveal any 1 h

between F and
complete  virus 1t may be conchuded that the difference in sedimentation
15 due to 3 difl 1 density rather than to a difference m
shape or size
In an approach to a better understanding of the orign and the nature of
the ncomplete virus # seemed d te 1o study the mect wmolved
1z the atyprcal virus reproduction
As regards the formation of ncemplete wvirus n de embryonated eges
and tissue culture the phenomenon appears 1o be dependent only upon the
concentration of the seed Larpe yields of non wfectious hemagglutinn are
produced already 1n the first passage that 1s followang moculation of latge
dases of dard wirns k fers 1t likely that the atypical
virus production may be due to an overloadimg  of the cells by virus It
seems fairly easy to visnahze that an overloading or saturation with virus
may cause severe disturbances n the metabolism of the cells with the result
that they are unable to support the complete ntracellular growth of virus
‘That cell damage may actually play a role m the formation of mcomplete
VILUS 15 mdmared by the before menuoncd observation by Ginsberg!® that
non if 1s produced 1 mouse lungs only by strams
which cause extensive lung lesions
In ordinary embsyonated eggs however the gradual development of
incomplete virus as observed upon seral transfer of undiuted seed
shows that i this host the mechamsm involved ss more compheated
that the total content of virus 1 the seeds employed for the first 4 to §
transfers of undiluted Lee virus is virtually identwcal for each passage There
15 on the other hand no doubt that 1n embryonated eggs toa the concen
tration of the seed 1s of major importance for the phenomenon Any seed
which mduce formation of complete  virus will when passed m the
diluted state give rise to farmation of fully active virus Itas however ewt
dent from the passage expernments that nat only the quantity but also the
qualety of the seed must be of importance 23
The possility that the atypical virus formation was due to extra viral
factors has been tested i vanous ways However atiempts to seprate the
agents Tespensible for the of P vires {from the virus
1 the seed—by filteation fugh speed centnfugation or adsorptios with red
s—all fuled The available data all x:gnca!c that non wiral factors do
le 1 the atyprcal virus production
na;g?gy S:;ypf‘sxb!e role n);phcnl mactivated virus shich might bave acen
mulated 1 the fmds employed as sced was studied Freshly harvested

cett
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On the basts of these findings 2t has been tentatively suggested that the
formation of “mcomplete  wirus as observed 1 passage-cxpenments w
embryonated eges 1s to a large extent due to mterference between fully
active and jncomplete virus It seems possible that in cells infected wath
both fully active and mcomplete varus the anfective particles start to
multply and pass through the imual stages of the wrus growth cycle but
that the consersion of the immature particles nto fully active virus 15 m
fubited by the ncomplete™ virus possibly by annexation or blockade of
some metabolic system of the host cell essential for this conversson 13

According to the working hypothes:s just ovthined the mcomplete
virus 18 supposed o act merely as an agent which inhiits the complete
growth of the mfective virus but which facks completely the power of self
rephcation While this 15 undoubtedly true for incomplete  6th passage
Lee wvirus certan observanons indicate that there mav be qualitative differ
ences between the ncomplete forms dernved from vanous undiuted
transfers and that the incomplete  virus produced i the first 4 to 5 un
diluted Lee passages may actually possess some power of reproduction

In the first place carefufl stuches of the virus growth curves at shortly
spaced intervals have shown that in the 4th and 5th undiluted Lee passage
the inerease of virus oceurs earber than should be expected if the increase
was dne only to the infecuve virus w the sced Sccondly the final yield
obtamned wath 4th and Sth passage Lee seed were usually hagh and con
sistently contaned 2 to 8 fold more virus than was obtained with arhficial
muxtures of Standard and 6th passage Lee virus although the mfectivitv
and hemagglutinin content tn these mixtures was dentical to that of the
“natural sceds

These findings would seem to indicate that the mcomplete  virus present
in the earlier undiluted Lee passages has some ability to mutuply possibly
by way of recombimnation processes similar to those descnbed for bactenal
viruses'® and recently also for partiafly mactivated influenza virus ™ In this
connexon it 15 also of mterest that Fulton and Isaacs® have recently 1e
ported that ncomplete 3rd passage influenza virus 13 apparently able 1o
multiptv when grown i the cells of the chy 11 mem
brane The interference betneen fully active and  mcomplete wvirus s the
early undiduted passages may thus be comparable to mterference between
two active vituses whereas m the 6th undifuted Lee passage the phenome
non is anajopous to that observed between active and nactive virus

Addr { evidence that virus from vanous passages may
differ quaitatively s finally supplied by sedimentation studses which 1
dicate that the sedimentation constant of sncomplete wirus decreases with
passage

Tt will be reahized that the avadable data woncermng the formation of

incomplets  virus indicate that the mechamsm nvolved 15 very complex
and that prabably several different factors 2dd to the. phenomenen
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following way In a diagram the number of mfective doses and hemagglutt
nating umts present it each moculum was recorded along the vertical and
honizontal axes respectively The composition of the resultant yield was
recorded in the diagram

This analysis confirmed that yields consisting mamly of ncomplete
virus were ot d only foll g J¢ of large doses of virus 1¢e
more than 250 agglutinating units corresponding to 10° 4 virus particles’—
or about 20 virus particles per cell 14

This analysis showed also that when this requirement was fulfilled three
different results were obtained according to the content of infective varus m
the seed Seeds of high infectivity (>>10%¢ El;) induced formation of
both mfective and mcomplete wirus Seeds of medum mfectvity pro-
duced mainly incomplete wvirus while finally seeds of low infectivity
(less than 10° Els) did not mduce any detectable virus formation

The fact that seeds pred ly of 1 virus do
not mnduce any virus formation 1s of particular interest As has been men
tioned this observation 1s p with the p that the

complete virus 1s a self propagating virus varant It shows furthermore
that the mcomplete virus 1s able to mterfere with and mhibit the propa
gaton of the quite d of inf particles present m
the seed

Studies of the mterfenng capacity of the incomplete virus have shown
that the interference may be at least partially overcome by large doses of
Standard wirus It was also established that several hours were required
before the p virus had rendered the ptible cells lete]
resistant to super infection with fully active virus

These findings suggested that the formation of mcomplete virus as ob
served 1n embryonated eggs might to some extent at least be due to mter
ference between the fully active and the imcomplete virus m the seed A
drect approach to test thts hypothesis was made by studymng the virus
growth induced by artificial mixtures of mcomplete and fully active virus
Senal ten fold dilutions of Standard virus were added to undiluted 6th
passage Lee flnds which d manly of l virus Each
mxture was passed undiluted to eggs and the growth curves were studied
The muixture consisting of most infective virus (108 4 El;) 1induced forma
tion of comparatively Iarge amounts of ircomplete plus smaller quantities
of fully active virus The mixtures contaming 10 and 100 fold less infective
virus produced manly mcomplete virus and the total yield of virus was
directly related to—although not proportional with-the concentration of
infective virus 1n the seed The results obtamed show clearly that the for
mation of ncomplete virus 1s dependent upon the infective virus 1o the
seed and they mndicate that the 1ncomplete virus 1n the presence of large
ts of wfectve virus suppress the formation of fully active virus

amoun
rather than the formation of non infectious hemagglutinm
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non wmfective plant virus particks also differ from the normal virus by
their lack of nucleic and

In recent years very simitar non infective nuclerc acid free incom
plete forms of certain bactenal viruses have also been described 819 ©
The incomplete bacteriophages have been shown to be present within
the bactenial cell at a ime when the virus has not yet been synthesized to
the state of becoming infective and the avadable evidince that the n
complete phages represent smmature forms of the mfecuve particles
seems rather convincing The stnking similanty between the properties of
the immature phages and those of ncomplete mfluenza virus would
seem to lend further support to the assumption that incomplite 1n
fluenza virus too 1s an tmmature form of the fully active virus

As d pl forms of and p
turmp yellow mosaic virus differ from the normal nfective virus also 1n
that they do not contain any nucleic acid So far only few attempts have
been made to determine if there are stnular differences between incom
plete and complete forms of mfluenza virus and these attempts have
not met with any success Such studies are too compheated for an ordinary
virologist but 1t would be very destrable 1f a chemust with sufficient patience
and energy would spend some time on this undoubtedly rather complicated
and Iabonous job
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There 13 no doubt that multiple mfectron plays 2 dommant rofe for the
production of incomplete wirus However as has been mentioned small
amounts of incomplete vitus are present also in Standard  preparations
where as you will recall a very small woculum is used The amount of

meomplete  vires produced 1n Standard passages seems to vary from
strain 10 stram It seems probable that the formation of fully active virus ss
always t by a prod of small of plet
vieus There s however no doubt that large yields of incomplete virusis
produced only if the seced contans wvirus particles i sufficient numbers to
cause multiple infectson of the host cells

However multiple infection alone cannot acconat for the phenomenon
as observed in embryonated eggs In these hosts the development seems 10
be due mawmly to mterference between the two forms of vicus It seems
posstble that the formation of incomplete wirus in de-embryonated eggs
in tissue culture and 1w mice may also be due to interference In the two
first d hosts 1 p far 1t seeqss p that the celis—because
of the unnatural condittons under which they are mamtamed—may be
deficient and that the comparatisely small quantities of wncomplete  vitus
present in - Standard  wirus mocula may be sufficient to cause a blochade
stilar to that seen n embryonated eggs only with seeds contasnng much
larger amounts of sncomplete  virus

A simular mterpretation may be appled also 1o the formation of non
wnfectious hemagghitiig m mouse brams In mouse lungs on the other
hand the available evidence would seem to wdicate that 1n thus host the
phenomenon 18 more probably due to cell damage

As regards the sature of meomplete  virus the vanous hypotheses

g the resp le for the atypcal wrus formation alt
imply that the icomplete  virus is an immature form of the fully active
virus  Conclusive evidence for this assumption has not been presented
but 1t 15 at least to some extent supported by observations by the Henles™
and by Hoyle!? md that non mfe k appears m
allantosc membranes prior to the appearance of infective virus

The formation of 1 virus 18 as d before not an
exclusive pecalianty of influenza virus Simlar forms have beens observed
mp of other k ) vIeuses  as Dusecase™
and Fowl phage * Non nfective virus material has been demonstrated akso
1 cestam plant veruses ' The non mnfective patticles observed by Mark
ham and Smuth * 0 sap from plants mfected with turnip yellow imosaic
yirus are of particular mterest because of the stniking analogies between
the praperties of these forms and those of the mcomplete forms of 1n
fuenza virus The mcomplete forms of both viruses resemble the normal
infective porticles n that they have the same surface charactenstics as
infective particles but they &ffer fro)m the normal patticles by b:g}'g non
wfective and by having a Jower canstant Ch y the
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Studies on Double Infections With Influenza
Virus

George K Hirst
Division of Infectious Diseases The Public Health Research Inshiute of The
City of New York Inc New York 9 NY

The beautiful demonstration of genetic recombination between strauns
of bacteniophage by Hershey and Rotman® has sumulated the worker with
amimal viruses o search for the reproductive mechanisms that may be
found 1n his own matenal Influenza wvirus has much to recommend 1t as
an agent for genetic study and Burnet and his collaborators have already
published a number of observattons on expennments designed pnimanly
to prove the eustence of recombination 1 this group I shall confine my
remarks however to interpretations of experiments carned out m my
1aboratory over the past two years expeniments m which genetic recombr
nation appears to play httle if any role This work involves two new
factors which will have to be dealt with in the future mn considenng the
problem of influenza virus reproduction To attempt to give an overall
prcture today however would only mvalve us 1 wild and very probably
fruitless speculation at a ttme when many new key experiments are pos
sible but reman to be done

For two years Dr Tamar Gotleb and I have been studying the results
of simultaneous nfection of the allantoic cavity with two fluenza virus
strans 24 We had hoped to find ewidence of genetic recombination be
tween our strains and for this purpose we decided to use virus antigens as
genetic markers This proved to be a fortunate chowe since a study of
antigemC structure led us away from the problem of recombimnation and
provided excellent evidence for the existence of two other factors involved
mn virus multiphcation They may be described briefly as phenotypic mix
mg and heterozygosss  Althou h 1t 1s quite certamn that the two reactions
are distinct a complete separation of their effects 1s difficult because (1)
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based wall be diseussed 1 a few minutes and at this pomt  wall only
point out that the occurrence of a few X, particles giving nise to both
A and B conld not be completely ruled out In other words particles of
an A plus B phenotype were of genotype A or B Thus fits the desenption
of phenotypic mixing and 1s simifar 10 the bacteniophage model even to
the extent that the antigens concerned 0 both cases have to do with the
attachment of the virus to the host cell In spite of the fact that we do
not have direct evidence that the distribution of agglutinating antigens 1n
2 host cell 15 a random one with respect ta virus gcnotypc ncvcrlhclcss
1t appears to be a safe that the h

antigen to a virus particle 15 a function which 15 mdcpcndcm of the
genotype of that particle

The study of phenotypic mixing gives us some nsight into the details
of virus formation within the host cell although 1t 15 not pumanly a
genctic phenomenon In discussing 1t we dtew our matenal largely from
expeniments with A and B wirus since this permutted a study of the re
action in uts purest form Most of our work however has been done
with an A-A combination Melboume and WSN (M and W) and we be
heve that 1t shows clearlv the eustence of another form of virus inter
action  heterazygosis

What we called X, virus was readily prepared by the simultaneous
tnoculation of M and W wirus into eggs A number of expenments were
camned out n an attempt to propagate the X form and as would be
expected from the concept of phenotypie muxing these resulted only m
yields of parent type viruses when the inocufa were small On four or
five now the of an p X form has been
noted on such attempts 2t passage  About one out of twelve of the first
passage X, fluids mduced the formation of a new type X wvirus when
mocufated mn small amounts mto eges This new kind of X virus was
calied X, and was disingmshed from Xi i 1ts ability to be mantamed
by passage at hugh dilution Phenotypically X was hke X; mn many
tespects and 1t could be neutralized and the hemagglutinin inhubited by
both parent sera It was also clear that Xy gave nse 1o parent types M
and W though apparently with a lower {requency than did X,

X virus was camed on one occasion through more than twenty egg
to ¢gg passages utilzing at times matertal from eggs that had recewved
but a fraction of one ID 4 of virus It seemed very probable that the hne
of descent passed through a single particle not once but several times
and since both parent types (M and W) were present at the end of the
passage senes there exssted a strong suggestion that a single particle of
X had the potentidity of giving nse to both parent types Previously we
had decided that a single X particle of the A~B vatiety could guve nse 1o
either A or B while now we wished to prove that an X particle of M-W
type could yield both M and W Such a distinction promised 1o be duffi
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they both may occur under the same expenimental condittons and {2) be
cause an accurate apprais il of the heterozygote state 1s difficult by presont
methods

Phenotypic miting 1s 2 phenomenen which occurs with bacteriophage®
when two strains are used 10 nfect the same bacillus and refers to virus
particles which are genotypically Iike one parent but phenotypically bhe
another Smce very few studies have been pubbished on this effect ne are
more than fortunate 1n having so much added ewvidence from Dr Luna
this mormng d which our und ding of the basc
process very considerably

The pertinent facts can now be summanzed briefly (1) Infection of 2
bactenal cell with T2 and T4 viruses 1s foflowed by a muxed vield of par
tcles which are genotypically eher T2 or T4 (2) The tails of vrus
particles produced are antigenically ke T2 or T4 or they are of muxed
character (3) The distribution of these three different types of tals 15 2
completelv random one among the particles of the two genotypes It 15
clear that the attachment of tails 1s a process which 15 functionally wnde
pendent of the genetic matenal 1 the individual particles

The snformation on phenotypic mixing with influenza virus s fot 50
detailed nor so complete as that with bacteriophage The clearest en
dence comes from studies where one A and one B staw have been used
for simultaneous 1noculfation The reason for this ss that the <econd re
action h g 1 not a feature of A-B snfections and
hence the picture 15 less confused A and B wiruses are anugenucally cont
pletely dotinct from each other and an antiscrum apamnst one stram IS
without effect on the other i enther hemagglutination ntubition 0F
nentralization tests However when large and equal (in terms of D 5)
amounts of one A and one B virus were moculated 1nto the allantoic sa¢
the resulting yeld often consisted predomunantly of virus m which both
A and b antigens occurred on the surface of single particles The hemag
gintimin of such doubly antgenic virns was mhibited and the wirus was
often neutralized by both A and B antisera

Virus of this mixed antigeme character we have calfed X, and we
have succeeded m producing it wath three different pars of strams 10
which one virus was A and the other B several paws where both strams
were A and with one of nfl A and N disease
virus ¢ By proper mampufation of the proportions of two mfectng
strams 1t was possible m some cases to obtan yelds of virus yn which
959 of the particles were i type Fraser has also descnibed what
was undovbtedly phenotypic miung following a double nfection with
two A strans

Recent expeniments with Xy virus of the A-B type have led to the
conclustan that such particles are genotypcally eher A or B but prob-
ably mot both The nature of the expenment on which this statement 15




MECHANISMS OF INFECTION 43

plad product able to reproduce only slowly and able to compete with
haplord wirus only by virtue of the fact that alf cells of the allantorc sac
are mfected m the beginming At least our heterozygotes and  mcom
plete™ viruses are best produced under the same condiions npamely very
larpe mocula
Only brefl mention will be made at this time of the type of virus
stocks rsolated from snfections mtated by X partcles (M-W type) As
stated before the major components of X breakdown are parent type
strams and a stable form (X:) which 13 most kike the W parentt X,
differs from W in that 1t has a distinct M antigenic component which can
be detected by nentralization tests A second and very stnupg difference
1 that A, 15 not virulent for mice when given by the intracerebral route
Reaiprocal effects have not been found in M wirus from X lmes While
these changes may be the result of of genetic ¢k
i which some of the segregants are lost a much more ntnguing poss:
bllny 13 lh;\t the shift from X or X; to Xy (diplowd to haplend state} 1s
d by an unequal d of the total genetic matenal 1o
lhe l\w progenv and that this leaves X, heterozygous for part of the
specific antigent, complex A close analogy for this picture comes from
the breakdown of diplord forms of B coh found bv Lederberg et af ®
As 1 stated at the ontset ¥ do not mtend to offer any general overall
theory to cover the obsenvations made by others and by ourselves on
infiuensa virus muluplication No benefit will be denved from synthesiz
ing 3 picture of the process of rephcation by taking bits of infuenza re
search and mterlarding them heavily with conceptions taken bodily from
the stndy of bactenophage behawior The academic and the prachcal
¢s of undc ding the rep of ammal
viruses will be very great when achieved but out knowledge of this field
15 50 pnmitive today that what I have emphasized this monung may best
be deseribed as mere startmg pownts for further work
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cult, espzerally mnce we bad only the bauting dirton method for P2
1solztion of descendants of single particles

In oder to use the Lmutmg dlaton techmgne for thas purpose ot wzs
nzcessany to stud  surws wmisctnal endpomis m a guertozine mzmmer
This type of stody had alreads been done by Lin 2od Hente® wria moed
infections of A z2nd B OQur coztrol studes with the seme 2nd oder
stramns confirmed the essential fezfires shich thm fornd, Twmo viroses
were mixed 1 3uro 10 a rut.o of one 10 one The e was dlzed
twofold steps and each dilzucn moculted mto <0 erps. The roge fo
50€% 10 zero infectivits was covered. Afer a smiabe meba.on prood,
each egg was ¢xammed to determoes sbether pr hed smppied sz
growth 2nd if so whether op= o= two tvpas Ia control exprmenis 8 ¥25
found that the number of double mfections whch occrred wezs 2 fzrv
reproducible foaction of the pumbet of ID , of s1ros mocle.ed, repmrd-
less of the stramms emploved.

Xy virus from A-B combrmetions was tested for the waeld of doxc'r
mfected eggs 2t end bevopd the post of S0% mfectnt 2od no £op
difference from the costrols wazs fornd 1e the pomber of epgs nelEor
both wiruses could be explamed by the chance mcir.on of both groo-
types 10 the wmoculum. In merked contrast to this resnlt, the moctizhed
of X; 2nd X, virLs from WM-W combinzions 2t koh distons veiied
a sery high prreentagz of dorbly tnfected ezrs compered to the comiros
The results were con.stent m 2 pummber of tests and the dfzrences w2
well besond the hats of error of the methods

One explanation of the high madence of double wmfection comd B2
aggregation of the mfecting pamicles Howeser experrments en the soon-
tsity to Litrzviolet fight of X and the reveryon of X to X strongv
suggest that the explanztion 1s 2 g2netic one From fius stendpors, %2
may szy that some perticles of X, znd X _ 21 heterongotes 3 respect O
zntigemc type It 1s quite pos e 2nd even Hkeh tht, mhen mowe ckar
acters have bren examned, 1t will be found thut the X forms zre heterozv
gous for manv traits and may 10 f2o1, be dploids, The bateroz goise 1232
seems to be a relatiiely unstzble one with frecuent reseraon to the ongee!
forms

There 15 Little doubt m o mmd that the hetzrozvzotic o dplod stz2
will be found to b* zn rmportan. onz m the process of mfpenza VTS
reprod If genetic occurs then dipodv mey wel
preceds the €xe o= of cherecters The occurrnez of W-B Eplesds
seggests that MM 2nd W-W types mzv ocenr as well 2nd, while the
Jatter wonld serolopcalls be fiks the parent tvpes there mught be other wavs
of this d; It s bl £4 only 2 wild guess
2t the moment, that dfierest degrees of povplodh mght be 2ssomzed
wath vzrying degrees of subilty znd that the zppar-otly ponar s

seen zfter very lzrpe mocula may be some sort ©f poly-
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beantful work of Dr Lwoff and hus colleagues on the exaung effects
that cas be produced by vanous lome unbalances m preventing or pro-
ducang mnd t n the ) suses M onlv
02 M sodiom chlonde 15 required for the attachment of T2 to its host
but the sobsequent steps of its metabolsm require 3 fise fold greatr
amount of this salt 1 think it would be safe 1o assume that most of the
metabolic reactions imolve some kind of concomitant somic paruc
faton
With respect to the next question T1 virus which has been sensitized
a porary expx to low hyd; 1on attaches
readily o host cefls but the ceil 1s not killed Presumably then the DNA
does not penctrate under these conditions

OR. SABIN [ was waiting for the experts to comment but now perhaps
there 13 time for general questions I am sure that the titles are not mus-
leading anyone namely that we ave not dealing here with penetration by
all virnses but with penetration of the bactenal vwruses under study I
am sure that everyone 1s aware of this The question that I would ke
© ask 15 this Has 1t been shown as yet that any virus that does not
Ppossess a taud nfects a bacterium by wnjecting or leaving 10 the cell only
a portion of 1ts total substance ¢ g DNA” Thatis question %1 Secondly
if e take 2 relatively largs model namely the fertduzation of the ovum
by the spermatozoon the tail somehow or other gets left outside and the
rest of the spermatozoon gets into the ovum and begins its work there
Perhaps a farge wirus hke vacona may function m that mamner There
may be many mechamusms by which viruses may mfect cells Some of us
now are inchined 10 say “Oh well wiruses dont g-t msids the cells thats
2n old fashioned 1dea 115 been shown that they only mnject a Lttle bit of
their stuff 1nto 1™ 1 wonld hike to get a hittle bit of comment on that.

Now about the reaction of wiruses with red cells While 1t 13 qmte trne
that the mfiuenza viruses and perhaps others worh that way on the red
cells T thimk the viruses affecting the nervous system which also hemag
glutmate red cells react n quite 2 different fashion This 15 no cntaism
of the work presented here this moming but perhaps we can get some
comment from the people on the program

DR uErsREY 1 thmk Dr Sabins pont that we should not generahze
prematurely about viruses 1s 2 good one I would go one step further
than ke does and suggest that the taled wiruses that 18 the larger bac
teniophages  represent specific adaptations to cells with sturdy walls
Following this fine of thought one sees no reason to expect that ammal
wiruses generally wall be found to infect cells by an injection mechamsm.
Hawever fiow that we know this mechamism exsts 1t 1s only 2 matter
of hard work 10 find out which varuses use 1t
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DISCUSSION

Mechamsms of Virus and Ruckettsial Infections

DR LURIA Has 1t been established that phage T1 when attached to the
cell without further growth does not ntroduce its desoxynbonucleic
aad nto the cell? Also 1ons may play soles 1n some of the eatly re
actions following phage attachment Approximately one half of all bac
tertophages require calem for reproduction after attachment and we
have found that calwm s specifically required for the penetration of
DNA 1mnto the bactena

DR JOHN W REBUCK {Henry Ford Hospital) 1 would ltke to ask Dr
Gottschalk how hts analyses of the receptors can be compared with cur
rent analyses of the blood group substances I would also hke to ask hm
if he would discuss the findings of Abramson on the failure to change
electrophoretic mobility of sensitized erythrocytes that 1s those senst
tized by their spectfic agglutimins 1n the light of the electrophoretic
mobility changes that he discussed

DR GOTTSCHALX With regard to the blood group substances which have
been so exhaustively investigated by Morgan one can now say that
though there are common features between the carbohydrate group of
the blood group substances and the carbohydrate of mucoprotem both
of them g h \f and fucose they are defimtely
not sdentical Highly punfied blood group substances have practically no
virus antihaemagglutimin qualihies and the mfluenza virus receptor sub-
stance from human red cells have very Iittle blood group actmty I think
the difference hes first n the sequence of the individual sugars and m
the manner n which they are Linked together and secondly m the fact
that virus t | hibitory p have a much higher
protein content than the blood group substances which are predomt

nantly polysacchandes With regard to the sccond question the change
1n mobility of the erythrocytes followmng virus action 1s due to the un

masking of a charged group resulting from the sphtting of a chemmcal
bond In the case of the sensitized erythrocytes the adsorption of anti

body and complement to the cell surface presumably does not affect the
total net charge of the red cells

pr PUCK In answer to Dr Lunas question about the role of jons after

p! of the 1mtial h 1 am very sorry if by emphastzing
the function of 1ons m the early steps of virus mnvasion I may have given
the impression that T thnk they have no role fater on This 1s far from
the case In addition to those examples Dr Luna cited there 1s the very
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beautdful work of Dr Lwoff and tus colleagues on the exaiing effects
that can be produced by various 1om¢ unbalances 1n preventing or pro-
ducing 1mdh ph m the viruses M onfy
02 M sodum chlondu 15 required for the attachment of T2 to sts host
but the subscquent steps of its metabolism require a five fold greater
amount of this salt I think 1t wonld be safe to assume that most of the
metabolic reactions mvolve some knd of concomitant jomc parhic
ahon

F With respeet 1o the next queston T1 virus which has been sensitized
by a temporaty exposure to low hydrogen 1on concentration attaches
readify to host cells but the cell 1s not Mfled Presumably then the DNA
does not penctrate under these conditions

DR SABIN ] was waiting for the experts to comment but pow perhaps
there 1s ume for geperal questions 1 am sure that the tutles are not mis
leading anyone namely that we are not dealing here with penetration by
all viruses but with penetration of the bacteral viruses under study 1
am sure that everyone 15 awate of this The question that T would Tike
to ask 1s this Has 1t been shown as yet that any wirus that does not
possess a tail infects a bactenum by injecting or kaving in the cell only
a portion of 1ts total substance e g DNA? That 1s question %1 Secondly
of we take a relatvely large model namely the fertilization of the ovum
by the spermatozoon the tail somehow or other gets left outstde and the
zest of the spermatozoon gets into the ovum and begins its work there
Porhaps a targe virus ke vaccmma may function in that manner There
may be many mechatisms by which viruses may infect cells Some of us
now are inckined to say Oh well viruses dont get inside the cells thats
an old fashioned 1dea 1ts been shown that they only yect a kttle bit of
their stuff mto st I would Itke to get a hittle bit of comment on that

Now about the reaction of viruses with red cells While 1t 18 guite true
that the ifluenza viruses and perhaps others work that way on the red
cells 1 thunk the viruses afiecting the nervous system which also hemag
glotinate red cells react 1n quite a different fashion This 1s no cnticism
of the work presented here this morming but perhaps we can get some
comment {rom the people on the program

bR neRsiey | thok Dr Sabins powt that we should not generalize
prematurely about viruses 1s a good one Y would go one step furtber
than he does and suggest that the talled viruses that 15 the larger bac
tenophages represent specific adaptations to cells with sturdv walls
Fallowng this line of thought one sees no reason to expect that ammal
viruses generally will be found to infect cells by an ijection mechamsm
However now that we know thus mechanism exusts 1t 1s only 2 matter
of hard work to find out which viruses use 1t
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DISCUSSION

Mechamsms of Virus and Rickettsial Infections

DR LURIA Has 1t been established that phage T3 when attached to the
cell without further growth does not introduce 1ts desoxynbonucleic
acid mnto the celi? Also 1ons may play roles 1 some of the early re
actions following phage attachment Approximately one half of 2ll bac
teniophages require caleum for reproduction after attachment and we
have found that calcium is specifically required for the penetration of
DNA 1to the bacteria

DR JOMN W REBUCK (Henry Ford Hospital) I would Lke to ask Dr
Gottschalk how fus analyses of the receptors can be compared with cur
rent amalyses of the blood group substances I would also like to ask hun
1f he would discuss the findings of Abramson on the failure to change
electrophoretic mobility of sensttized erythrocytes that is those senst
tized by therr specific agglutimns 1n the hght of the electrophoretic
mobility changes that he discussed

DR GOTTSCHALK With regard to the blood group substances which bave
been so exhausttvely investigated by Morgan one can now say that
though there are common features between the carbohydrate group of
the blood group sub and the carbohydrate of both
of them k it and fucose they are definutely
not dentical Highly punfied blood group substances have practrcally no
virus antthaemapglutimn qualihies and the influcnza virus receptor sub-
stance from human red cells have very little blood group activity I thunk
the difference hes first 1n the sequence of the mdividual sugars and m
the manner 1n which they are linked together and secondly in the fact
that virus haemagglutiun mhibitory mucoprotems have a much fugher
protemn content than the blood group substances which are predomt

nantly polysacchanides With regard to the second question the change
1n mobility of the erythrocytes following virus actton 1s due to the un

masking of a charged group resulting from the sphittung of a chemical
bond In the case of the sensitized erythrocytes the adsorption of antt

body and complement to the cell surface presumably does not affect the
total net charge of the red cells

pr puck In answer to Dr Lunas question about the role of rons after

! of the wmitial T am very sorry if by emphasizing
the i(uncnon of Joms m the early steps of virus invasion T may have given
the 1mpression that T think they have no role later on This 15 far from
the case In addiion to those examples Dr Luna cted there 1s the very




MECHANISMS OF INFECTION 5

some observations that are pertnent to that Bactemal clls appear to
have attachment sites spread over their complete surface so that the
number of viruses which can attach to the single cell 18 equal to the
number which you could fit on there 1n a close packed amray something
hke a thousand wiruses for ¢xample 1n the case of Tt In the case of the
host cells or wiruses like Newcastles disease however these cells al
though they are much larger than the bacternal cells have many fewer
attachment sites As a matter of fact the total number of attachment
sites appears to be of the order of magmtude of a hundred despite the fact
that these cells are thousands of times larger If as 1t seems to us to be
worthy of consideration these attachment sites also contan the pene
tration cell sites through which the wirus can intate secondary injury
to the cell one mught then expect that in ammat cells the ability of the
cell to recover from such an engagement with a virus would be much
greater

DR GEORGE © GEy (Johns Hopkins University School of Medicmne)
In working with eastern equine encephalitis virus grown 1 certain cell
stramns and with polio viruses grown on human tumor strams A Fi and
HeLa minute peripheral portions of cclls can be demonstrated to be
destroyed when the remamder of the celi 1s stdl ntact Thus has been
observed m hving cell preparations indicating that if one could imagne
mterference at the proper ime the cell could recover from such infesta
tion The pomt has been brought up about recovery and the possibility
that a whole cell once exposed mught recover as the result of exposure to
virus We have actually taken motion pictures which demonstrate that
portions of cells can be destroyed by polio virus before the whote cell
succumbs Also 1n work with Dr Bangs group we have gotten elec-
tronmycrographs showing the effect of eastern equine cnccp}mhus wirus
which tend to support this of a

cells Other modes of destruction of amimal cells no doubt also oceur

of

DR HORSPALL I would like to ask Dr von Magaus to explain what seems
to be a discrepancy As I viewed the results 1t appeared that as the total
quantity or the ratio of noninfective virus mereased dunng seral passages
the yield of nommfective virus 1n the next passage also increased Then ata
certan pont eg  with PR8 between the fourth and sixth passage this
correlation breaks down and suddenly the capacity to produce nfective
virus and relatively little nominfective 1s regained The same situation holds
as passages are continved and more and more nomnfective particles appear
as more and more are moculated until finally the correlation again breaks
and we return to a relatively infective yield Is there an explanatton for this
seemung paradox?
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voice 1 would like to add the following to what has gone before First
of all I think everyone s fully prepared for the fact that even some
phages might be found which mnject part of their protein along with their
DNA The most interesting aspect s to find a virus whose reproductne
apparatus s contamed mn the smallest possible component and this 15 1
think the reason why everyone has been treatng Dr Hersheys dis
covenes with such interest and respect But I am sure that no one
tends to read mto this a general law to exclude other things The second
thing 1s that if when obvious differences between viruses Ike influenza
and some other mammalian viruses from the bactemophages 1s that at
least for the red cells they have several attachment sites as can be
d d by the ph of aggl Both the red cells
and their host cells None of the bacterial viruses that we have ever
studied under any conditions will agglutinate their host cells mdicating
that they have only one h site It s ble then that other
viruses having only one single attachment penetration site could have
such sites spread over them just as the host cell has portals of entry
spread over a large part of 1ts surface

MR BAWDEN Dr Hershey has sard that no viruses are known that attack
organisms ke yeast which have tough cell walls Thus 1s not quite cor
rect for flowerng plants with which I work have exceedingly tough
skins but they suffer from plenty of virus diseases However I am not
questioning fus general thesis for all umnjured plants seem to be im
mune from viruses which can enter only through wounds Bacteno
phages differ most stnkingly from viruses of flowering plants m their
remarkable ability to pass unaided from one organtsm to another A virus
1n one flowermg plant stays there unless someone or something takes it
out and puts 1t mto another In nature the something 1s usually a particu
lar msect and 1t has long seemed to me that bacteriophages behave much
more Dke plant viruses plus thetr vectors than the plant viruses alone
Dr Hershey s fascinating results now suggest that the protem coat of the
phage particles may indeed play the role of a vector This micely ex
plams one d between the of phages and plant viruses
but unfortunately 1t raises another where previously the two kinds of
virus seemed to be reasomably smmlar If only the nucleic acd from
phages enters bactenia chemically the phages seem to come more 1 line
with transforming factors than with the plant viruses for these are nucleo-
protems and 1 many of them the nuclerc acid 15 quantitatively enly a
very minor component

voice If I may T would hke to say something about that pomnt be

cause Doctor Levine and lus associates mn our laboratory have made
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some observations that are perunent to that Bactenal cells appear to
have attachment sites spread over ther complete surface so that the
rumber of viruses which can attach to the single cell 15 equal to the
number which you could fit on there in a close packed amay something
1ike a thousand wiruses for example 1 the case of T1 In the case of the
host cells or wviruses like Newcastle s discase however these cells al
though they are much larger than the bactenal cells have many fewer
attachment sites As a matter of fact the total number of attachment
sites appears to be of the order of magmtude of 2 hundred despite the fact
that these celis are thousands of times larger If as it scems to us to be
worthy aof consideration these attachment sues also contant the pene
traton cell sites through which the wirus can wmtiate secondary mjury
to the cell one mght then expect that i ammal cells the ability of the
cell to recover from such an engagement with a virus would be much
greater

DR GEORGE O GEY (Johns Hopkins Umwversity School of Medicine)

In working with eastern equime encephalitis virus grown in certamn cell
strams and with polio viruses grown on human tumor struns A Fi and
HeLa mnute penpheral porttons of cells can be demonstrated to be
destroyed when the remamnder of the cell 1s sull mntact. This bas been
observed 1n living cell preparations ndicating that if ore could imagine
interference at the proper time the cell could recover from such infesta

tion The pomnt kas been brought up about recovery and the possibility
that a whole cell once exposed mught recover as the result of exposure to
wvirus We have actually taken motion pictures which demonstrate that
portions of cells can be destroyed by polio virus before the whole cell
succumbs  Also 1n work with Dr Bangs group we have gotten elec-
tronmicrographs showing the effect of easten equine encephahtis virus
which tend to support this mterpretation of a progressive dustruction of
cells Other modes of destruction of animal cells no doubt also oceur

DR HORSFALL 1 would Iike to ask Dr von Magnus to explamn what seems
to be a discrepancy As I viewed the results it appeared that as the total
quantity or the ratio of noninfective virus mereased durning serial passages
the yield of noninfective virus in the next passage also increased Then ata
certamn point eg with PR8 between the fourth and sixth passage thus
correlation breaks down and suddenly the capacity to produce infective
virus and relatively hittle noninfective 1s regamed The same situation holds
as passages are continued and more and more nomnfective parucles appear
as more and more are moculated until finally the correlation agan breaks
and we retumn 10 a relatively infective yield Is there an explanation for this
seeming paradox?
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DR RIVERS (Moderator) Dr Horsfall may I ask you a questuon? Do you
mean to say Is this virus comung or going? Is st a growing virus that 1s not
mature or 1s 1t old virus that is breaking down?

DR HORSTALL I was very carcful Dr Rivers not to use the words that
you used or the words that Dr von Magnus used I referred only to non
mfective and infecuve virus particles but did not use any of the other words
which I think have odd connotations

DR RIVERS Dr von Magnus do you want to answer that question? Not
mine but Dr Horsfall s?

DR PREBEN VON MAGNUS I thunk the explanation of that 1s that when you
get onto the fifth or sixth passage you get almost no virus production so n
the sixth passage there 1s actually no increase of virus and when you harvest
this fled say at 18 hours after you have seeded the eggs this flmd con
tams about ten to fifty fold less virus than other previous seedings did So
when you proceeded to new eggs the total content of virus in the 6th pas
sage seed 18 too small to cause multiple nfection of the cells You will get
a part of the cells of course nfected with incomplete virus while the
g cells remain puble are not blocked so the active virus which
15 actually present in the seed would be able to multiply and to reach very
Iigh titers Now when you harvest that passage re the 7th passage 18
hours after 1t has been moculated then you have got a flmd 1n which there
15 a fawrly high mfectivity titer but m which sull no measurable amount of
mncomplete virus 1s praduced so you are back to almost a standard passage
or to an 1n between standard passage and first passage flnd In this way you
can repeat the cycle the mncrease in incomplete virus will gradually increase
as through the first four passages then follows a passage with no increase
1n virus then an increase of mfective virus and for some further passages
vou get manly complete virus produced when you harvest the first 18
hours after moculation Probably you would get quite different results if
you harvested later on Then later on somethung more curious happens
which I am not able ta explamn and which I have been careful to avod

today

DR LURIA In with the or non particles of
1afluenza a recent paper by Cairns suggests that there may be no such thing
as non nfectious hemagglutinin 1n the allantorc membrane According to
Cauns treatment of de-embryonated nfected eggs would immediately
Iiberate all the hemagglutinin m the form of free mfectious virus His con
clusion 15 that the hemagglutimn 1s only formed as the virus comes out of
the cell but the virus remains stuck on the surface of the cell for about

an hour
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DR PREBEN VON MAGNUs I think the expettments by Catrns are not directly
comparable with those 1 embryonic eggs which are not inoculated with
RDE repeatedly 1 would think that he bas got results that are somewhere
mtermediary between what you get in de-embryomc eggs and what you get
i ordinary embryomic eggs At least we could not repeat his expenments
m embryomc eggs

DR HAROLDS GINSBERG (Western Reserve University School of Medicine)
1 would like to try to compare briefly some of the findings of von Magnus
1n the chick embryo and those obtamed 1 the mouse lung Tt 1s very dif
ficult actually to be sure whether or not we are reafly dealing with the same
phenomenon There are some very marked differences that anse The most
essential differences 1 think are (1) non infectious virus arase an first
passage a fact which he pomted out to occur in the de-embryonated egg
and 1n tissue culture as well and (2) it was imposuble to pass non in
fectious virus in the mouse lung On first passare of lung suspension which
had a very high titer of non infectious and low titer of infectious virus
there emerged fully infectious virus agam and nothing that could be termed
non mfectious virus In addibon if one employed short intervals after
nfection to examune the lungs m order to observe the iutal cycle of
multiphcation 1t turned out that a very pecubar phenomenon arose and
this was very reproductble approximately 3% hours after viral 1noculation
non 1nfectious virus could first be detected and there was a simultaneous
decrease 1n quantty of infections wvirus It appeared almost as though n
fectious virus were being converted mnto the non infections form Expen
ments were then designed to compare the actual total amount of virus that
1§ antigenic viral material 1 mouse lungs which contamed a fugh titer of
non infectious material with mouse lungs which contained chiefly infectious
virus These expertments indicated that there was approximately the same
quantity of wiral matertal 1 each From experiments camed out m the
mouse lung 1t 1s tmpossible to determme whether the non infectious virus
formed 1s ar virus except plete i the fact that
1t 1s non infectious Indeed 1t 1s very difficult to be certain that this viral
component 15 not denved from nfectons virus which when synthesized
was rapidly converted mto a non mfecttous form by some mechanism per
haps connected wath cell damage

DR GOTTSCHALK Dr Burnet has asked me to make the following contnibu
tion to this discussion on recombination

We bave been studying the ph of double of

from mixed nf for the past two years Reference to

1t 15 made m Frazers (1953) paper and another 1s tn the press The

phenomenon 1s well shown m de-embryonated egg experiments usiag our

standard M--/WS— muxture Under these circumstances the mfectinity of
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the first eycle fluid 15 low and the great bulk of the doubly neutraluzable
hemagglutimn must represent mcomplete virus Passage 1n first cycle de
embryonated egg expenments 1s therefore only posstble for two or at most
three generations We have never obtamed a true breeding clone of virus
showing the doubly neutralizable character and are inchned to regard the
phenomenon as quite different from true recombmation

Our current hypothesis 1s that all or most influenza virus particles carry
more than one complete genome and that where these differ, the progeny
derived from an mfected cell will contan all possible combinations If the
two genomes are X and Y then (taking all virus particles as havmng 2
genomes as the simplest case) the progeny will include XX XY and YY
genomes and the character of the flud b d by 1
a single XY particle will depend on a competition for selective survival
amongst the various combinations We have evidence of such a process
the results of the cross M--/WS— in de embryonated eggs The rauo of
MEL to WSE recombinants obtamned 1s always strongly mn favor of MEL
the values ranging from 3 1 to 10 1 Smce we can see no reason why these
genomes should not be produced n equal numbers the discrepancy 1s best
ascribed to the liberation of heterozygotes from the doubly infected cells
and the sut mayor ad ge of ygous MEL over any other

If all comb are 2t random and all virus diploid the

ratio of MEL WSE in harvested flurds from single particle mfections would
theoretically be 9 1

DR SABIN I would like to go back to the suggestion that Dr von Magnus
made as an alternative explanation as to what happens after the use of
large mocula that 1s that you get another type of variant instead of an
incomplete virus The difference would be that the vamant would still be
able to multiply Iike the complete virus but 1t would not possess some of
the other properties What I would like to ask 1s whether Dr von Magnus
has used only one method of testing mfectivity If we it our host range
to the chick embryo and 1f we limit the effect of mnfection to production of
hemagglutinin no matter what method we use 1t 1s after all possible that
if we had another mode of testing for the capacity of multiphication some
of these virus particles might still be found to have the property of mul

tiphication I say that because m our own work we have found that 2
poliomyelttis varus can lose 1ts capacity to multiply 1 the mouse but still
multiply n the monkey and do many other things Another thing that T
want to bring up here 1s this  that m the work with neurotropic virus hemag

glutimng we found the very opposite phenomenon Thus Western equine
encephalits virus produces a good deal of hemagglutimn and has a high
Jevel of multiphcation After several passages in mice less than six with
large mocula we lose the hemagglutinin altogether—just the reverse On

the other hand with small mocula hemagglutinn production will go on
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longer In this ease then we have lost the hemagglutiun property but have
a vamant which multiplies ot a higher Ievel than before the hemagglutinin
was lost Now Dr ven Magnus countered this suggestion by saying that af
that were trte why shouldn t such an influenza vanant overgrow 1 five or
six passages Well 1t may take longer Idid ask some quesuens Yhope Dr
von Magnus

DR PREBEN VON MAGNUS Well concerning the first question testng other
ammals—we have of course titrated suspensions of mcomplete and com
plete virus 1n muce too Actually 1t 15 much more fun to do it that way
because you get a noted interference phenomenon m mice so you can
actually detect your mcomplete vitus 1o suspension just from thus auto-
mterfercnce We have not tned any other methods and I must confess that
1 do not believe that 1t will be possible to obtam a pure culturs of incom

plete virus even with conunued passage We have tned to concentrate
1nocula from the fifth and sixth passage by high speed centnfuganon hoping
1 that way to produce pure cultures of incomplete virus vanants but we
have never succeeded 1n 1t

MR BAWDEN With every plant virus that has been studied intensively dur
mg the Jast 10 years analogies have been found for the things Dr Magnus
1s callng 1ncomplete viruses We have however been careful not to use
such a term for incomplete  immature and such other words all carry
wphcations that present knowledge cannot justfy We have identified
specific products 1n infected plants that resemble one another 1 vanous
respects but differ m therr ability to nfect healthy plants and we have
sunply called our products mfective or non mfective The non infective
particles of turmp yellow mosaic virus which lack nucleic acid mught per
haps be aptly called imcomplete but wath most viruses we do not know
why some particles lack infecimty A car with 1ts brakes on will not mose
but that does not justify calling st incomplete Also with no plant virus 1s
there any evidence to show whether the non fectve particles are produced
as stages 1n the synthesis of infective particles by the breakdown of 1
fective particles or whether they are produced as such and pever would
have become or never have been infective particles Also and here per
haps T am making the same pownt as Dr Sabin because they do not infect
healthy plants 1t cannot therefore be assumed that they had no biological
activities m the cells where they were synthesised

Dr Luna has playfully Iikened infection by a phage to a woman gomng
mto a shop to buy a new coat 1 welcome sumiles when they are apt but this
one seems to be simply musleading It 1s possible just to imagime 2 woman
taking off her coat and throwing it away outstde the shop but the mext
steps no What woman would enter a small shop to get a coat exactly like
the one she has been wearing? And a shop stocking only one coat which
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several hundred other women were also gomg to get? The nfecting phage
1s not playing the role of a customer in a shop It 15 more 1n the position of
a new owner who decides what the shop shall make and sell who designs
the coats and has sufficient influence to ensure that they fit and are sold
By nfecting a bacterum the whole organisation of the cell 1s altered 1t
comes under new management and produces new goods
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Cellular Metabolism and Virus Growth

F C Bawden

{ Station F den Herts England

‘The abitty of plams 1o survive and grow 18 widely differing enwiron
ments combined with their rapid responses to changes 1n aillummation
temperatute and nutnition makes them excellent subjects for demonstrating
how intimately all phases of virus diseases depend on the metabolism of the
host cefls Further as infectons n many hosts are not lethal and they
proceed uncomplicated by the concurrent formation of antibodies wirus
multiphcation can be studied ovet unusually long periods

Agamst these favourable features must be se1 some disadvantages that

l the of results Prime among these
1s the need to wound leaves as a prelumnary to mfecting them there 1s no
way of knowmg particularly in the early stages of mfection how many cells
are infected and 1t 1s rarely possible to decide 1f an mcrease 1n the amount
of extractable virus occurs because more has been produced in cells already
mfected or because more cells have become infected Another complication
15 that virus can be assayed only n extracts made by macerating infected
tissues Frrors can apse because a constant proportion of the virus may
not always be extracted from the leaves because the method of assay may
not detect all the specific particles present or because the process of ex
traction introduces artefacts Work with several different viruses has shown
that extracts from mfected leaves contain a range of serclogically related
particles not all of which are infective 8 The ongn of the non infective
particles 1s still tn doubt With some wiruses the rato of non infectrve to 10
fective matenal seems reasonably constant but wath the Rothamsted tobacco
necrosts virus 1t can vary widely with the treatments accorded to the
extracts and with the condition of the leaves from which the extracts were
made tests also \ve mislead about

g
the extent of virus multiphicatton because extracts of many plants contamn
substances that inbibit infection

59
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The multiplication of only a few of the known plant viruses has been
studied 1 any detail but these suffice to show the dangers of generahsations
and that there are great individual differences Almost the only common
feature seems to be a peniod after infection before any new virus becomes
detectable The length of this perod, dunng which exther no wirus 15 de
tectable m the leaf extracts or the amount decreases with wmcreasing time
depends on the 1dentity of the virus and host at about 20 1t 15 less than
12 hours for Rothamsted tobacco necrosss virus 1 French bean and about
24 hours for tobacco mosaic virus in tobacco Once new virus becomes
detectable 1t mncreases rapidly at first and then more slowly to reach a
maximum concentration that varies enormously with different viruses and
hosts It 1s perhaps worth noting here that virus host combmations which
produce the largest yields of virus do not necessanly also display the most
severe diseases With any one virus 1n the same host however differences
i disease wntensity more often than not are correlated with the amount of
virus produced Many viruses reach higher concentrations m leaves that
were well developed when they became mfected than they do m those
infected at the stage of buds

Present evidence suggests that the extent to which viruses accumulate
m vivo 1s related to their stability m vitro Only viruses that are stable i
vitro seem to reach high maxima which are then mamtained over long
periods Viruses that denature rapidly in leaf extracts usually reach much
smaller maxima potato virus Y 1n tobacco for example only a thousandth
or so that of tobaceo mosarc virus Some unstable viruses occur 1 sys
termieally nfected leaves at about the maximum concentration over Jong
periods but others decrease steadily i amount as the infected plants 2ge
Like the normal leaf proteins they are probably i a contmuous state of
flux so that their concentration reflects the balance between synthesis and
degradation with the balance at any given time bewng set by the metabolism
of the host cell Stable viruses such as tobacco mosaxe seem less dynamic ©
However even when present m large quantities and not increasing in total
amounts they seem not to be entirely static for thetr constitution can be
affected by changing condittons 1n the host cells 14

Most of the references 1n the hterature to effects of changing host plant
metaboltsm on virus diseases descnbe eflects on symptoms I shall not be
concerned with these except to say that the type and sevenity of symptoms
can be altered out of all by ch the cond, P lart
of temperature and Wlumination under which infected plants are kept To
take one example Around 20 tobacco mosaic virus causes m Nicotiana
glaninosa only the necrotic local lesions that are commonly used n assays
‘Above 30° infection 1s no longer lethal the plants become systemically

infected and develop a yellow mottle When mottled plants that have been
2t30 are placed at 20 they collapse and die within a day ** *
E ts to find how phibility to infection and how the extent of
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wirus multiphication are affected by changes in the state of host plants have
been d to h 1 ble viruses that can be assayed
quantitatively Most have been made with tobacco mosac virus and how
far the results apply at all generally ts unkn Ewvid, 15 if

that different varuses multiply preferentially in dufferent tissues Some leaf
hopper transmutted viruses sugar beet curly top for example seem to occur
predomunantly in the phloem 1° by contrast some aphud transmutted viruses
seem to occur pred Iy 1n the leaf ep and tobacco mosaic
virus more or less uniformly through the leaf 2 Such different distnbutions
make 1t unreasonable to expect a umform response to changes 1 the host.
There 1s however dant evidence with mech viruses
that both the ease with which infection occurs and the extent to which the
viruses multiply are closely related to the physiological state of the host
There 1s much evidence too that the condition of cells that favours one
process does not necessanly also favour the other Indeed the two can be
affected so differently by changes 1 the host that 1t 1s dufficult to avoud the
assumption that some happemings essential for intiating tnfection dffer
fund

from those for the synthesis of new virus Good
ples of these d come from exp 1 which plants were
kept under different of and

Effects of Varymng Nlumnation

If healthy plants are kept in darkness for a day or more before their leaves
are moculated with viruses their susceptibulity as measured by the num
bers of local lesions produced by a given moculum may increase ten times
Putung plants i the dark immediately they have been moculated does
not 1ncrease the lesion numbers but usually decreases them shightly ¢ If
the moculum has been parttally mactivated by exposure to ultraviolet
radiation then the decrease may be considerable depending on the virus
used With tomato bushy stunt or tobacco necrosis viruses but not with
tobacco mosaic irradiated mocula may produce ten or more times as
many lestons 1f the inoculated plants are exposed to daylight as if they
are kept 1n the dark (Table 1) 7 As with bactenophages 13 the infectivity
of the yrradiated plant viruses 1s not increased by exposing the mnoculum
to visible light Thus the mcreased number of mnfections occurs because
of some hight sensiive mechanism 1m the host cells whose operation de
cides whether or not particles already 1n the cell can act i a manner that
allows them to be recogmised as viruses There 15 no conclusive evidence
10 indicate whether 1t does so by reversing some change 11 the particles
that was caused by the ultzaviclet or whether 1t Temoves some barner to
infection 5o that damaged particles can become established

Visible hght also favours virus mul and leaves 1!
with tobacco mosaic or tobaceo necrosis viruses produce more virus per
lesion 1f they arc mn dayhght than if they are 1n the dark Many diverse
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The multiphication of only a few of the known plant viruses has been
studred 1n any detal but these suffice to shaw the dangers of generalisations
and that there are great mdividual differences Almost the only common
feature seems to be a period after infection before any new virus becomes
detectable The length of this penod during which exther no virus 15 de
tectable in the leaf extracts or the amount decreases with ncreasing time
depends on the tdentity of the virus and host at about 20° 1t 1s less than
12 hours for Rothamsted tobacco necrosis virus 1n French bean and about
24 hours for tobacco mosaic virus 1n tobacco Once new virus becomes
detectable 1t ncreases rapidly at first and then more slowly to reach a
maximum concentration that varies enormously with different viruses and
hosts It 1s perhaps worth noting here that virus host combmnations which
produce the targest yeelds of virus do not necessanly also display the most
severe diseases With any one virus 1n the same host however differences
m disease intenstty more often than not are correlated with the amount of
virus produced Many wiruses reach higher concentrations in leaves that
were well developed when they became imfected than they do s those
fected at the stage of buds

Present evidence suggests that the extent to which viruses accumulate
n vvo s related to their stability iz vitro Only viruses that are stable i
vitro seem to reach high maxima which are then mamntamned over long
pertods  Viruses that denature rapidly in leaf extracts usually reach much
smaller maxima potato virus Y 1n tobacco for example only a thousandth
or so that of tobacco mosaic virus Some unstable viruses occur m sys
temmcally nfected leaves at about the maximum concentration over long
pertods but others decrease steadily in amount as the wnfected plants age
Like the normal Jeaf protems they are probably 1 a contmuous state of
flux so that their concentration reflects the balance between synthesis and
degradation with the balance at any given time being set by the metabolism
of the host cell Stable viruses such as tobacco mosaic seem less dynamic ?
However even when present 1n large quantities and not sacreasing 1n total
amounts they seem not to be entirely static for their constitution can be
affected by changing conditions m the host cells 14

Most of the references 1n the literature to effects of changing host plant
metabolism on virus diseases describe effects on symptoms I shall not be
concetned with these except to say that the type and seventy of symptoms
can be altered out of alt by ch: the di P farl;
of temperature and illurmnation under which infected plants are kept To
take one example Around 20° tobacco mosaic virus causes i Nicouana

glutinosa only the necrotic local lestons that are commonly used 1n assays

Above 30° nfection 1s 1o Jonger lethat the plants become systemicafly

infected and develop a yellow mottle When mottled plants that ‘have been
at 30° are placed at 20 they collapse and die within a day 3¢ t
Experiments to find how susceptibility to nfection and how the extent of
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wirus multiplication are affected by changes i the state of host plants have
bee H 1 \

n d to le viruses that can be assayed
quantitatively Most have been made with tobacco mosace virus and how
far the results apply at all generally 15 unk Ewid 38

2

that different wviruses multiply preferentially in different tissues Some leaf
hopper transrmstted viruses sugar beet curly top for example seem to occus
predomnantly 1n the phloem !° by contrast some aphid transmutted viruses
seem to occur pred 1 the Jeaf epid and tobacco mosaic
wirus more or less uniformly through the leaf ? Such different distnbutions
make 1t unreasonable to expect a umform response to changes 1 the host
There1s however dant evidence with mech 1l d viruses
that both the ease with which wfection occurs and the extent to which the
wiruses muluply are closely related to the physiological state of the host
There 18 much evidence too that the condition of cells that favours one
process does not necessanly also favour the other Indeed the two can be
affected so differently by changes in the host that 1t 1s difficult to avoid the
assumption that some happenings essential for mmtiating infection differ
fund. from those ble for the synthesis of new virus Good
examples of these differences come {rom expenments m which plants were
kept under different cond; of and

Effects of Varymg Illummation

1t healthy plants are kept 1n darkness for a day or more beforc their leaves
are wnoculated with viruses their susceptibility as measured by the num
bers of local lesions produced by a gaven moculum may icrease ten ttmes
Putung plants m the dark immediately they have been inoculated does
not mcrease the lesion numbers but usually decreases them shghtly ® If
the 1noculum has been partally mactivated by exposure to ultraviolet
radiation they the decrease may be considerable depending on the virus
used With tomato bushy stunt or tobacco necrosis viruses but not with
tobacco mosaic uradiated mocula may produce ten or more times as
many lestons 1f the moculated plants are exposed to daylght as if they
are kept n the dark (Table 1) ¥ As with bactenophages 1* the infectivity
of the nradiated plant viruses 15 not ncreased by exposing the moculum
o vistble light Thus the increased number of infections occurs because
of some hght sensitive mechamsm 1n the host cells whose operation de
cides whether or not particles already in the cell can act 1n 2 manner that
allows them to be recogmsed as viruses There 13 no conclusive evidence
0 mndicate whether 1t does so by reversing some change 1o the particles
that was caused by the ultraviolet or whether 1t removes some barrer to
infection 50 that damaged particles can become established

Visible hight also favours virus multiph and leaves 1’
with tobacco mosaic or tobacco necrosis viruses produce more virus per
lesion 1f they are i daylight than if they arc 1n the dark Many diverse
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The multiphcation of only a few of the known plant viruses has been
studred m any detail but these suffice to show the dangers of generalisations
and that there are great mdividual differences Almost the only common
feature seems to be a period after infection before any new virus becomes
detectable The length of tlus penod durmg which erther no virus 1s de
tectable 1n the leaf extracts or the amount decreases with increasing tume
depends on the identity of the virus and host at about 20° 1t 15 less than
12 hours for Rothamsted tobacco necrosis virus 1n French bean and about
24 hours for tobacco mosaic virus m tobacco Once new virus becomes
detectable 1t mncreases rapidly at first and then more slowly to reach a
maumum concentration that vanes enormously with different viruses and
hosts It 1s perhaps worth noting here that virus host combmations which
produce the largest yields of virus do not necessanly also display the most
severe discases With any one virus m the same host however differences
n disease mtensity more often than not are correlated with the amount of
virus produced Many viruses reach higher concentrations in Jeaves that
were well developed when they became infected than they do i those
mfected at the stage of buds

Present evidence suggests that the extent to which viruses accumulate
1 vivo 1 telated to therr stability i vizro Only viruses that are stable i
vitro seem to reach high maxima which are then mamntamed over long
periods Viruses that denature rapidly 1n leaf extracts usually reach much
smaller maxima potato virus Y 1n tobacco for example only 2 thousandth
or so that of tobacco mosaic virus Some unstable viruses occur In sys
temically infected leaves at about the maxunum concentration over long
pentods  but others decrease steadily m amount as the nfected plants age
Like the normal leaf protens they are probably i a continuous state of
flux so that therr concentration reflects the balance between synthests and
degradation wath the balance at any given tune bemng set by the metabolism
of the host cell Stable viruses such as tobacco mosaic seem less dynamic °
However even when present 1n large quantittes and not mereasing in total
amounts they seem not to be entirely static for their constitution can be
affected by changing conditions 1n the host cells ¢

Most of the i the to effects of ch host plant
metabolism on virus diseases describe effects on symptoms [ shall not be
concerned with these except to say that the type and severity of symptoms
can be altered out of all by ch the P {
of temperature and ilturmmation under which infected plants are kept To
take one example Around 20° tobacco mosaic virus causes 1 Nicotana
glutinosa only the necrotic local lesions that are commonly used m assays
Above 30° mfection 1s no longer lethal the plants become systemically

infected and develop 2 yellow mottle When mottled plants that have been
at 30° are placed at 20  they collapse and die wathin a day 1¢ 1
Expenments to find how susceptibility to infection and how the extent of
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with viruses  After some hours exposure to wsible hght the effect dis
appears the epidermal cells regam thewr ongnal susceptibility and pro
duce lesions if agamn noculated with virus ® It 1s significant that virus
troduced durmg the refractory period when the normal nucleoproten
metabolism 15 presumably disturbed by the effects of exposure to ultra
violet does not simply rematn dormant and then proceed to multiply
when conditions 1n the host agam become favourable Apparently some
step essential to fection cannot be postponed if 1t 15 not taken soon after
wirus enters a cell the particks seem to be destroyed or in some way
rendered ineffective Some physiological states of the host encourage this
first step which may be combmation or fuston with some specific cell
component others such as the changes caused by ultraviolet discourage
1t The vard substances that mhibit infection when present 10 inocula
also may operate by discouraging this first step Their ability to prevent
infection from occurring dupends on the 1dentity of the host plant mocu
Tated rather than on the sdentity of the virus and as some inhibitors seem
not to affect the virus particles directly 1t scems they act by altering cell

b so that duced virus 15 p ded from estab

lshed ?

Effects of Varying Temperature

Exposing plants to high temperatures has effects that somewhat re
semble those produced by keeping plants in darkness When healthy plants
are kept at 36 before they are inoculated their susceptibshty to mfection
by all the wiruses yet studied 1s much increased Also when plants are
placed at 36 after moculation fewer lesions occur than if they are placed
at20° but the effect 1s usually larger than by excluding hight and 1t varies
much more with individual viruses some of which regularly fail to cause
any lesions at 36 (Table 2) 18 The ability of viruses to infect plants at
36 15 not correlated with their resistance to heat m vitro as measured by
the customary method of finding the temperature at which mfectty 1s
lost after 10 minutes exposure Tobacco necrosts and tomato bushy stunt
wiruses which do not form lesions when inoculated plants are kept at 36
have thermal mnactivation ponts of more than 80  as high or almost so
as tobacco mosaic virus whereas tomato spotted wilt virus which forms
lesions 1 plants at 36 has a thermal pactivation pomt of 45 It may
be correlated with 2 low of thermal
for tobaceo necrosis bushy stunt and cucumber mosaic viruses alf share
this property whereas tobacco mosate virus does not However as negther
tobacco necrosis nor bushy stunt viruses are mactivated in sap by 1 day at
36° 1t seems that the cell metabolism at 36 1s such that some mechamsm
essenhial for the multiplication of these two viruses ceases to act oc acts $0

poorly that the usual balance between breakdown and synthesis 1s drasti
cally changed
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Table |

EFFFCTS OF EXPOSING HOST PLANTS TO DAYI (GHT BEFORE AND/OR AFTER INQCULATION
WITH UNTREATED AND WITH ULTRAVIOLET IRRADIATED VIRUS PREPARATIONS

RTNV in Frenchbean  TBSV in N glubinosa TMV in N glutinosa
ore

Before 1 Bejore Befe
Dark Light Dark  Light Dark  Light
Dark after A 24 65 195 3 23 13
woculation B 145 25 8 07 10 8
Lightafter A 24 115 84 75 50 125
moculation B 41 26 85 9 34 7

The numbers are mean numbers of lesions per leaf obtained on twelve to fourteen
half leaves
A untreated virus at 1 mg /1 RTNV (Rothamsted tobacco necrosis virus)
5mg 1 TBSV (Tomato bushy stunt virus)
1mg, I TMV (Tobacto mosaic virus)
B arradiated virus at 100 mg /1 RTNV
500 mg /1 TBSV
100 mg /1 TMV
Light the plants were exposed to uncontrolled dayhight

Dark the plants were kept i darkness for 24 hrs

remain to be and we can do no more than guess
at the reasons for light having such diverse effects depending on whether
or not leaves are exposed to 1t before or after they are moculated While
1n the dark products of photosynthesis and ascorbic actd will be decreas

mg and p will be d the ptibility of leaves to
wounding when they are moculated may also be increased Any or all of
these may make 1t either easier for virus particles to enter epidermal cells
when a leaf 15 rubbed or to become established as soon as they have
entered Virus synthesis presumably calls for a source of energy and the
d prod of virus by 1l mfected leaves may simply

reflect the use of photosynthenc products as sources of energy
The light sensitive h that allows ut let d d particles
to mfect 1s presumably the same one by which irradtated leaf cells counter
act the damage ultraviolet causes to them 1t 15 of some interest that while
repainng thetr own damage 1rradiated leaf cells resist infection by viruses
to which they are normally susceptible Here agam the metabolic state
of the host cells determines whether or not introduced particles can mul
tply Leaves exposed to ultraviolet for short penods show no external
signs of myury unless they arc placed n darkness when therr epidermal
cells die 1€ kept 1n daylight after wradiation an effect becomes evident
by the failure to obtan mfection when the leaves are inoculated

only
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1ts concentration may normally be d enly by d th
Whether multiphication fails at 36 because the virus 1s directly wactivated
by the hugh temperature of because of a more indirect effect operating
through some enh d activity of the b ils 15 unk ‘Whatever
the cause the pracucal comscquence i that virus {ree plants can be e
generated from parents systermcally wfected with some of the muost heat
resistant viruses 1€ as an odd paradox thag the only practical therapeutie
treatment yet found for any virus diseases of plants should be one that
1 also most effectine in wmcreanng the suscephbilaty of healthy plants to
nfecton

Effects of Nutntion and Thiouract

The nutntion of plants affects both their susceptibility 10 infection and
the extent to which tobacco mosaic virus multiplies *¢ In general both are
mereased by wcreased mineral nutrients if these also stmulate the growth
of the plants The eHects of susceptibiity to infection are small compared
with those occaswoned by changes m temperature and dlummation but
effects on virus i are derable  In artrogen~defictent
plants tobacco mosaie virns largely replaces the normal leaf protens and
10 systemically infected leaves particularly if they have abundant phos
phorus 1t may amount fo more than two-thirds of the total proten When
extra mtrogen i provided the viruscontent of the leaves increases but
the normal protems ncrease proportionally more so that although the
vires concentration can be doubled the ratw of wizus fo total protey
may fall to less than { 10 4 Many of the normal leaf proteins seem to be
dispensable 1 so far as the celf can sull fonction when they are mot
produced or are produced 1n much smaller guantities than usual and the
syathesis of the virus takes precedence over these Some workers have
regarded the protesns that are replaced by the virus as virus precussors
but there s no evidence to support the view that any proteins of the
healthy cells are transformed directly smto virus The only relationship
between the two 1s that they are built from simular substances and that
mfection diverts some that would otherwise have gone mto one kind of
protesn into another Whether viruses that occur m much smaller amounts
than tobacco mosaic virus produce comparable changes m the pattern of
the normal protemns has not been studied Nor s it known whether thesr
multiplication would be sumlarly affectsd by changes m host nutntion but
the concentration of potato virus X m systemucally infected plants was not
consistently affected by fertihisers ¢

Recent work on the multiphicaton of plant wiruses has been done 1w
creasingly with detached inoculated leaves or preces of leaf kept s water
or solutions of varions sub: Thiz atiows d to be more
accurately controlled than when usmg whale plants and faciitates testng
the cffects of diffusible substances on virus myltplicauon How far the
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Table2

EFFECT ON MEAN NUMBER OF LOCAL LESIONS OF KEEPINC PLANTS AT 36 BEFORE OR
AFTER INOCULATION WITH VARIOUS VIRUSES

Plants at 36 Plants at 36
Virus & host Before inoculation After moculation
Control lday 2days Control 1day 2days

Rothamsted tobacco necrosis

virvs 1n bean 2 29 46 69 0 0
‘Tomato bushy stunt virus i

N glutinosa 18 83 97 65 9 2
Cugumber mosaic virus

tobacco 15 45 78 144 [} 0
Tobacco mosale virus m

N ghitinosa 32 98 1t 25 18 1%
Tomato spotted wilt virus in

tobacco 86 197 165 173 121 96

Prolonged exposure to high temperatures has long been used thera
peutically to free some plants from systerme virus diseases 1 but nothing
was known of the stabilty of the causative viruses and it was generally
assumed they had low thermal mnactivation pomnts It 1s now clear that
the ability of viruses to survive m plants at high temperatures 15 no sure
guide to therr heat resistance i vitro When plants systemically nfected
with tomato bushy stunt virus are kept at 36° the mfectvity of leaf ex
tracts falls steadily the amount of matenal serologically related to the
virus falls too though more slowly than infectivity (Table 3) ** This

Table 3

THE DECREASE IN VIRUS CONTENT OF SAP BY EXPOSING PLANTS SYSTEMI
CALLY INFECTED WITH TOMATO BUSHY STUNT VIRUS To 36

Mean number of lesions per leaf with sap
diluted

Time at Precipuin titre

36 of sap* k] Yo Yoo 000
0days 64 — -— 101 24
P 32 — 69 22 5
8 2 23 3 4 —
16 = 2 o 1 o —

# Numbers are the reciprocals of the hughest dilution at which the sap
precipitated specifically with the virus astiserum
sarus also loses nf i vitro at well below 1ts thermal
Jnactivation pomt but 1n these d the precip titre 18
It scems then that host cells contan mechamsms that can break down
such a stable virus as tomato bushy stunt and at lower temperatures

even
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Tabled

DIFFERENCES §N THE EFFECTS OF TRIGLRACIL ON THE MLLTE
PLICATION OF TOBACCO MOSMC VIRLS (N LRAVES TREATED
DIFFERENTLY

Leoves heptin

$arer Naut lent sotution
‘ ‘Water only 64 Nutrient only il
Dayhght | Thiouracit 8 Thiovraci 1
{ (0omg 1
Wacronly 48 Natnient 18
Darkness ’ Thousacd 32 Truuract

Treatments were started 1 day afier 1he Jexves were mocy
lated and the leaves were macerated & days Jater Numbers are
the reciprocals of highest diutions a1 which clafied sap pre
aprtated speafically w th vsrus antiserum

No eniteal tests have been made but virus already Tormed seems to be
unaffected and when the thiouracii 1s removed the virus agaim starts to
mcrease

When mature healthy kaves are sprayed with ot placed in solutions
of thiouracl they show few or no signs that their metabohism has beest
much affected bat the young leaves of growng plants become bieached
and apical growth 1s stopped These effects appear not to be correlated
with the faifare of virus multphcation for they are not counteracted by
applying uracil ssmultancously with thiourac That thiouracil can affect
mature leaves 15 shown by applying st to meculated leaves sn which 1obacco
mosaie virus has already begon to muliply Normally the virus produces
10 lesions m moculated tobacco keaves but when these are sprayed with
thiowracit at different times after moculation they develop necrouc spots
and mngs the size of which ncreases with mcreasimg time between the
time of wmoculation and applycg duouract Agaun there may be no se
fanonshup between this effect and fmlure of virus synthesis for the simul
taneons apphieation of uracd which aliows virus formation to proceed
does not prevent the formation of the necrotic festons

Both tuocuracl' and guanozolo’® have been found to be neorporated
m the nuclesc acsd of tobaceo mosaie virus produced mn leaves treated with
them This discovery has noturally fed to the suggestion that virus mal
Bptication 35 wstubited because particles contamung these foseign com
ponents are sterile  There s however Iittle evidence as yet that vires
particles these sub do differ by ly from: pormal
ones and the small amount of tobacco mosawc virus that ss produced m
leaves treated wath thwuracid a day after tnoculation i certanly not ail
nonwmfective Indeed wewght for weight 1t scems not appreciably less
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results from such experiments can be directly transferred to mtact plants
however 1s uncertam for placing leaves 1 water tself alters their re
sponses to infection If leaves are immersed soon after they are moculated
mfection occurs at fewer sites than if the leaves are left in aw The pro-
portional decrease depends on the state of the leaves for example young
leaves of Nicotiana glutinosa are much less affected than old ones Infec
tion seems not to fail in mmersed leaves simply because virus particles
diffuse from the noculated cells into the ambient flud but rather be
cause the metabohsm of the cells 15 changed for immersed parts of leaves
produce more lesions if other parts are exposed to the air than if the
whole leaf 1s immersed The number of nfections 1s not affected if float
g 1s delayed for a day or so after the leaves were moculated so here
agam there ts evidence of condttions that mterfere only with some early
stage 1n infection Unfortunately the interpretation of all such effects with
moculated leaves 1s uncertain The problem 1s to decide whether some
entirely different hind of process 15 mvolved early m infection from those
later wmnvolved 1n virus synthesis or whether the effects occur sunply be
cause early n infection the viruses are present only 1 the epidermal cells
where therr activities may be more readily mterfered with than when they
have reached less superfictal cells So far from having any deleterious
effect on the course of mfection floating leaves a day after they are m
oculated with tobacco mosaic virus increases the rate at which the virus
multiplies Again the total amount of virus produced depends on the
physiological condifion of the infected leaves Leaves placed 1n solutions
of sugar and phosphate may contain stx days after mfection four times
as much virus as leaves placed m water and kept dark

Although many substances are known that mhibit infection when m
oculated simultaneously with the viruses very few have been found to
mfluence virus multiphcation when applied to leaves after they have been
moculated Of these the most interesting are the pyrimdine and purmne

of which th I't1 and 10'® have been the most

studted We have used only thiouractl and have fully confirmed the fact
that 1t can nhibit the multiphcation of tobacco mosaic virus m tobacco
leaves and that this mht can be d by ly ap
plyng uracil We have found however that the extent to which thiouracil
inhibits virus formation depends a great deal on the physiological state of
the mfected leaves If the leaves are in conditions that encourage virus
multiplication for example floated 1n nutrient solutions and exposed to
daybght then touracil 1s very effective and almost stops virus formation
but if the leaves are 1 cond: less f: for virus
for example 1f they are floated m water and kept dark then thiouracil
only slightly reduces the rate of virus formation (Table 4) ® Thiouracil
can check the increase of tobacco mosme virus at any tme up to the peak
of virus production ‘but 1t has most effect when apphed eatly in infection
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need to do 1s become a part of the system that controls what 1s produced
by the protetn synthesising mechansms of the cell Oa this view it s easy
to account for the fact that so many treatments that facilitate the occur
rence of infection do not also encourage virus muluplicatton Two quite
distimet processes may be involved Establishing infection may entail link
g or fusing the introduced virus or specific parts nl 1t with the units
that presiously lled the cells a 1
change comparable to acquinng some new genes Allhough virus produc
tion would be a consequence of this change 1t would be a very different
process It would be one end product of protemn synthesis by the cell the
amount of virus produced would reflcct the activity of ﬂus synthests and
the extent to which the new h of the
end products The view that viruses do not depend on lhe host simply for
a supply of metabolites but also for the mechamisms by which they are
th fits present k ledge but I hope 1t will prove unfounded
This 1s not because T have any philosophical prejucices m favour of
viruses bemng orgamsms with mdependent activties but because I think
the th would be so much better if

they were
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mfective than virus formed mn untreated leaves Virus particles are not
the only components of infected cells 1n which these substances are likely
to be mcorporated and as thiouracil does disturb the host metabolism 1t
1s still reasonable to Jook for 1ts action m this disturbance Particularly 1s
this so as the action of thiouracil seems to depend on the phystological
state of the host and any specificity m its inhubiting power seems to be
determuned by the host rather than by the virus It mhubits the multiphca
uon of all the viruses we have tested 1n tobacco but of none m beans
although one tested 1n beans was a tobacco necrosis virus which 15 10
hibited 1n tobacco 3
Such facts emphasize the importance of host cell metabolism m de
termuning virus multiplication and they suggest that thiouracil interferes
with this mul by the syntt h of the host
but they do not prove 1t Other nterpretations are equally plaustble
Virus partrcles that contam thiouracil may be able to multiply n one host
but not 1n another Beans may coutain more uracil than tobacco and
tobacco leaves floated 1 water and kept m the dark may contam more
than leaves floated m nutnent solution 1n the light so that they are better
able to the inhit action of ] These things can be
tested and no doubt answers will soon be obtmned Our prelimunary tests
show that free uracil and other pynmidines and purines disappear from
Jeaf cells 1n which tobacco mosaic virus 1s being produced m quantity
However there 1s no that virus p erther 1 normal
leaves or those treated with throuracil ceases because uracil 1s lacking
Free uracil can be detected 1n extracts from unmfected Jeaves and from
moculated leaves m which th has p d virus
It 15 not detectable m extracts from leaves m which much viros has been
formed but supplying extra uracil does not increase the amount of virus
produced
Further studies on the action of such substances as throuracil clearly
promuse to give much mformation on the mechamsms mvolved m virus
and on 1ts hips with host-cell metaboltsm They
may too disclose possibilities of chemotherapy for virus diseases I am
not too optmmistic about this however because I fear the viruses may
have too few mdependent actmtres for them to be stopped by chemucals
that do not also seriously disturb the host at Jeast temporanly It 1s true
that many diseases caused by bactena and fungi are also greatly snfluenced
by the physiological state of the host plants and nothing I have described
necessitates the view that virus multipl must differ 1
from the growth of other kinds of pathogens Nevertheless taken with the
knowledge that all the plant wiruses whose constitutton has yet been de
termmed are nucleoprotemns 1t seems more reasonable to regard virus
diseases as in the protemn bolism of the host than as the
growth of independent parasttes on a host ® All that vruses may do or
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Intraduction

This paper describ of the h y of wisus re
dupheation which are based on the specsal experimental advantages af
forded by tobacco mosme virus

The plant viruses of whtch tobacco mosaic 18 the best known are dis
tinguished from other wiruses by therr relative sunphcity Tobacco mesate
virus {TMYV ) 1s composed whoily of a speaific protem and 2 pentose nuclerc
aced The buological propesties of the sirus (reduphcatan mutability ac
ton on the host) are nwcessanly derned from the whole or some past of
this aucleoprotein For this season the replication of a virus such as TMV
can be deait with as a process of nucleoprotein synthesss the mitiation and
speafiaty of which s determined by the entry of a virus particle mto a
sutable host cell In this sense TMV reduphication represented 2 virus
indoced change in the host s pattern of protein metabolism

The relatively umple compostuon of TMV and the ease with which the
virus 18 wsolated from wfected tissue has led to quantitatve descraption of
the ammo acd compositon of the vizus protein and the nucleotidk. com
posttion of its nuclerc acd It 13 posuble therefore to speeify the chemical
tequuemants of any source matenal from which TMV 15 made

Guven these and refated advantages the followang experunental strategy
can be used as 2 means of descnbang the biochemical events which are an
volved wn TMV reduplicatton  The protem metrbohsm of otherwise identy
eal umnfected and TMV wiected tobacco Feaf tssue 1 descnbed quantita
tvely The d with TMV reduplication can
e sorted qut from the complex array of normal pracesses by companson
of the two sets of data From these metzbolic differcuces and the con
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Introduction

This paper descnbe: of the y of wirus e
dupheation which are based on the speesal expenmental advantages af
forded by tobacco mosue vires

The plant viruses of which tobacco mosaie 15 the best known are dis
ungwshed from other viruses by theis relative smplicty Tobacco mosae
virus {TMV } 1s composed whotly of a specfic protem and a peatose nuclere
aad The biological properties of the vimus {veduphcation mutabiity ac
o on the host) are necessanly denved from the whole or some part of
this nucleoprotein For thus reason the replication of a virus such as TMV
can be dealt with as a process of synthests the and
specsficity of which is datermined by the entry of a virus partcle mto a
soitable host cell In this sense TMV reduphcation represented a virus
nduced changs in the host s pattern of proem metabohsm

The relatively ssmple composition of TMV and the ease with which the
virus 15 1solated from mfected tissee has fed to quantitative description of
the amsno acid composition of the virus protesn and the nucleotide com
position of us nuclesc acsd It 15 possible therefore to specify the chenucal
sequsrements of any source matenal from which TMV 13 made

Gnen these and related the {i 1 strategy
can be used as a means of deseribing the biocherucal events which are 1
volved m TMV redupheation The protein metabolism of otherwise sdents
cal umnfected and TMV spfected tobacco eaf tissue 13 descnbed quantita
uvely The ficall d with TMV reduph can
be sorted out from the complex array of normal processes by compartson
of the tvo sets of data From these metabohc differences and the con
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current determmation of the amount of TMV synthesized inferences can
be drawn concerning  (a) the protemn products of the i P
set off by noculation (b) the sources of mitrogen employed for virus syn
thesis and (c) the metabolic pathways which lead from mutral source to
final products The application of 1sotope tracer techmiques to such an
experimental system provides a ready means of confirmtng the conclusions
denved from metabolic comparisons

Reported below are a senes of mnvestigations which are based on this
approach From the results obtaired 1t has been possible to describe m
broad outline at least some of the biochemical events which occur when
TMYV 1s reduplicated 1n the cells of an infected leaf

Experimental

‘The source of mtrogen for synthesis of TMV protemns It is of obvious
importance to know where the mtrogen used 1n the synthests of virus pro
temn comes from One approach to this question 1s afforded by nitrogen
balance expeniments m which the overall mtrogen economy of otherwise
1dentical infected and uninfected tissue 1s compared

Such experiments can be carnted out by preparing uninfected tissue from
one half of a large normal tobacco leaf and mfected ussue from the op-
posite leaf half Discs of leaf blade are then cut from the two leaf halves
and are cultured 1n an morgamc medrum under constant conditions Com
parable infected and umnfected samples are removed from culture at daily
mntervals after the time of moculation fractionated to yield various m

Tuding TMYV 1tself) which are then determined
quantitattvely by sutable means The difference 1n the levels of the vanous

mtrogen fractions in infected and fected tissue when pared with
the time course of virus h leads to 1 the

of hips between TMV h and various aspects of mifrogen me
tabolism

Detailed expeniments of this type have been previously reported ! 2 and
only the major conclusions will be described here It was first observed®
that during the time of TMV synthesis there 1s a reduction 1 the relative
amount (1e as compared with uninfected controls) of non protein nifrogen
present 1 mfected tissue Since the major component withdrawn durng
‘TMYV syathesis was free ammonia and since the changes in other non protem
mtrogen components (1e free ammo acids and amudes) appeared to be

of the al 1t was suggested that
1s the ultimate source of TMV protem mtrogen This proposal was con
firmed by 1sotope experiments® which showed unequnvocally that the mtro-
gen of TMV proteun must be derived from tissue ammoma These results
also showed that the 1sotope content of the free amino acids and amides
was too Jow to permit these to act as d between
ammoma and TMV protein nitrogen
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This evidence d the 1 pected that
TMY protem nitrogen 1s not synthesized by means of peptide condensation
of the requisite free amuno acids It should be emphasized that the data do
not exclude the possible formation of TMV protein peptide bonds in the
commonly accepted manner from amino acid ammo and carboxyl groups
The data show only that 1f this does occur the amino acds volved are
not m equihbrium with the free amino acids but are somehow sequestered
from them perhaps by being bound to the surface of a protem or cell
particulate The diversion of normal protein synthesis which 1n the long
Tun leads to the formaton of TMV protein begias at the very lowest bio
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F10 1 Ascending electrophoretic patterns obtamed from comparable frac
tions of soluble protemn extracts of uninfected (right column) and systemically
infected (left column) leaves of N fabacum (vanety White Burley) Movement
12 to the right All preparations were iz 05 M phosphate buffer pH 70 Electro
Phoresis was carried out for 90 munutes at an average current of 8 5 ma Ultra
<entrifugation was carried out for one hour at 104 500 X g
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chemical level, with the sncorporatton of ammoma mtoe products which are
specsfic precursors of the vitus protem

The protemns synthesized an anfected fissue TMV 35 stself the chief new
product of the altered path of protetn synthesis mduced by mfection Jtis
of mterest to know whether TMV 15 the exclusive new protesn formed or
whether other non normal protemns have even 3 lemporary existence 1n
fected fissue An understanding of the number and nature of the products
15 essential to any analysis of the new protemn synthesizng system brought
mto action by the mocnlation of a tobaceo Jeaf with TMV  Also smportant
15 the possibility that smalt amounts of non virus protens not found @
noemal leaf may sigmify the occurrence of protem precursors of TMV

In order 10 gate these g we have pared the soluble
protems occurning w normat and TMV mfected tobacco Jeaf The cinel
results are summanzed m Figure 1 which shows electrophoretic pattesss
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MGM OF ANTIGEN
apthin yeachions of TMV and protein B8 with rabbst sera prepared
af :1:;(2 et Hy b TMV 7 formed by reactng
Ogs mt of anti TMV serum wath ndicated amount of TMV (pots vpper
curve) and B8 (pits sigas lower curve) Optical densiies are a1 750 mp am
represent color due to Fohn phenot reaction of precipatates in 3 m} of reagent




MECHANISMS OF INFECTION ki

of comparable protein fractions 1solated from infected and uninfected leat
In addition 10 TMV mfected leaf contams three other proteins not found
m normal tissue  All of these are low molecular weight protems (S == 3)
ATl fack nucleic acd None of the three protems 1s infectious Two of the
nomvirus protems (B3 and B6} prevputate at pH 34 the thud (Ad) 1
soluble at this pH The three protens are readily distingwished by thetr
electrophoretic mobilties

The three nonvirus proteins are close immunochemical relatives of TMY
As shown 1n Figure 2 protein B8 (a pol d form of B3) 1
with rabbit serum prepared agamst ighly punfied TMV  the reaiprocal
type of cross reactiity between TMV and anti B8 serum 1s shown m
Figure 3 Sumlar tests show that afl three nonvirus protemns will react with
sera prepared agamst TMY and protein B8 These close immunochemical
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MGM OF ANTIGEN
Fic 3 Preciprtin reactions of TNV and BS wath ant: BS serum Precipitate
formed by reacting 05 m! of ant B serum with idicated amounts of TMY
(open curcles upper curve) 2nd B8 (closed qircles Jower curve) Ordinate as
for Figure 2.
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chemical level wath the incorp of mto products which are
specific precursors of the virus protein

The proteins synthesized 1n nfected tissue TMV 15 atself the chief new
product of the altered path of protern svnthesis induced by mfection Ttis
of nterest to know whether TMV 15 the exclusive new protein formed or
whether other non normal proteins have even a temporary existence 1 1m
fected tissue An understanding of the number and nature of the products
1s essential to any analysis of the new protein synthesizing system brought
1nto action by the inoculation of a tobacco leaf with TMV  Also important
15 the possibility that small amounts of non virus proteins not found
normal leaf may sigmfy the occurrence of protein precursors of TMV

In order to these g we have pared the soluble
protemns occurnng 1n normal and TMV infected tobacco Jeaf The chuef
results are summanzed n Figure 1 which shows electrophoretic patterns
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MGM OF ANTIGEN

Fie 2 Precypitin reactions of TMV and protem B8 with rabbit sera prepared
agatast electrophoretically homogeneaus TMV Precipiate formed by reactmg
05 m! of antt TMVY serum with ndicated amount of TMV {ponts uppt(;
corve) and BS (plus signs lower curve) Optical denstties are at 750 yag an

represent color due to Fohn phenol reaction of precipitates m 1 ml of reagent
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1t had been observed previously® that the fraction of sofuble Jeaf proten
which includud proteins B3 and B6 becomes heavily labelled with N3 i
1sotope expenments thus mdicating that these proteins like TMV proper
are synthesized de novo n nfected tissue To analyze these relationships
forther expenments have been carnied out 1n which the ume-course of
formation of TMV and protains A4 B3 and B6 was followed quantita
uvely For this purpose 1t was 1o use the h 1 re
actions of the nonvirus proteins The results of one such expenment are
shown 1 Figure 4A (upper cune) Itis evident from these results that the
nonvirus protemns are not synthesized in paraliel with TMV but appear
suddenly only after about one third of the final amount of virus has been
attaned Since the nonvirus proteins appear abruptly at about 200 hours
after inoculation 1t scems kikefy that they oceur as a resuft of some qualita
e change 1n the ct of the TMV-synth g app at that tme

‘The chief conclusions to be denved from our insestigations of the non
virus of TMV redupl are that (a) The protemn syn
thesizing apparatus newly acuvated by the imoculum produces a multiphiasty
of related protemns (b) The system responsible for TMV replication nnder
goes an apparently abrupt change in character partway through the mfection
process (¢} One consequence of this change is the appearance 1n the tssue

L R IR R [ g s o

o8~ ™Y / -~

*
o8t~ / R
oAt~ . -

02f-

S

PP — 4
il S sl isura

T T T

08 |- TNSOL NUELEOPROTEIN

QALDUFERENCE INF UNINE \. R

o AN J
.
ol e [y \-0-—-—_./ R

PN S (TG TG S S SR AU S SO VAN W AU SO S
° 100 200 300

HOURS AFTER INOCULATION

Fi¢ 4B Expenment of Figure 4A Upper curve represents the uracl copfent
of the TMYV ssolated at vanious times after moculation 1ower curve represents
the difference between mfected and uminfected Jeaf with respect to the uracil
conteat of insoluble pentose nucleoproten
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ter refationshups among TMV and the nonvirus proteins are evidence that
the four proteins possess some common structural properties and perhaps
a common ongm

These results add significantly to our meager knowledge of the changes
1 host proten synthesis which are associated with virus reduplication The
occurrence in infected leaf of three nonvirus proteins absent from umnfected
tssue imposes new requirements on any proposal which putports to de

senbe the mech of TMV redupl Any of TMV
reduplication must also account for the occurrence properties and metabolic
behavior of these non 1nf of the reduy process
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he amount of various protens found 1n nutnient-cuftured tobaceo
lc,,?f,s:ﬁ ;I; vanous times after mm:ulatmﬂ1 with TMV Vu:us a4 j"m",j’ﬁ
chemucally Protemns A4 B6 and B8 c a  Jescribed
1 text The lower curve represents the differences between the nu c‘;p
extractable with 10 NaCl solution from msoluble fraction of infecte t;;suc
and comparable unmnfected samples Vafues given are based on microkyeldahl

mitrogen determinations
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Tig 5 Changes i atom ¢ N¥ 1n TMV gon protera mtrogen (NPN) 10
soluble protein (IPN) and soluble protein (SPN) of uminfected tobaceo leaf
discs (broken lines) and TMV mfected dises (solid hines) duning culture 1
N nutrient contaumng 30 atom €5 N* Values for NPN 1PN and 5PN obtamed
wihout didution with carner mitsogen mean error less than 001 atom © N*
Values for TMV based on 1 10 dilution with carrier nitrogen mean error
about = 1 atom % N* (represented by vertieal hnes through points)

Fic 6 N* content of various fractions data derived from expenment of
Figure 5 Open circles broken lines uninfected discs Closud ciecles sold lines
nfected discs

msoluble residue with 10% NaCl vanes dunng the mfccuon process thn
the differences 1n the amount from d and
infected tissue are determined at various times after ‘noculation the Jower
maost curve of Figute 4A 1s obtained This shows that infected tissue devel
©Ops an excess 1n this msoluble protein fraction which reaches 2 maximum
at about 120 hours and dechines to zero at about 220 hours

Fractionation expeniments with the protemn extractable 1n 10% NaCl
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of nuclesc acid free non infectious proteins which are close ymmunochemt
cal refatives of TMV
The insoluble protems wvolved in TMV redupheation In early
studies of the overall mirogen cconomy of infected tissue 1t was found
that an excess (as compared with controls) 1 insoluble leaf proten
appears soon after woculation? The sigmficance of this effect was
revealed by subsequent isotope experiments If N9 ensiched nutrient me
dium 18 used i 1 standard mitrogen balance experiment data are obtaned
which permit comparsson of the metabolic behavior of protemn fractions
1 infected and uninfected tissue Figure 5 shows the time course of change
in N!' ennchment of 4 fractions (TMV non protein mitrogen soluble pro-
tein mitrogen and insojuble protein mtrogen) from nfected and uninfected
leaf discs obtamned from opposite halves of the same tobiceo Jeaves The
curves show that sigmficant differences m NS incorporation are assoctated
with the mfection process This 1s more apparent from Figure 6 m which
the data have been recalculated to show the actual amount of N3 contamed
1n each fraction at various times after imnoculation These curves show that
1sotopic mutrogen 1s withdrawn from the non protein nitrogen pool when
TMV 1s synthesized Thus confirms our previous observation that ammonta
1s withdrawn from the non protein mitrogen pool during TMV protem syn
thesis Furthermore the data show that just before 1sotopic nitrogen 15
converted to TMV protein an extra amount of N3 which 1s about equal to
that finally incorporated mto TMV 1 thus expenment (5 micrograms of
N per 100 mg of tissue) 1s taken nto the insoluble protein fraction of
the infected leaf A little Inter when the 1sotopic mitrogen begins to appear
n the virus this excess N! 1s withdrawn from the wsoluble protem frac
tion These effects are shown graphically 1n Figure 7 which represents cat
culations of the actual amounts of 1sotope which enter and leave the msol
uble protem fraction It 1s evdent from these results that mitrogen ultimately
appeanng m TMV protemn 15 first wathdrawn (as ammoma) from the
non protemn nitrogen poot then incorporated into the msoluble proten
and finlly transferred from this fraction to TMV atself It must be con
cluded that some component included sn the insofuble protem fraction
represents the site at which TMV protein 1s synthesized
This concluston his caused vs to turn our attention toward an analysss
of the events which take place m association with this msoluble proten
As an mnttial step 1 this direction 1t could be shown that the 1sotope effects
involve a relatively small part of the msoluble protein fraction which 15
charactenzed by a specific gravity? i the range 1 00-1 17 Ths rules out
the chloroplast as the locus of the observed effects
The msoluble protein fraction 18 defined by the fact that st will not dis
solv¢ 1n phosphate buffer (pH 7 0) of low 10me strength However if this
fraction 1s extracted with a 10%% NaCl solution a considerable amount of
protem 1s dissolved The amount of proten which 1s extractable from the
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Fig 5 Changes i atom © N* i TMV non protemy natrogen (NPN) n
soluble protein (IPN) and soluble protein (SPN) of uninfected tobacco leaf
discs (btoken lines) and TMYV infected discs (solid lines) dunng culture m
N nutrient contaiming 30 atom & N Values for NPN 1PN and SPN obtamed
without difution with carmer mitfogen ean error less than 001 atom % N¥
Values for TMV based on 1 10 dilution with cartier mitrogen mean erfor
about x 1 atom © N* {represenied by vertical fines vhrough points)

Fic 6 N content of vartous fractions data derived from expenment of
Figure § Open circles broken fines vninfected dises Closed circles sobd lines
nfected discs

snsoluble residue with 10 NaCl varies during the m!echon process When
the dufferences in the amount from and
nfected tissue are determined at various times after moculation the lower
most curve of Figure 4A 1s obtained This shows that infected tissue devel
©ps an excess 10 this insoluble protem frachion which reaches a maumum
at about 120 hours and dechnes to zero at about 220 hours

Fractionation expetiments with the protemn extractable m 10% NaCl
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shows that the observed differences between infected and nnmfected tissue
are due 1n part to a pentose nucleoprotein Experiments on the nucleic acid
economy of mfected and uninfected tissue provide additional msight anto
this problem In the experiment described i Figure 4A the nucleic acid
present 1n the msoluble protemn fraction was extracted hydrolyzed to the
N bases and analyzed by paper ch phy The results showed that
an excess in msoluble PNA developed for a time early m the mfection
process The amount of this excess in msoluble PNA found at various tunes
after inoculation parallels the excess 1n msoluble proten quite closely The
best evidence for this effect 1s obtamned from the uracil data since these are
unequivocally due to PNA and are not affected by possible contanmnation
from DNA These results are presented m Figure 4B This curve which
shows the difference m nsoluble PNA uracil found 1n infected and un

imfected tissue at vanous times after noculation leads to the following

conclusion
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Like the tnsofuble protewn excess msoluble PNA wracd appears m 1
fected nssue before TMV appears The excess reaches 2 maximum at about
the time that TMV formation starts ‘Then as TMV appears the uracy
excess dusappears reaching zero at about 220 hours Significantly the max
imum uracil excess { 07 sM/g of tissue) 1s of the order of magmtude of
the amount of uracil which appears 1n the TMV finally synthesized (1
#M/jg) this s shown in Figure 4A This result suggests that the excess
wsoluble uracil 18 1ncorporated as such into TMV nuclerc acd

1t now appears fikely that the nucleic acid ulumately mcorporated inta
TMYV 15 synthesized previous to formation of the entire TMV particle as a
bufler msoluble pentose nucleoprotemn

Interp and C 2

The conclusions which are required by the above data may be sum
marnzed as follons

1 When tobateo leaf 15 inoculated wth TMV  the course of pratein
synthes:s 1s so 2ltered as to result 1n the appearance of at least four buffer
soluble proteins never found in normal leaf These are 'TMV nucleopro-
fem and the nucleic acd free non mfections low molecular weight pros
tens A4 B3 and B6

2 The protemns newly synthesized 1n infected leaf appear to be formed
de novo Tt can be shown that the bulk of the mtrogen found in the protety
of TMV 15 denived from free ammoma of the host without passage through
the pool of free ammo acids

3 These observations require the conclusion that TMV protein 15 not
formed by pepude condensation of the requisite free amino acids Virus
Pprotein may be formed by peptide condensation of amino acids i the order
m which the residues occyr tn TMV butaf thus occurs the amino acids m
volved must be sequestered from the free amuno acid pool and must be
synthesized at a patticular site as a result of a process specifically induced
by infection Hence the diversion of host protewn metabolism induced by
fection begins at the lowest biochemical possible level at which ammonia
Tutrogen becomes assoctated with the carbon residue required to form the

smno 2ad

4 The wutial phases of the protein synthests due to TMV nfection take
place 1 astoctation with s buffer msoluble protesn which 15 possibly a cell
particulate There 15 preluninary evidence that this mitial phase involves the

prmary formation of TMV nuclesc acid followed by formation of wirus
protem

3 The occurrence of three nonvirus protemns which are immunochemt
cally related to TMV shows that TMV redupl must ivalve p
considerably more complex than the direct replication of the wirus particies
which enter the cell as moculum These proteins are not contimuous prod
ucts of TMV activated protein syntheus tn the Jeaf but are found after an
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abrupt qualitative change 1n the new path of protemn synthesis takes place
The fact that the tune of this change comnaides with the tume at which the
previously synthesized excess of PNA 1n the infected leaf runs out suggests
but by no means proses a causal relationship between nucleic acid deple
tron and the appearance of the nonvirus proteins

So much for the conclusions which the data demand It 1s appropnate
howeser to consider at this pomt another class of possible conclusions con
cerning the process of TMV reduphcation These while not demanded by
the data are consistent wath them This type of conclusion originates not
m the data but 1n the desire to affirm or denv a particular conception of
virus reduplication

Take for example the question of posstble protein precursors of TMV
Our data as they stand at present do not regrure the conclusion that any
protem which we have 1solated 1s 1n fact a precursor of TMV Nor does our
very meager knowledge of protein synthesis m general even require that
such precursors exist There 1s no reason at present to deny the possibiity
that TMV protein 18 formed 1n one Jovian blow from ammonta and say
the keto acids required to make the necessary amuno acid ressdues In other
words the 1dea that TMV does 1n fact have a detectable precursor 1s not
demanded by our knowledge of the synthesis of TMV or of plant protem
synthes1s 1n general

Where then does such a concept onginate and what beanng does 1t have
on the problem of TMV synthesis? It 1s not difficult to see that the notion
of a virus precursor onginates i the generahzed expenence that the bio-
synthesis of many substances does ndeed proceed bv wav of the mtial
formation and {ater of a sub: which rep some bastC
part of the final product

It 15 our preference to refram from drawmng conclusions of this type
Nevertheless the temptations m this direction are severe To tllustrate this
point we may examunie some further data dealing with protein Bg This
protemn 1s formed by irreversible polymerization of proten B3 Might it be
a precursor of TMV 1e TMV less its nucleic acid? If electron micro-
graphs of B8 and TMV are compared (Figure 8) a close resemblance of
the two proteins 15 apparent

A superficial interpretation of this result might lead to the notion that BS
represents TMV minus 1ts nuclese acid This conclusion might lead to the
further suggestion that the addition of nucleic acid denved from TMV to
protein B8 mught actually accomplish an 1 vitro synthesis of TMV from
these component parts Like many proteins B8 will in fact combine with
aucleic 2eid prepared from TMV yiclding an artifical nucleoprotem wath
an ultraviolet absorption spectrum quite similar to that of the virus (Figure
9) The complex 1s not infectious and 1t 1s of course rather presumptuous
ta suppose that she mere msung of two gredients would so readily yeld
an wmfectious wirus particle
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Fia 8 Chromwm shadowed electron micrographs of TMV and proten B8
obtamed from pH 7 0 solutions of these proteins
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Fic 9 The ultraviolet absorption spectra of protein B8 (open circles dotted
hne) TMV (solid line) and a complex of proten B8 with nucleic actd prepared
from TMV (closed circles)

Despite these superficial parallelisms between the properties of B8 and
TMV there 1s as yet no real reason to conclude that B8 1s 1n fact a pre
cursor of TMV On the contrary from prelumnary amino acid analysis
which reveals the presence 1n B8 of two amino acids not found 1n TMV the
sumple conclusion that B8 1s TMV less its nucleic actd appears to be un
warranted

These points are made 1n order to delineate the extent to which extrapo-
Iations from our data are uawarranted Our expertments have told us 2
good deal about the biochemtstry of TMV synthesis but by no means
enough We do have a set of 1solated pictures which descnbe several inter
estng aspects of TMV reduplication It 1s tempting to spread our conclu
sions from these few islands of fact to cover at least 1 imagmation the
still unknown areas which lie between But 1t 1s perhaps wiser to wait and
to work for more information
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Abortive Infection with Viruses *

Mark H Adams
Department of Microbiology New York Umiversity College of Medicine New
York New York

When a virulent phage particle adsorbs to a susceptible host bacterum
1t forms a new entity the infected b which p prop
distinct from those of esther of 1ts two components The infected bactenum
shares with the phage particle the property of producing a plaque when
mixed with susceptible bacteria on an agar plate bemng called for this reason
an mfectious center The total number of mfectious centers present 1 2
phage host cell mixture includes the productive infected bactera and any
unadsorbed phage particles

The nfected bacterium retams its plaque forming potential throughout
the latent period of intraceliular virus multiplication At the end of the
latent period 1t lyses hberating a number of plaque forming phage particles
This normal course of events can be mterrupted by 2 number of environ
mental factors which cause ultimately a destruction of the plaque formmng
potential of the mfected bacterrum This mactivation of the infected bac
terrum can occur under condittons which do not destroy the unadsorbed
phage particle or the fected b: The ph has been
called abortive infection because under these conditions mfection does not
result 1n the production of viable phage progeny

In spite of the obvious chemotherapeutic possibilities wtherent 1n the m
creased sensiivity of infected host cells to destructive agents there has been
no systematic study of this property The purpose of this paper 1s to as
semble from the Lterature vanous examples of abortive nfection to see 1f
any generalizations may be drawn concermng this phenomenon For pur
poses of discussion abortive nfectron 1s defined as the Ioss of the plaque
forming potential of 1nfected bacteria under conditions which do not result
1n destruction of either free phage or unmfected bacterra It 1s realized that
"+ Arded by a grant from the National Foundation for Infantile Paralysis Inc
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thus defintion may result 1n the grouping of many mechamsms of 1nactiva
4101 11O one category

One of the first recognized examples of a chemical agent capable of caus
g abortive infection was S-methyl tryptophane 7* The addition of this
tryptophane antimetabolite at the time of infection resulted m a rapid de
struction of mfectious centers starting at the end of the normal latent
penod The antimetabolite had no lethal effect on either free phage or un
wfected bactena Stmular results were obtamned with methionine sulfoxide
an antimetabolite for glutam:c acid '3 These results mndicate that the mter
ruption of protein synthests i phage infected bactena causes an wreversible
destruction of their plaque forming potentral

Another group of compounds which cause abortive infection includes the
mhibitors of energy metabolism such as cyanide and dimtrophenol The
expenments which have been reported with cyamide have been rather con
tradictory Doermann'®'* working with E colt infected with phage T4r
found that the addiuon of cyamde dunng the first half of the latent peniod
resulted n a gradual loss of infective centers without bacterial lysis The
same result was reported for T3 wfected bacteria by Anderson and Doer
mann * The medium used was chemically defined contaiming glycenne as
energy source Cohen® found that the addition of cyamde or 10doacetate to
bactenta infected with T2r* or T4r+ i a lactate medium resulted 1n a
prompt lysis of the infected bactena without release of viable phage Lysis
did not occur under these conditions with bactena mfected with phage T7

In contrast Benzer and Jacob® reported that the addition of cyamide to
broth grown bacterta three minutes before mfection with T2 or phage A
resulted in prevention of phage development but with no loss of infectious
centers duning one hour at 37 C From these various reports it would ap
pear that the effect of cyanide on infected bactena 1s a2 function of the
genetic consttution of the phage and possibly of the composition of the
growth medium

The effect of 2 4—dinitrophenol (DNP) on phage infected bactenia was
studied by Heagy ** The additton of DNP at the time of infection of E colt
with phage T2r* resulted i prompt lysis of the infected bacteria without
hiberation of viable phage The results were the same whether the bactera
were grown 1n nutnent broth or mn synthetic medivm with glucose In con
trast the addition of DNP to bactena mfected with T2r or with T1 infubited
normal phage lysis With phage T2r there was a slow loss of mnfectious
centers Free phage was not mactivated by DNP These results as far as
they go are very simular to those reported by Cohen and by Doermann with
cyamde

Under eertain conditions anaerobrosis has the same effect as the addition
of cyanide or DNP * Bactenia in a chemically defined lactate medium were
mad. anaerobic by passage of a stream of nitrogen to displace the air On
nfection with T2r+  there was prompt lysis with loss of mfectious centers
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In contrast infected bactena i the same medium under aerobrc conditions
did not lyse (Lysis intubition with r+ phage) In this medum energy 1s
supplied only by aerobic oxidation of Iactate

Monod and Wollman?! observed a prompt mtiation of lysis of phage
mfected E colr 1n a lactose contaimng medium m which the Iactose was
not avatlable because the cells were not lactose adapted This was con
firmed by Heagy! using T2r+ mfected E colt Heagy found also that
prompt Iysis of T2r+ infected cells occurred m a chemucally defined me
dum lacking any energy source As pomted out by both Cohen and Heagy
the common factor 1n all these cases of unproductive lysis of mnfected bac
tera 1s the absence of an energy supply

A different type of destruction of mfectious centers 15 brought about by
the drug proflavine 4 The bacterra were grown mn a chemcally defined
medum and proflavine was added two mmnutes before phage mfection
There was no loss of infectious centers during the latent perniod but at the
end of the latent period there was a rapid lysts of the bactena without liber
ation of viable phage The time relationships suggested that some termmnal
step m phage maturation was prevented This suggestron was confirmed by
DeMars Luna Fisher and Levinthal® who demonstrated that lysts of pro
flavine treated cells resulted m release of incomplete phage particles These
particles were shown to be the protein shells of phage heads lacking the
nucleic acid core and the tail This destruction of mfectious centers occurs
under conditions 1 which free phage and uninfected bacteria are stable
The chemical reaction which 15 mhibited by profavine 1s not known

Aureomycin 1s another drug which brings about abortive infection The
effect of aureomycin on E colt stran B 1nfected with phage T3 was stud
1ed by Altenbern  He found that mfected bactenia were mactivated much
more rapidly than uninfected bacteria while free phage was resistant to the
drug Catiomic detergents increased the activity of the aureomycin Certain
aspects of the action of aureomycin on infected bactena resembled effects
shown by proflavine but not enough information 1s available for an ade
quate comparison of the two drugs

Another mechamsm of destruction of infectious centers is found i the
case of certain calcium requiring bacteriophages Phage T5 adsorbs to its
host cell n the absence of calcium but phage 1s not produced unless cal
cium 1s added ! Incubation of infected bacterta m 2 caleium free environ
ment results i a Toss of centers b soon after
adsorptton These expenments were confirmed with phage T5 and duph
cated with a typhoid phage by Fildes hay and Joklik ¥ The time relation
ships had indicated that calcium was wnvolved 1n an early stage in phage
mfection Lanm and Luna ° later demonstrated that calclum was essential
for the imjection of phage TS DNA to the host cell In the absence of
calewrm the phage adsorbs to kills and causes cytological changes 1n the
host cell behaving somewhat Itke the ghosts of phage T2 ’® When damage




MECHANISMS OF INFECTION 89

10 the host cell becomes swvere enough 1t 15 unable to support phage growth
even though the addition of caleium would make mjection possible
What may mnvole a simlar mechamism 1s the inactivation of phage T1
on adsorption to its host cell m buffur  Phage T1 when muxed with host
bactena 1n dilute phosphate buffer at 37 C appeared to be mactivated 1m
medsately on adsorption to the bacteria However if the phage was incu
bated with calctum 1on or with broth for a short ime before adsorption
normal infected bacteria were produced with no loss of infectious centers
In this case also 1t would appear that the divalent cation 13 essential for
some stage in the process to ad:
This phenomenon seems to have been rediscovered by Joklik'® who
studied the adsorption of phage T1 in vanious media The proportion of
active adsorptions was markedly a function of the tomic environment
bemng increased by magnesium and calcium 1ons
Another vanety of abortive infection was discovered by Benzer ¢ Strain
B of E coh was grown 1n broth washed with buffer and aerated 1n buffer
for one hour at 37 C to exhaust intracellular nutnients The starved bactera
adsorbed phage well but did not Jyse and did not Iiberate phage progeny
If the nfected starved bacteria were transferred to broth at 37 C phage
devtlopment began immediately The latent period timed from the additson
of broth was about 10¢% shorter than und.r normal cireumstances Benzer
noted that 15 to 32 of the viable phage particles which became adsorbed
to starved bacterna failed to form infectious centers No study was made of
the fate of these mussing phage particles
A more extensive study of this kind of abortive mnfection was made by
Gross ** The host cells were stran K12 of E col grown 1n a chermcally
defined glucose salts medum washed m buffer and starved by aeration at
37 C Coliphage T2 was adsorbed to the starved host cells at 37 Cand the
adsorption mixture was assayed at itervals for total infectrous centers and
for unadserbed phage At each time interval only 60% of the infected bac
tena were infectious centers the 40% deficit being termed abortive infec
uon Abortive infection does not occur with unstarved cells and 1ncreases
with the duration of starvauon reaching 80% or more of the cells mfected
after three hours of starvation Starved K12 cells when mncubated 1n broth
or defined medium for ¥ hour before miection recover completely and give
no abertive infection The proportion of a starved bactenial population giv
ing abortive infection 15 independent of the number of phage particles ad
sorbed per cell so that the probability of a given mfected cell producmg
phage progeny 1s not increased by infecting 1t with more than one phage
particle
In these experiments adsorption of phage was normal and every infected
bacterum was killed by the adsorbed phage whether 1t resulted 1 abortse
wfection or not Turbtdimetric studies mdicated that the bacteria gving
abortive tnfection were lysed before the muddie of the normal latent period
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whife those ifected bacteria yielding phage progeny fysed at the end of the
fatent period These results with staned bactena are simtar to the effects
reported with cyamde and dintrophenol and discussed above
Gross also studied the properties of the mfected starved bacteria which
drd not undergo abortyve mfection Under appraprate candstions about ¥
of the mfected bactersa would be abortisely infected and the remainder
would form normal sfectious centers which on transfer to broth would fyse
at the end of the latent peniod with a normal yield of phage progeny These
nfectious centers were stable for several hours s seed boffer but were fauly
rapidly inactivated i buffer at 37 C Incubation of mfectious centers m the
chemically defined glucose salts medium resulted i an accelerated mactiva
tion as compared with buffer alone at 37 C Addition of yeast extract or 2
muxture of atntro actds to the chemucally defined medwm resulicd 1n nor
mal phage development i the starved infected bactera with no Joss of 10
fectious centers No single specific nutntional factor could be found which
was 1 for the 1 of the tnf centers 1t scemed that
& deficsency of amino acids tn the starved bactena resulted n this type of
aborfive mfection so the mechamsm may be sumifar to that of abortie
I prod; by S—methyl tr ph ot by d
While studying the nutritionat role of calclum tn the multipheatson of
coliphage TS I found yet another example of abortive mfection which re
sembles sn some respects the case studied by Gross Stram B of £ col was
grown 1n broth washed n buffer and starved by aeration i buffer at 37° C
for one to two hours The buffer contamed 0 1M NaCl 0001M Na HPO,
0 00IM CaCl and 0 001M MgSO, and was adjusted to pH 72 Unad
sorbed phage TS and umnfected starved bactersa were stable 1 this buffer
forhonrsat 37 C Phage TS was permutted to adsorb to the starved bactena
1 this buffer at 0 C There was no loss of infectious centers during adsorp
tion and the wfected bactena were stable at 0 C for several hours at least
I the nfected bactena were diduted sato broth at 37 C there was no loss
of mfectious centers and the bactersa lysed at the end of the narmat Iatent
pertod hberating a good yield of phage If the mfected bacteria were dilated
wto buffer at 37 C there was an 1 of cen
ters beginming at the time of temperature change the half hife of the mnfec
uous centess being about 7 munates The rate of mactivation vaned with
the temperature of incubation Over the range from 20 to 37 C the activa
tion energy {Atrhenus Constant) for the mactivation process was about
13 000 calories corresponding to a Q; of about 23 This temperature
cocfficient ts typical of many enzyme catalyzed reactions and suggests that
the mactivation may be the result of enzyme action The kilmg of unn
fected bactena or unadsorbed phage particles 1s chazactenized by an activa
tson energy of the order of 100 000 calonies which 1s typical of protern
denaturation These facts suggest that the destruction of mfected bactena
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must 1nvolve a different kind of reaction from that responsible for the kilt
mg of bactena and viruses by heat

The marked difference i behavior of infected starved bacterra when
diluted 1nto buffer or into broth at 37 C suggested that some nutritional
factors 1n broth might stabihze the infected bacterta The addition of ammo-
mum chlonde and glucose to the buffer makes 1t a complete medium as far
as the multiplication of £ col: 15 concerned However this glucose—ammo-
nia-buffer medium resulted 1n a somewhat more rapid mactivation of
infected starved bactenia than occurred in buffer alone In contrast the
addition of an acid hydrolysate of casemn resulted n normal phage repro-
duction Thss suggested that the addition of amino acids to the buffer might
result n stabilization of the infected bactena

The presence of single ammo acids such as leucine 1soleucine or valine
at 2 concentration of 0 1 mg /ml of buffer resulted 1n a marked slowing of
the rate of mactivation of infectious centers Vanous nuxtures of amo
acids were more effective than single amino acids 1n stabilizing the mfected
bacteria Tt was possible to find 2mmo acid muxtures 11 which the mfected
bactena were stable at 37 C for more than an hour without detectable
phage reproductron This suegests that it 1s possible to miubit the Iytic
process without having all nutnients essential for phage reproduction pres
ent 1n the environment and hence to study these twO processes separately

Summary

Under certain environmental conditions phage nfected bactena are far
more vulnerable to destruction than are either uninfected bactena or unad
sorbed phage particles This mactivation of infectious centers has been
termed abortive mnfection because phage progeny are not produced It oc
curs at physiological temperatures but not at 0 C The temperature co-
efficient m the one case where this has been studied 1s typical of an enzyme
Zatzlyzed reaction not of protein dematuration In some cases at least the

of

centers 1s d by Iysis of the mfected

bacterum
Abortive infection occurs when normal phage developmem n infected
bactena at ph: 15 p d by any of a number of

different mechanisms The known causal factors mclude
1 nterruption of energy supply by cyanide dimtrophenol anaerobrosis
or starvation
2 mterference with ammno acid by use of
such as 5-methyl tryptophane or methiomne sulfoxide and by starvation
3 preventlon of phage development by means of drugs of unknown
such as and
4 prevention of phage development by removal of calcum ron an
essential growth factor for certan phages
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The sumplest expl for the ph of aborhive 1nfecton 35
that tnfection of a host bacterium by a phage particle wutiates two distnct
processes which may proceed simultancously but more or less mdepend
ently One of these the reproductive process Jeads ultimately to the pro-
duction of phage progeny The other the Iytie process results i disorgan
zation of the host cell and witmately mn cell lysis In the usual course of
events the reproductive process is interrupted at the ead of the latent penod
by bactenolysis the burst size being the average number of phage particles
which have been completed up to the time of lysis In abortive infection the
reproductive process 1s mhubited but the Iytic process occurs and may even
be accelerated under certan circumstances Challing to 0° C prevents both
repmducuve .md Iytic processes from occumnng The phenomenon of ivsis

thst pts the lytic process thereby permutting
the of the prod: process with an ultimate ncrease i
burst suze

The unportant work of Hernott!® on the properties of the pucler acd
free ghosts of phage T2 presents further evidence for the mdependence of
the two processes The phage ghosts are unable to mnstiate the reproductine
process but retamn the ability of Ivsing the host cell Tt might be sad that
the ghosts can produce abortive mfection without being competent 6 mntt
ate true infection The biochemucal details of the reproductive and lync
processes are as yet unknown and present 2 major challenge for the future

Abortive nfection has not been studied with ammal viruses because
techmuques for investigating the fate of single infected anymal cells have not
been avallable However recently dexeloped methods for the preparation of
suspensions of 1solated host cells and for the assay of virus mfected anmal
cells by plaque counting methods will peenmt the study of the effects of the
chemcal and physicat on virus devel
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Metabolic Transformations in Virus Infected
Cells*
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I shall confine my remarks to certain special metabolic problems of the
T-even bactenal viruses The d effort to und d these par
niewlar vimses which occurred 1n the past ten years was a most cunous
development 1n the history of virology That this effort was made can be
considered to be a fortunate aceident from the point of view of the develop
ment of the methodology of virology From the aspect of the general apph
cability of various results the study of the T-even phages has vielded many
unique and disconcerting quurks especually at the level of metabolic be
havior

One of the most stnking of these quirks among the bactenal vinses
proved to be the mability of infected bactena to multiply and synthemize
many normal host * On closer there was reveafed
a sh of phosphorus mto the excl 2t of virus deoty~
nbonuclerc acd at the expense of the synthess of the host nucleic acds *
The parasitism displayed 1n these systems 15 most extreme Jeading to the
almost exclusive synthesis of virns On further dissection this effect was
revealed n the alteration of the balance of two major alternative paths of
carbohydrate metabolism ® All of these detatls of metabolism could be

plamed 1 terms of q ) of the utl of the en
zymes of the host to make the same ofd buddimg blocks which were now
incorporated 1 quantitatively different amounts nto the speutfic polymers

f virus
° The discovery of a new pynmdine S-hydroxymethvl eytosine (HMC)
¥ Ths research was mded by a grant from the Commonwealth Fund
9¢
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by Wyatt and myself* in virus nucleic acid which can not as yet be found
1 the host has raised new types of questions It 1s quite perplexing for
instance that this compound has not been found anywhere other than in
the T—even phages

The knowledge of the absence of cytosme and its replacement by HMC
n vires nucluc acid has been extended by the finding that cytosine of host
DNA may be converted to virus HMC in infected cells ® As seen 1n Table 1

Table 1

BASES OF HOST AND VIRLS NUCLEIC ACIDS

E cols RNA L col DNA T2 T4 T6 Virus DNA
Adenine Adenine Adenine
Guanmme Guamine Guanme
Uraall Thymine mune
Cytosine Cytosine S-hydrotymethyl cytosine

cytosine 1s an essential constituent of both host nucleic actds RNA and
DNA The compulsory synthesis of HMC n mfected cells with the partral
comversion of the host cytosine to the new base suegests that infected cells
are unable to accumulate cytosine compounds and are hence unable to
build structures contasming host nucleic acids and contiguous compounds
The synthesis of HMC rather than cytosine also suggests the basis for the
exclusive accumulation of virus nucleic acid and its complementary ele
ments of virus protemn It 1s now proposed that the drastic reorganization
of cell economy nto virus synthests 1s the result of a minute alteration of
the quahtative character of a small building block cytosine The alterations
of the balance of paths of d and of the di
of cell phosphorus as well as the mnability to synthesize more cells are now
suggested to be the secondary consequences of this critical reaction

What 15 the nature of this reaction? A scheme surveying some possible
inter of the d 1s given 1 Figure 1 Weed and I have
found that the hydroxymethyl group of HMC may be readily derived from
the g carbon of serne ® However the new pynmidine and 1ts deamination
product hydroxymethyl uracil (HMU) so stmilar to thymine were found
to be mert m filling the of vatious d
mutants of E coli ® HMC 1s also mnert to the cytesine deaminase of E colt
and of yeast the enzyme of the latter being able to degrade 5-methyl cyto
sme to thymime ® Further HMC 1s not utihzed by growsng or T2 mfected
cultures of E coh ¥

On the other hand the deoxynboside of HMC 1s much more reactive
Although the nucleoside does not fulfill pynmidine requirements of our
mutants 1t may be used as a source of deoxynbose by vanous organisms
It 1s slowly deammated by the very active deoxycytrdie deammase of
E coltat a rate of 2 to 4% the rate on cytosme deoxynboside The result
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Ne= CNH Ne=C-NH, N=C-NH,
U1 eno ’
o¢ (“:H 0C C-CHOH—2u0 § CHs
AN—CH RR—CH nw-l
CYTOSINE  5-HYDROXYMETHYL CYTOSINE  S-METHYL CYTOSINE
,NH,“ NHs .NH,N-NH, 9NH,n»NH3
N-C OR NeC OH N<C ON

i
0¢ cH PO Lo¢ C-cHOM-Pv0 ¢ CocHy
AN~CH RN—CH RN-C

URACIL. 5 HYDROXYMETHYL URACIL THYMINE
Fio 1 Some possible metabolic interrelations of the pyrdines

g HMU deoxynboside ahhough very similar to thymiding s 1nactive for
pyomudine requnng or  deoxynb From these
data T have tmt;mvely conciuded that the demynbosxde of HMC 1s prob-
ably the pound which 1s Iy active rather than free HMC
Further 1t seems possible that a route for hydroxymethylation mvolves de
yudine with Funally the mertness
of all the hydroxymethvlated m!clﬂosldcs suggest that they wan out 1 2
competiive fashion over the normal nudecsndcs and that the hydmxy
methyl derivatives are not normal inter
In the course of studies on the 1solation of the deoxynbos:de of HMC
it was also discovered that this compound is present m virus DNA m a
tinkage reststant to the hined action of deoxynt ! and alkahne
phosphatase unlihe the linkages which hold deoxycytidime 1n thymus DNA
for example It may be suggested then that this hinkage assists the wrre-
verstble trappmng of HMC nucleotides 1 virus DNA and posubly assists
the survival of virus DNA injected into infected cells
If the scales are so ipped m favor of HMC accumulation 1t 1s relevant
to ask why hydroxymethylated compounds have not been found i normal
1 Two unusual p i come to nund
(a) Essential portions uf the hydroxymethylation mechamsm 1¢ en
zyme or coenzyme are furnished by the virus or
(b) The mfection evokes wnto sctivity a dormant enzyme system of the
host
Of course other possbilities remam e g the msensiity of our pro-
cedures for the detection of HMC or the special quahities of other virus
campounds which may facitate the trappmg of HVC Nevertheless test
of the first two hypothieses will probably permit us to leam some new bo
chemistry and, these therefore seem most ntriguing at the moment
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The data which 1 have quickly summanzed have been presented 1n some
detarl thus Spring 3 At that time brief mention was made of a somewhat
analogous finding wath respect to thymune synthesis m virus infected cells
and I wish to present this data of Barner and myself® in somewhat greater
detail than was possible then

In order to test the ability of our hydroxymethylated denivatives to satisty
the of P mutants of E coli a cytosine
or uracil rcqumng mutant of E colt stran W and 2 thymmne requinng
mutant of E col stran 15 were obtamned The growth responses of these
orgamisms to vanous pynmidines 1s given i Table 2 The thymme requinng

Table

€O 1POLNDS PERMITTING GROWTH OF W _ AND 15y
Compound Stani _ Strain 15, _

Uraail

D.hydrouracit

Orotic Aaid

Uraail deoxynibos de
S—)Iydm‘ymelhyl un:cll (HMU)
HMU deoxynbos

Cytosine

Cytosine deoxyriboside

HMC

HMC deoxyniboside
ymine

Thymidime

S-methyl cytosine

[EIiLb++1 I+ 0+

T++1t 000t

mutant 1s seen to be quite speaific It excretes a siguificant amount of a
compound which permts the growth of the uractl requinng orgamsm The
thymineless orgamsm designated 15r— has many unusual properties It
will support the multsplication of T2 but not of T4 TS or T6 When m
broth the organism wall adsorb T2 wirus although the adsorption rate con
stant 1s considerably less than that obtained when strain B 1s used When
grown 1 synthetic medium 157 adsorbs virus much less readiy than
when grown 1n broth In order to achieve mfection readily for purposes
of study 1n defined med:a 1t 15 necessary o grow orgamisms in broth wash
and infect in synthetic medta The medium used was a basic mineral me
dum contasung glucose and enriched by amino actds Under these con
ditions cells mfected i the presence or absence of thymine produce virus
2t37 wath a latent period of 33 munutes and a small burst size of 10 to 16
Simee 1t 15 known that host DNA may contnbute thymine for virns syn
thesis 1t appeared desirable to see whether a net synthesis of DNA had
taken place In the absence of thymine i the medmm the unnfected
organsm 1s unable to synthesize significant amounts of DNA In addition
90% of the cells appear to die per hour re can not be counted by a plate
counting technique As shown 1o Figure 2 1 the absence of thymne the
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Fi 2 The synthesis of DNA i 15;_ mfected by T2r+ 1n the presense or
absence of thymne

cell makes virus DNA at a rate as great 2s if thymine were present i the
medwm Even when the viable count 15 down 0 5% of the matial count
as a result of holding the cells 1n the absence of thymme on infection the
celly are still able to synthesize virus DNA at much the same rate

An interesting observauon has been made concerning the death of cells
in the absence of thymine It has been found that death may be prevented
by substances other than thymine which do not support cell multiphication
Such a substance 15 present in broth from which thvmine has been ex
hausted A comparable substance 15 also exereted wto the synthetic mediam
bv celis grown m the presence of thymine The results seem to suggest a
metabolic rale for thymime mn the production of an essential metabolite
and the pature of this relationship 15 bemng investigated

The virus produced by the cels in the absence of thymne 15 T2r+ ac
cording to the usual biologcal cntena It has been 1solated and its base
content has been determined as presented 1 Table 3 The preparation of
virus ob d under these d d more thymine than was
onginally present n the unmnfected ceffs

As can be seen 1n Table 3 the bases synthesized 1n infected cells 1n the
absence of thymne had a molar composition fairly close to that of virus
Furthermore these bases meluded the new pynmdine HMC as well as
thymine The net synthesis of punnes and pynimidines m 15— infected 1
the absence of thvrune in the medium can be seen 1n Figure 3 and 1t may
be noted that thymine synthesis 15 the most extensive of any of the bases
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Table 3
SYNTHESIS OF BASES IN THYMINELESS E Cotl {15p_) INFECTFD BY T R*

System |_Adenne | Guamine i HMC Thymine
Tt trom B ] 30 180 | 168 133
T2+ from 15,_

A Witk added thymue %99 s %8 357

B Without added thymine 308 177 165 31
Ifected colls (15, — T | 135 | 167 | 130 | 368
2 hours

Indced 1n this system we have some evidence that thymune 15 even cxcreted
10 a shght extent It appears therefore that T2 infection can induce the
synthesis of two pynmud, which the fected cell appeared
of maling In the special case of 157 the newly evoked synthetic func
tions account for all the accumulated pynimdines

One problem which anses 1s stmilar to that described 1n the discussion
of the sigmficance of HMC s the uminfected cell really incapable of making

* THYMINE
4] a ADENINE
* GUANINE
o HMC 2
n 31
[18)
-4
o
=24
E a 2
i
o f
HOURS 2

Fic 3 The synthesis of punne and pynnudine bases m E coli 155 infected
by T2r¢ 1 the absence of thymine 1 the medium Each pomnt represents net
synthesis 1n 300 mt of enlture
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thyrmne? We find that thymine accumulated 1n host DNA dunng growth
18 pever mn excess of that removed from the medum We are preparing to
test more entcally for a smaff amount of thymine synthesis in the presence
of thvmine 1 the medm Such a finding would, of course suggest more
strongly the unmasking of etzymes present m the cell

The phenomena descnbed wn tns paper are the first to suggest that a
virus may supply some important enzymatic ¢lement essential to the bio
synthesis of virus 1t 1s recogmized that the evidence for thus 1s indsrect and
that alternative hypotheses such as those presented 1 thys paper have equa)
force at present On the other hand the case may perhaps be analogous to
the induction of toxin formation by the snfection of avitulent C diptherae
and the problems raised by that finding That phenomenon 15 more reason
ably explamed (although not ) as a disturbance of the metabd-
chsm oi the host cell than are the phenomena of transduction and the
acquisiion of metabohe funchion which occur i other lysogeme systems
The latter seem to have their basis mn the transmussion of umque genetic
elements The phenomena m B coh and C diphthenae do seem to be more
susceptible to biochemical study and 1t may be that the answers to these
Problems in these organisms can be gaven m the not too distant future
chermical terms
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Intracellular Sites Important to the Develop-
ment of Arimal Viruses*

W Wilbur Ackermann
D of Epid and Virys Lab y School of Public Health
Unwversity of Michigan Ann Arbor Michigan

It 15 only i conjunction with some host-cell that the special crrcum
stances are met in which the maximum potential of the viral mechanism
1s evident Under these very exacting conditions wiral replication 1s accom
plished Even at our present level of understanding 1t can be said with
certitude that the cell supplements the metabelic actvities in which the
elementary body 15 so clearly deficient Many of these represent coupled
synthetic and exergonic reacttons for which molecular elements may not be
easily substituted * However 1t 1s not clear whether the essentiality of the
environment can be accounted for wholly in terms of its biochemical prop
erties The question remains does the physical state or any cellular ap
paratus have a role 1 the rephcation process?

Recently de P h have been employed to relate the func
ttons of tracellular structures one to another 22 The synthesis of many
small molecules has been found to be localized mtracellularly Some of these
are important 1n the synthesss of large molecules of the cell and hence are
also necessary for viral rephcation Such relationships between virus and
cell which are several times removed are easily found Our concern must
be whether any structures are imp to wiral
1n some manner over and above that necessary to normal cellular function
More precisely 1s there a step umique in the viral development which re
quires the physical environment of the host Such a step might be the poly
menzation of nucleotides or amino acids or even the formation of unique
precursors not found in the final viral body In the broadest biochemical

Many of the studies reported 1n this paper were aided by a grant from the National
Foundat on for Infantile Paralys:

w1,
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sense, the latter might mclude any specral adaptive enzymes In these ferms
1t may be gainful to ask where within the cell 1s the varus formed
In the normal cell Tocal of ch 1 15 achieved bv a
combmation of low operating temperature and the use of enzymes The
function of the enzyme 1 this capacity 1s undoubtedly one of the most wide
spread evolutionary devefopments 1 biology If the formation of virus 1s
localized 1 the cell 1t 15 probably because the deferminants of rephcation
the nuclerc acid or other catalysts are attached to some intracelfular struc
ture It suffices to say that littie 1s known of the role of cullular organization
m the synthests of normal protesns and nucleic acd and for some time
the study of viruses may be expected to contribute more to thus problem
than the converse approach
For the investigator the ammal cell 1s particuiarly smitable matersal The
supporting bickground of cytological information as well as size are favor
able factors Furthermore these ceils can be fractionated 1n mass by tech
niques which yield f; of morphological Such techniq
have been apphed to tissues infected with herpes and poliomyehtus
ruses 43¢ White admittedly evidence concerming immature forms would
be of preater sigmificance by necessity these studies have concerned only
mature fully mfectious virus
Infection with herpes simplex or p yehtis viruses prod By
nuclear aberratons i the host cell In the latter case a dissolution of the
Niss! substance 1s seen and m the former an mclusion body While vav
cinia and psiitacosts vicuses produce cytoplasmic wcluston bodies which
doubtedly rep devel 1 forms no such clear nterpretation
can be made regarding these nuclear abe It was from the viewpoint
of investigating these nuclear changes that the 1solation of celllar structures
from mfected tissue was first undertaken
Celiular fi cor ding to nuclet hondria and supernatant
fnd were prepared from embryanic chick liver which was heavily infected
with herpes virus The method of Schneider and Hogeboom was employed
1 which the tissue 1s disrupted i 2 non ronic medium ( 25 M sucrose) ¥
The results obtained when these fractions were ttered for herpes wirus are
shown in Table 1 The nucle; mitochondria and supernatant flud contatned
correspondingly 13 16 and 80 per cent of the virus found i the whole
fhomogenate * Cleatly the major part of the virus 15 1n the supernatant flwd
which contatns the soluble protemns and a collection of diverse small par
ticulates termed nmucrosomes It should be recatled that the nulear Fraction
contans a few whole cells blond el and some mito-
chondna The low virl actvity of the nuclenr friction mav be accounted
for in terms of these impunties
When tissues of the central nervous system obtancd from cotton rats
infected with poliomgelitis virus were fractonated by the same technique
Schwerdt and Pardee found an almost 1denticat distiibution of poliomyehitis

Feant
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Table 1

INTRACELLULAR DISTRIBUTION OF HERPES VIRLS

Virus Toters of Celiutar Fractions
xp - —
W hote Supernatant Flu d
Hon ogenare Mecls Mu chomdria {"0 4 Mucrosomes
1 70 5% —_ =
n 65 ss - -
m 65 - 60 —~
W 63 - 56 -
v 68 ~ — 65
vi 64 ~ - 64
Average 66 47 53 65
Percentage 100 13 16 10

The S0¢ infectious dose for eggs 15 €xpressed as the reciprocal of the Yog of the
dlunon of the cell fraction obtained from 100 mg of I @

wirus These workers also beheved that the virus of the nuclear frachon
was 1n terms of the ¢y of that fraction ¢
On the basis of present mformanon 1t cannot be proved that herpes virus
18 nc( released from nucler before or when the cells are disrupted by the
of p ployed However the high count of nucler
n preparations o( nfected Iver indicates that of virus 15 released from these
bodies there 15 not sufficient concurrent destruction of them to account for
the low concentration of virus in that cellular fraction Infected livers con
tan a shightly but consistently greater number of nucler per ut weight than
flormal tissue Fmbryonic Iiver from the chick at fourteen days of develop-
ment contams 76 X 107 nucley pcr gram of moist tissue #® Further the
of d teic acid of infected tissue shows
there 15 no unnatural amount of this nuclear constituent in the cytoplasmic
fractions as might be expected if the nucler of infected cells were unusually
fragile ®
When tissues are disrupted 1 1sotorue sahne an 1nsoluble residue com
Posed of agglutimated particulates of the nucler and cytoplasm 1s obtaned
After exhaustine extraction with 85 per cent saline the available virus 1n
this residue can be markedly increased by treatment with M salme The
latter reagent 1s known 1o cause nuclear disruption This phenomenon was
first reported by Francis and hurtz who were working with herpetic chick
Tver * However a residue with these propetties can also be prepared from
mouse bramn which 1s infected with pobiomyehtis virus (haplan and Me)
mek) ™ or with Theiler s virus (Gard and Ostlund) 1
Kaplan and Melnick have attnibuted significance to the traces of wirus
found m the nuctear fraction and wferpreted the effects of M saline 1n terms
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of a hypothesis of nuclear localization of pohomyehts virus The mnad
visability of these interpretations becomes clear from consideration of
several additional preces of evidence presented largely by Gard and Ost
lund Furstly, residues with these properties can be prepared from normal
mouse bram and the cytoplasm of infected tissue Secondly the action of
M saline 1s not unique and the bound virus can be released by techmques
which should not disrupt the nucles * Thirdly the remaining residue which
15 1soluble mn M salme and 15 presumably cytoplasmuc matenal contains
most of the virus newly made available *

If the conclusion 15 to be reached that the nucleus 1s the site of viral
replication m the case of herpes or poliomyeliis viruses 1t must not be
on the basis of the data presently available which deal with tracellular
localization of infectrous virus There still remains the problem of the sig
mificance and nature of the nuclear aberrations seen 1 cells infected with
these viruses In this regard 1t 1s of mterest to note that nucler 1solated from
herpetic livers contain the same amount and ratio of RNA to DNA found
1 normal liver The respective normal values bemg 42 X 10-7 and
22 X 107 pg per nucleus Further the entire imntracellular distribution
and amount of nucleic acid of the hiver 1s unaltered to any detectable de
gree under the of herpes

The major part of the mntracellular virus (80 per cent) was found m the
cytoplasm 1in what appears to be a form uncombined with nucler or mito-
chondna This finding holds for infection both with herpes and polromyelitts
viruses  Schwerdt and Pardee also subfractionated the microsomes of
nervous tissue and concluded that most of the virus 1s 1n a free state and
not adsorbed to the submicroscopic particulates ®

In addition to the data from cellular fi there 1s
evidence that relates the hondnia to the d P of virus Firstly
with mnfluenza virus there 1s a bol p Under the mfl
of certamn enzymic mnhbitors the resptration of the host tissue an activity

bl

d with the hondria can be & and under these cir
cumstances the yeeld of virus produced 1s directly proportonal to the
residual oxygen P 12 This 1s 1n Figure 1 where the
effects of ant A on chorio all mfected with 10

fluenza virus are shown Secondly there 1s an alteration m the pattern of
enzymes which are known to be localized m the mitochondria Under the
influence of herpes mnfectton there 1s a decrease in succmoxidase and
o-ketoglutanic acid oxdase which 1s particularly marked in embryomc
heart tissue 8 Further 1t has been reported by Schwerdt and Pardee that
nfection with poliomyelitts virus lowers the succinoxidase actvity of the
central nervous system ® Thirdly there 1s evidence that mitochondna of hver
tssue undergo a selectve deterioration when infected with herpes virus

From Table 2 1t will be noted that there 1s a 30 per cent decrease m the
mitochondnal nitrogen per unit weight of mnfected liver as well as a 36 per
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RELATIONSHIPS OF ANTIMYCIN-A CONCENTRATION-
OXYGEN UPTAKE- AND VIRUS PROPAGATION
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cent decrease 1n the mitochondnial mitrogen per nucleus Thesc data mdlcal

g a selective or de of are
m part by electron microscopy 32

Since the mutochondria had a considerable viral titer and are the only

lates which were d with a amount (16 per cent)

of the total virus of the cell an attempt was made to determine whether

Table 2

EFFECT OF HERPES INFECTION ON THE AMOUNT OF MITOCHONDRIA PER CELL

Mutoclond al Nutrogen
Exp+ Tussute Nucle /gm Lt er
x 107 ug !N ucle:
ng gn L e N
I Normal 509 576 113
Infected %41 468 86
it Normal » 688 95
Tnfected sno 436 55
m Normal 730 515 71
Tnfected 840 345 41
Average|  Normal 654 592 91
Infected 78 419 58

In each exper ment a pool of | vers obtained from 18 eggs was used
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of a hypothesis of nuclcar Jocalization of poliomyehus virus The smad
visability of these mterpretations b clear from d of
sgveral add 1 pieces of ewd P d largely by Gard and Ost
lund Fuestly remdues with these properties can be prepared from sormal
mouse braw and the cytoplasm of mfected tssue Secondly the action of
M saline 1s not umque and the bound virus can be released by techaques
whch should not diszupt the nucler ** Thirdly the remazmng residue which
15 ipsofuble 1 M salne and 15 presumably eytoplastue materal contams
most of the virus newly made available ¢

¥ the conclusion 19 to be reached that the nucleus 15 the site of vl
replication wn the case of herpes or poliomyehitts witnses it must not be
on the basis of the data presently avafable which deal with mtraccllular
Iocalizaion of wiecuous virus There stll rematns the problem of the uig
mificance and nature of the nuclear aberrations seen wn cells infected with
these viruses In this regard st 1s of mterest to note that nucle: 1solated from
herpete hners contasn the same amount and ratio of RNA to DNA found
m normal tver The respective normal values beng 42 X 10~7 and
22 X 10-7 pg per nuclens Further the entire miraceliular distnbution
and amount of nuclerc ac1d of the hver 15 unaltered to any detectable de
gree under the of herpes

‘The major part of the mtracellular virus (80 per cent) was found m the
cytoplasm in what appears to be a form uncombined with suclet or mito-
chondna This finding holds for mfection both with herpes and pohiomyelitss
vicuses  Schwerdt and Pardee also subfracuonated the mmcrosomes of
nervous tissue and concluded that most of the wrus 15 in 3 free state and
not adsorbed to the submicroscopie particulates

In addition to the data from cellular there 18
evidence that relates the hondna to the develop of virus  Firstly
with wnfivenza virns there is a metabohe relationstyp Under the mfluence
of certain enzymuc snhibitors the respiration of the host tissue an achvity

derabl

d with the hondria can be dep d and under these o
cumstances the yield of virus produced s directly proportional to the
resdual oxygen 2 This 15 1l d 1 Figure 1 whare the

effects of antimscin-A on chono allantoic membrane wfected with
flsenza virus are shown Sccondly there is an alteration w the pattemn of
enzymes which are known to be locahized in the mutochondna Under the
influence of herpes infection there s a decrease 1 suctmoxdase and
s—ketoglutane acid oxdase which 18 particularly marked i _embryome
heart tissue ® Fusther 1t has been reported by Schwerdt and Pardee that
infecison wath poliomyehtis wirtis Jowers the sucosnoxmidase actvty of the
central nervous system ¢ Thirdly there 1s evidence that mtochondna of hver
fissue undergo a selective detenoration when infected with herpes vius
From Table 2 st will be noted that there 1s 2 30 per cent decrease 1n the
mutochondnal sutrogen per und weight of mfected liver as well as a 36 per



MECHANISMS OF INFFCTION 105

RELATIONSHIPS OF ANTIMYCIN-A CONCENTRATION-
OXYGEN UPTAKE-AND VIRUS PROPAGATION
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cent decrease 1n the mitochondnal mtrogen per nucleus These data indscat

1ng a selective destruction or detenoration of mitochondna are supported
In part by electron microscopy 13

Since the mitochondnia had a considerable viral titer and are the only

which were with a amount (16 per cent)

of the total virus of the cell an attempt was made to determine whether

Table 2

EFFECT OF HERPES INFECTION ON THE AMOUNT OF MITOCHONDRIA PER CELL

Mitochondrial Nitrogen
T ssue N "t'u/x;; G A I
x #

g sml X 10
‘Normal 509 576 113
Tnfected 543 468 86
Normal 7 6388 95
Infected 800 436 55
Normal 730 515 71
Tnfected 840 345 41
Normal 654 597 91
Infected 728 419 58

Tn each experiment a pool of Iivers obta ned from 18 eggs was used
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the vural activity was a superficial contanunation To do this the sedimenta
tion charactenstics of the virus under these particular condiions were e
termuned  Both nucler and hondna can be sed d from a ho-
mogenate by a centrifugal force of 2400 X G applied for twenty muutes
It 1s seen from Figure 2 that repeated centrifugation with this force did
not remove the virus from the supernatant flud However if one sepeats
the operation employing a foree of 24 000 X G the virus 1s readdy sed:
mented

Mitochondria obtamed from hver mfected with herpes virus were washed
repeatedly in cold sotonc sucrose After each washing the residue was
sechmented under condstions known not to sediment the virus Titcations
of the matochondna after each of five successive washings revealed a con
stamt uter by the second washing This demaonstrates that the virus was be
mg 4t & d with the hondna Thus a derzbl
amounx of virus was associated with the mitochondna 1 what was ap-
parently an ntimate attachment It ss of interest to note that the virus bound
to these particulates 1s sull available to the action of immune serum

Tn contrast to the above results when a reconstituted mixture composed
of mitochondnia from normal tissue and supernatant flwd from 2 homog
enate of wfected ussue was subjected to the same procedure the mile-
chendria and wirus weze readdly separated Figure 3 Thus under the
conditions employed to isolate mfected mitochondria there was no ssgnfl

EFFECT OF REPEATED SEDIMENTATIONS ON
THE VIRAL CONTENT OF THE SUPERNATANT FLUID
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cant unton of virus and normal mutochondna In additon attempts to
achieve umon n the presence of jontc medium or at 37 C were also with
out success
The story regarding the relation of p virus to

of nervous tissue ss remarhably siular The specific actinty of a whole
homogenate of mfected brain was 10-%4 while that of the mitochondral
fraction was 10-4® Even after four successive washings® the titer was
sull 10-*

EFFECT OF REPEATED WASHINGS
ON THE VIRAL CONTENT OF
MITOCHONDRIA

INFECTED MITOCHONDRIA
o

.
“NORMAL MITOCHONDRIA
. * VIRUS

VIRUS ~LOG ( EGG INFECTIOUS TITER)
T

1 2 3 4 5
NO SUCCESSIVE WASHINGS
Fic 3

Possibly the loss of mitochondrial matenal just as the nuclear aberra
tions could be secondary to viral mury at some other site A similar de
€rease 1 mitochondrial mtrogen has been recently described 1n connection
vath adaptive enzyme formation i the Liver of the rat * However m view
of the intimate attachment as well as buachemcal relation of herpes wvirus
to the hondria 1t was d: d that these lles were
20 mtracellular site of viral synthesis Later detenioration of the mito-
chondria on maturation of virus would account for the acenmulation of
large amounts of free virus m the cytoplasm
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While st mught be revarding to extend these observations with a direct
visualization of herpes virus i 1solated cellular structures 3t s uahkely that
the sigmificance of any partickc so visualized can be established untd the
morphology of the virus 15 known Already particulate materals inter
preted as virus have been found in a number of sonrces of herpes miection
Unfortunately these vary 1 diameter from 90 to 233 mp® ¥ Qur own

* made upon prep which we know to be impure are i the
range of 96 to 116 and these are n ag with values sub d
Reagan et al¥?

Perhaps more appropuate at this tme than clectron microscopy would
be the study of intraceliular distuibution of herpes virus as a function of
tme However for this the techmques using intact ammals scem com
pletely inadequate The first herpes virus to appear mnt the organs of the
chick embryo undoubtedly will be found m the blood which carmes the
virus from the extra-embryontc membranes Since some biood elements are
always found m the nuclear fraction 1t wall be difficult to determme whether
the earkest virus detected tirere particnfardy if 1t 13 small 1n amount 18
relgvant to wiral development mn the hepanc cell To cucumient these

EFFECT OF INHIBITOR ON INTRACELLULAR
VIRAL DEVELOPMENT

oo FLUID
-

TISSUE

NSBITOR S-AMING o{P METROXYPHENY LYMETHANE SULFONIC

LC!E CONCENTRATION D33 /774 ADDED AT 2ND HOUR
VIRUS TYPE A INFLUENZA STRAIN PRS

2 [] o

VIRUS ~ LOG INFECTIOUS TITER FOR EGGS
£ o

2 [
TIME N HOURS
Fio 4 Each culture contmined 400 mg of tissue The inoculin was added at
zer0 tme and consisted of 03 ml of medium with 4 titer of 16~ One culture
was wsed to obtan data for the points at each Gme interval The lissuss were
round separately with alundurn and the titers obtained represent the mfectious
fmr expressed per gram of tssue The tsters of the flusds are recorded on a per

it bass
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difficulbes 1t will be necessary 10 use & pure culture of cells 1 which aff
cells can be iofected sumultancously In many respects the Hela stram of
humas fumor cells grown 1n tissue cultuce mght be the most workable
material 3¢

Since the virus of antunal cells 18 produced and released over & conssder
able penod of bme even this approach may pot yeld uneqmvocal results
I the virus could be blocked from Jzaving the cell or from leaving the site
of development clear results might be obtaned The most mteresung ma
tenal i this regand s the viral imhsbtor e-amino—o—(p-tuethoxy phenmy}
methane sulfome 20id 2 A process occurs early sn the development of
nfluenza wirus which 1s sensitine 1o the action of this compound If the 1
hubitor 15 added after this process s completed 1e thirty minstes sfter the
virws smoculem  sephcation of virus wall occor but the release of virus from
1he chonoallantoe membrang 1s mparred * The apparent latent penod as
measured by the release of virus wmto the extra-cellular flud may be ex
tended as moch as three imes (Figure 4) Where the visrus 1s Jocated 1a the
cells under these copditions of liberanon inhubitson may be & question of
some pertmence The proper use of metabole antagonssts particularly 1o
conjunction with some of the newly avadable techniques for manpulatng
animal viruses can be expected o yield an ever mereasing amount of sig
nificant Brochemicat data not only refevant o mtraceliular sites 1mportant to
wiral & p but 5150 to probl the external b
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While 1t might be rewarding to extend these observations with a direct
visualization of herpes virus 1n 1solated cellular structures 1t 1s unhkely that
the sigmificance of any particle so visualized can be established untif the
morphology of the virus 1s known Already particulate matersals mter
preted as virus have been found n 2 number of sources of herpes nfection
Unfortunately these vary in diameter from 90 to 233 mpu ! 1817 Qur own

made vpon ons which we know to be impure are n the
range of 96 to 116 and these are 1n agreement with values submitted by
Reagan et al 17

Perhaps more appropriate at this time than electron microscopy would
be the study of ntracellular distnbution of herpes virus as a function of
tuime However for this the techmques using intact ammals seem com
pletely madequate The first herpes virus to appear mn the organs of the
chick embryo undoubtedly will be found mn the blood which cames the
virus from the extra-embryome membranes Smce some blood elements are
always found i the nuclear fraction 1t wall be difficult to determne whether
the earliest virus detected there particularly if 1t 15 small m amount 15
relevant to viral development m the hepatic cell To circumvent these
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Enzymic Changes i Virus Synthesis™

E A Evans Jr
O af h 4 of Chicoge Chicuge B! noax

Studies of the enzymic changes produced by ammat viruses i suscepuible
host pells have revealed 3 vanety of changes and with the advent of tissue
cufture methods winch may permat the large scale cultnanon of ammal
viruses one can hope for a great inerease w such wmformation In the ume
at my disposal however 1 shall confine myself to the hmited and special
case of the bacteniophage system Dy Cohen has already disewssed several
aspects of this subject and certamly the phenomena that he descnibes ase
of great ymp n our und: of viral rep:

It s clear that afection of a bactenat cell by a bocteriophage particle 15
not necessartly followed by the classieal preture mvolving wiral reproduction
and eventual fysis of the host One can distingwish at feast two and pos
sibly thiee kinds of phenomena subsequent to phage wfection

Fiest with the so-called temperate phages mvasion of the bactenial celf
by the wrus myolves unknown reactions which lead to the tronsformation
of the phage tto the so-called prophage The host cell conunues to grow
and reproduce 10 a normal fashion wath the prophage alko being reproduced
s an essentral component of each daughter cell onginatiag from the parent
Whether the prophage 15 2 spectfic molecolar entity or whether 1t s some
persisting alteration m the normal metabolic apparatus of the bactersal cell
is uncertain although there (s evidence that the prophage is closely asso
ciated with the genetie matenal of the cell Cultures of bacterra containing
prophage are termed lysogeme 1e  that 1 any growing culture of such
cells one finds that n a small proporsson of the celis the prophage ts spon
taneously transformed mio an active vegetalive pasticle which proceeds then

to develop mto mature phage This results m the Iysis of the particular cells
concerned with the Lberation of phage pasticles into the mediom This

Added by grants from ‘The National Foundation for Infantile Paralyss Inc and
e D Wallace C and Clara A Abbott Memorral Fund of the Univers ty of Chicago
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was demonstrated It 1s possible that under these eircumstances the phage
particles may be regarded as passive carners of single hereddtary traits
although the exact nature of the phenomenon involved 1s not clear

Our information s to the enzymic changes undergone by the host cell
durmg these vanous types of fectton ss stil very meager We know most
of the events mvolved 1n viral rephication 1n the case of the virulent phages
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Figure 2 15 a summary of expertments dealing with the onigin of the
various components of the viral progeny i the case of the even numbered
T phages T2 T4 and T6 which attack the E colt stram B Since one
mfecting particle ean lead to the formation of as many as 4 thousand iden
tical offspring 1t 1s clear that a net synthesis of considerable magmtude 15
occurnng 2nd it 1s possible by the use of 1sotopic tracers to demonstrate the
ongin of the various components of virus progeny As you see 70-80%%
of the actual substance of the viral offspring 15 synthesized from the am
monia and glucose and phosphate of the medum A small amount of the
protemn of the virus comes from the protein of the bactenial cell In other
words then synthesis of these phages mvolve the utiization of small
amounts of bacterial protem and practically all of the DNA of the bacterial
cell accompanied by synthetic reactions of large magmtude n which viral
DNA and protem are synthesized directly from the components of the
medium 1t 15 also clear that the large scale utilization of bactenal DNA
does not 1nvolve the transfer of large fragments of this material but as one
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occurs spontaneously to a small extent and for unknown reasons But it 1s
also possible to cause a I pl of the proph:

into the vegetative state by treating the prophage contaiing cells with a
vanety of so called inducing agents These include ultraviolet hght X rays

sulfhydryl pounds certain and agents efc
When such substances are apphed under the proper conditions to the cell
prophage of the prophage to the veg state

occurs and one observes practically completely lysis of the culture with
the Liberation of large amounts of virus particles The phage produced
under these circumstances 1s identical with the onginal nfectmg particle
and when absorbed 1 the same host will undergo agamn the semes of
changes I have outlined

All of thts 1s 1n marked contrast to the behavior of the so called virulent
phages When virulent viral particles are adsorbed by a sensitive host the
mfecting particle 1s fragmented or sphit and 1t appears that only the nucleic
acid of the virus (1e its DNA) participates 1 the further stages of virus
reproduction although a small amount of parent protein may also be 1
volved In any event 1t 1s impossible to demonstrate for a time the presence
of mature virus particles mside the cell but shortly they appear n mereas
1ng numbers until the cell Iyses with the hberation of as many as a thousand
particles 1dentical with the original parent

In the third type of bactenal invaston by bacteriophage the role of the
bacteniophage particle 1s not entirely clear but 1t 1s possible that 1t 15 1
volved in the transmission of single hereditary traits Zmder and Lederberg!
found that two different auxotrophic mutants of Salmenell: typhimurium
when separated by means of a ground giass filter exchanged genetic char
actenstics by way of a filterable agent designated FA They parteally

charactenzed the FA by centn electron and diffusron
through membranes In size appearance and actiity FA was found to
bear a close to the lysog phage of 11

yp
More recent experiments by Baron and his collaborators have mvolved 1
mutant form of Salmonella typhosa Ty 2 characterized by 1ts ability to
ferment zylose and by its resistance to streptomycmn This stran was Jysed
with phage V 1 and the lysate punified A receptive stramn of Salmoneila
typhosa which was xylose negative and streptomycm sensttive was then
incubated with the purnified lysate Significant reverston to the onginal host
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was demonstrated It 15 possible that under these Circumstances the phage
parcles may be regarded as pasuive carnters of suigle hereditary traits
although the exact nature of the phenomenon savolved 1s not clear

Qur snformation as to the enzymuc changes undergone by (he host ceff
dugmng these vanous types of snfection ts stlt very meager We know most
of the events imvolved m varal rephcation in the case of the virulent phages
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Figuse 2 55 a summary of expeniments deahng vath the ongn of the
vanous components of the virai progeny 10 the case of the even numbered
T phages T2 T4 and T6 which attack the £ colt stram B Since one
infecting pasticle can had to the formation of as many as a thousaad sden
tcal offspring 1t 15 clear that a net synthesss of considerable magntud, ¥s
occurning and it s possible by the use of 15otopr. tracers to demonstrate the
onpin of the various components of wirus progeay As you see 70804
of the actual substance of the vssal offspring 1s syathesized from the am
moni and glucose and phosphate of the medum A smalf amount of the
protein of the virts comes from the proten of the bucteral cell In gther
words then synthess, of these phages mvolve the unhzation of smalt
amounts of bactenal protess and practically alt of the DNA of the bactenat
cell accompanied by synthetic reachons of Jarge magnstude 11 which viral
DNA and peotein are synthesized directly from the components of the
medwm 1 s also clear that the large scale utdzation of bacterial DNA
docs not invalve the teansfer of large fragments of this matensal but as one
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can show by tracer expeniments proceeds by the preliminary breakdown of
DNA to smaller fragments and the utibization of these for the synthess
of virus DNA However even though there appears to be a preferential
utihzation of host DNA st seems that there 15 nothing obhigate about this
transfer since the viru  particles synthesized 1n the latter stages of the
reproductive process contam relatively smaller quantities of host materials
In addmon to these transfers a portion of the substance of the safecting
pirtticle also appears in the viral oftspring but thus 1s small 1n amount and
there is no evidence that the transfer of this material 1s an obhgate feature
of viral synthesss The prcture emerging from these studses mdicates that
with the viralent phage the infecting particle loses 1ts physical mtegoty 1
the early stages of the process and that while there 1s utization of the
actual matenal of the parent virus and possibly preferential wiihzation of
portions of the bactunal host cedd there 1 no endence that these transfers
ate necessary for viral synthesis to proceed
It follows that enzymatic mechanisms for these vanous changes must
be present 1n the mnfected cel} and that such mechanisms must be derved
either from existing components or by de novo synthesis However atis
not certawn that all of the changes observed m infected celis are necessartly
mvolved 1 wirns svothesis
In the case of such virnlent phages as those of the T group actng on
E col: stran B 1nfection s folfowed by cessation of bacteral gronth If
the oxvgen uptake of the mfected bactenia ts measvred 1t )s found that
resprration coptinues but that the incrense found i growing cells i not
observed That 15 the bactena respie at the rate exsting at the time of
wfection and 1t appears therefore that there 1s no increased synthests of
the enzymes 1nvolved i the respiritory mechamsm The svathews of RNA
1 also blocked with mfection and the quantity of RNA prescat remains
the same throughout the latent period The infected cell is meapable of
forming adaptive enzymes Any adaptation taking place at the moment of
snfection 1s immediatelv stopped and the umount of adaptive enzume
present i the cell remains unchanged After a short fatent penod one can
observe mereases 1 the amount of both proten and DNA present and
these Jatter proces es contiaue until the cell is Jysed
However some of these changes cn be demonsteated n the absence of
actunl viral reproduction Herrott and his collaborators? have studied prop
erties of the ghost forms formed by osmotic shock treatment of the
phage T2 In bacterial cells treated with an average of three ghasts per celt
they found RNA synthesis blacked but DNA and proten were formed in
appreciable quantities So far s ¥ am aware dwect examumation of the
chercal nature of the DNA synthestzed und.r these eircumstances has not
been made but Hernott suggests an the followng grounds that the DNA
t d under these 15 probably not that characterishc
of the virus Treatment of the normal host cell with dilute aqueous sulfur
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mustard was found to block the synthesis of DNA These same cells how
ever were able to produce normal quantities of T2 virus which meant that
they were able to synthesize virus DNA although unable to form host DNA
Hernott and hus assoctates now find that host cells treated 1 the same man
ner with sulfur mustard and then tmfected with the ghosts of T2 were not
able to synthesize DNA although some protetn was formed This would
alyo suggest that the material injected by the virus which appears to be
primanty DNA s needed for viral DNA synthesis—perhaps as Herrott
suggests—to replace a key component of the synthetic mechantsm of the
host destroyed by treatment with the sulfur mustard

The changes observed after imfectton by a temperate phage differ
markedly from those already desciibed After a prophage carrying bacterial
cell has been treated with an mducing agent for cxample ultraviolet Iight
the oxygen uptake of the cell continues to mncrease and the cell continues to
grow although cell dtvision does not occur These cells continue to syn
thesize RNA and are capable of forming adaptive enzymes almost up to the
time mature virus particks can be detected i the cell One also observes
the mcreased synthests of DNA and protein which 1s the common feature
of both types of mfection

It 15 not clear why with the virulent phages the inhibition of the syn
thetic reactions of the mfected cell should be so much more extensive
Jacob* has made an interesting study of this phenomenon companng the
mfection of P pyocyanea with the virulent phage P2 to infection with the
temperate phage P8 In huis expeniments glucose served as the sole carbon
source for the bacteria and could be introduced at a controlled rate. When
the available glucose concentration was reduced beyond a certan point
then bactenial growth was retarded However 1 bactenia mfected by the
wirulent phage Ja.ob found 1t possible to reduce the amount of available
glucose to 45 or % of that necessary for growth without affecting the
yield of virus per bacterial cell It was only after the environment contained
less than 1% of the carbon necessary for bactenal growth that the yield of
phage patticles per cell dechned

In P pvocyanca mfected with the temperate phage P8 and induced with
ultraviolet ight he found egain that phage synthesis 1s the last process to
be affected by a decrease m the concentration of available glucose As the
glucose concentration of the medium 1s lowered RNA synthesis and the
ability of the cell to form adaptive enzymes are all decreased However the
phage yield remamed unchanged and 1t was necessary to lower the con
centration of glucose available 10 15 or 14 of that required for growth be
fore the synthesis of virus was decreased Two conclosions denve from
these experiments first that spite of the synthetic lunitations that occur
‘with the virulent phages p a portion of the bol
actvity of the mfected cell 1s not directed to virus synthests and secondly 1t
would appear that i the case of both virulent and temperate phages phage
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synthesis has a preferential claim on the energy and material sources avail
able to the nfected cell

1 bave already mentioned the fact that infection with the virulent phages
does not cause any d h of the d with the
respiratory system and 1t ss of nterest to mquire whether all the energy
available for viral synthesis 1s used directly for that purpose or whether the
cell must use part of the available energy to form new enzymes and other
metabolic machinery Evidence bearing on this pomt 1s still incomplete
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In the case of the mcreased synthess of the pentose desoxynibose which
must occur 1n the mfected cell Cohen has shown that this 1s affected by 2
quantitative shift in the balance between enzymuc reactions already existing
1n the normal cell

Both Pardec® and Kozlofi* have observed a stnking mcrease in the
DNAase activity of mfected cells although the exact physiological role of
this enzyme 1 virus synthesss 1s not clear Kozloff i our laboratory has
<hown that the two or three fold increase 1n the DNAase activity of mfected
E coli cells can be ascnibed prumarily to a decrease 1n the presence of 2
naturally occurnng intubitor In the untnfected cell the mhubitor 1s present
1n excess and little or mo DNAase actiiity can be demonstrated 1n nommal
cells As inf 2 the of this mhibitor decreases
although some still remains at the moment of lysis Dr Kozloff at the mt:
ment 18 wvolved in studymng the chemical nature of both the DI:hAl a!n
the mhibstor He has punfied the enzyme some 60-fold The mhbitor
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proves to be heat stable nondialyzable unaffected by shaking wath chloro-
form and 1s apparently a specific nibose nucleic acid component of the bac

tenal cell As one would expect the inhibitor can be destroyed by nibonu

clease Centnifugal fractionation of somic extracts of E colt show that the
wmhibitory RNA compnses a small fraction of the total RNA m the cell The
action of the mtubitor Is quite spectfic masmuch as DNAase from pancreas
15 unaffected by 1t The inhibator apparently combines durectly with the
enzyme since the reaction between inhibitor and enzyme which occurs
instantaneously 1s unaffected by the source of desoxynucleic acid used as a
substrate and can be reversed by treating the inhibited DNAase with 1ibo

nuclease
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At the moment data supporting the view that new ¢nzyme systems are
created dunng viral replcation is denved entirely from the expenments
concermung hydroxy methyl cytosine (and thymune?) already descnibed by
Dr Cohen Iusofar as DNAase activity 1s concerned as with the carbohy
drate synthesis an alteration 1 known enzymic processes occurs rather
than the appearance of a quahtatively new reaction

However we are merely at the begintung of an exploration of the en
zyme systems mvolved in virus synthesis and the data available are still
insufficient to permut general conclusions
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DISCUSSION

Mechamsms of Virus and Rickettsial Iufections

DR HORSFATL In regard to Dr Commoner s seport particularly the mt
munological data I wondered whether he had attempted to use cross ab-
sorption technuques with a view to determiming whether he was dealfing with
a muxture of anttbodies or specific antibodies dwected only agamst TMV
The reason for this question 15 some concern regarding the possible con
tamunation of the B3, B6 and A4 components with small amounts of TMV
or vice versa

DR COMMONER We have used the agar diffusion techmque to confirm the
cross reactions among TMV and the nonvirus protemns These tests show
that the reactions of TMV with anti B8 serum and of B8 with antt TMV
seram represent smgle component systems Furthermore from diffusion
rates 1t can be shown that m a given serum the same anubody reacts with
the homologous and heterologous antigen

pr xiop (Moderator) Dr Commoner while you stll have the micro-
phone would vou be willing to consider a more general question? What
would be the simplest explanation of the sigmficance of the nomurus
protemns?

DR cOMMONPR T am very reluctant to propose such an explanaton We
still know so hittle about protein synthesis m general and about the bio-
chemustry of TMV reduplication in particular that there 1s no jusufication
for making the assumptions which would be required by any effort to fit
our data inlo a simple explanation It 1s better I thuk to admut our 1gno-
rance and to work for more data

pr wooLLEY T almost hesitate to come up hure m view of Br Con-
moner s remarks but then I fee) that progress 1s only made by putting 180
and two together to make four so I want to try and do 1t This 15 1z con

nection with Dr Cohen s most interesting findings Let us first remember
what 15 now considered to be the muchantsm of formation of thymme and
of methionne The methyl group of methionine 15 thought to anse first as
an h)dmx\mcth)l group (attached to the sulfur of hemocystenc) which 1s
then reduced 10 —CHs The carbon of this methyl group comes from
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formatic and related compounds which constitute the so-called pool of one
carbon compounds Similarly 1t has been shown that the methyl group of
thymine comes from this one-crbon pool We can picture the reactions
starting from let us say cytosine as the formation of 5-] hydmxymethyl-
cytosine whch 1s then reduced to S~methyl-Cyt Thus latter

15 a known constituent of some desoxynuclaic acids and could of course
yield thymine by simple deamination The reaction sequence here therefore
would be quite analogous to the one believed to function in the formation
of methiomne Now let us apply this 1dea to Dr Cohen s findings He has
observed the ac ymethyl—cytosine 1n the phage
What T wish to suggest 15 (h:\t the phagc constitutes a specific block m the
normal synthesis of methylcytosine and/or of (hymme Smce the normal
process 1s thus blocked the 5-hy 3 and 13
incorporated by the virus mto its nucleic acxd The phage 1nfection thus
results un a spectfic block at this particular point

PR LUmA Dr Commoner has stated that the problem of the synthesis of
the tobacco mosarc vifus 18 a problem m altered protem metabolism In the
hight of what 1s known for bacteriophages 1t would seem logical to suppose
that the primary problem may be one of altered metabolism of nucleic acid
and that the metaboltsm of protems 1s altered mn a secondary fashion In
connection with Dr Ackermann s paper T think that it 1s perfectly correct
10 say that herpes virus is found 1n the mitochondrial or microsomal frac
tion but as long as measurements are Iimited to nfectious virus we are not

ustified 1 nterpreting the results i terms of the site of synthests of herpes
virus

DR COMMONER In answer to Dr Lunas pownt I should Iike to agree that
TMYV reduplication 1s a problem of nucleoprotemn synthesis rather than the
synthests of protetn alone There 1s of course no yustification for restricting
one s approach merely to protein synthesss The wirus 1s stself a nucleo
proten and there 15 considerable evidence that nuclerc acids are mtimately
mvolved 1 all protem synthesis

DR L pMocHowskl (Umiversity of Leeds England) There 1s one ques
tion I should hke to ask Dr Ackermann mn connection with his nter
esting studies on fractionation of virus of herpes If I have undesstood him
correctly he has mentioned that the infective property of herpes 15 m part
associated with the mitochondnial fraction of mfected cells Now I for one
am hesitant at the moment to accept thus and if companison 1s possible

between one viral agent and another I would hl\e to mention experiments
carrted out 1n col; with my fi

of sponta
neous mammary tumours i muce which have the so called mammary tu

mour mducing agent or virus In the fractionation studies we carried out



120 DYNAMICS OF VIRUS AND RICKETTSIAL INFECTIONS

1n an attempt to ascertan the distnbution of the mammary tumour agent
among the vartous cellular constituents we obtaned results similar to those
mentioned by Dr Ackermann The vartous fractions of tumour cells ob
tamned by differential centrifugation were senally diluted and mjected into
suitable test mice Serial dilutions of all fractions were made because 1t was
felt that only m thus way could a true picture of the distrtbution of the agent
be obtaned when combined with approprrate electron microscope 1nvestiga
tions of these fractions It was found that m dilution of 10~ the homog
enate that 1s the fraction obtamed after removal of unbroken cells debns
and nucler the merdence of tumours mn the test mice was 90% nucler i the
same dilution gave only a 10% madence of tumours 1 the test mice while
mitochondna were mactive and mn a lower dilution that 15 in 2 dilution of
10~ mtochondria gave an incidence of 209 of tumours in the test mice
the so called large microsomal fraction induced a tumour incidence of 30%
n a dilution of 10—% and an meidence of 50% m a dilution of 10~°
finally the so called small microsomal fraction gave an mesdence of 50%
of tumours 1n a difutton of 10~ and 70% 1ncidence m a difution of 10-%
c ap of electron py has shown that the nuclear and
mutochondnal fractions for some unknown reason contamn a constderable
number of microsomes and 1n spite of repeated washings the microsomes
are still 1n these fractions—perhaps in diminished numbers but sull there
We came to the conclusion therefore that the tumour inducing actvity
of the nuclear and hondnial fi as far as the ry tumour
agent was concerned was due to the presence of small nucrosomes 1 the
fractions that1s particles of an average diameter of 300 A The so-called
large microsomal fraction of tumour cells was composed of particles which
pp d to be of small and smlar 1 appearance
to the loganberry fruit as well as free small microsomes and hence the
comparatively tugh biological activity of these fractions
From the results of the biological tests and the electron microscope
studies we concluded therefore that the tumour mducing actvity of the
mammary tumour agent 15 present mostly m small microsomal fracttons
and such activity as 1s assoctated with erther the nuclear or mitochondrsal
fractions 1s only the outcome of contarmination of these two fractions with
small microsomes
I would Ike to hear Dr Ackermann s views on the above comparison of
his results with ours and also whether n his studies he has carned out any

electron microscopy

DR ACKERMANN We know hittle of the relation of the virus to the micro
somes however the virus we find assocrated with the mitochondnia of 10
fected tissue does not seem to result from contaminating microsomes It
one mixes mitochondra obtaned from normal tissue with a supermatant
fluxd prepared from mfected tissue 1t 1s possible to separate the virus from
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the mutochondna However I doubt 1f the ressolated mitochondna are
entirely frec of microsomes We have not attempted electronmicroscopy
because we doubt whether the morphology of the herpes virus was suffi
ciently well established that one could recogmze the elementary bodies m
tissuc 1f they were

DR T E CARTWRIGHT (Umiversity of Pittsburgh) In view of Dr Adams
remarks I should like to hear Dr Commonet s comments on some of the
work which appears in the the apparent P

of tobacco mosaic virus at the expense of the normal nucleoproten

DR COMMONER This queston refers to the work of Wildman et of who
reported that TMV was d by of p ung normal
protein This proposal does not conform wath the facts The reasons for this
conclusion are the following (1) What Wildman et a! observed was that
the amount of a normal protetn present n the leaf declined durning the time
when TMV was synthesized they assumed a causal connection between
these two events However their data show that the normal protein content
of uninfected leaf atso dechined dunng the time of the expeniments There
1s therefore 1n thewr own data no support for the conclusion that TMV
15 necessanily formed from normal protein (2) Isotope experiments by
Meneghini and Delwsche and 1n my own laboratory show that the bulk of
TMV mtrogen must be denved from a non protein source In our own
expeniments there 15 specific evidence that the mitrogen appeanng tn TMV
does not pass through the soluble normal proteins the bulk of which 15 due
to the protein which Wildman et a! proposed as the source of TMV (3)
Repeated tests show no antigenic relationships between TMV and the sup
posed normal protemn precursor It 1s quite possible of course especially 1n
condittons of mitrogen starvaton that mitrogen onginally contamed 1n nor
mal proteins may serve as a source of TMV mitrogen However this can
only accur as a result of degradation and the normat protein nitrogen must
then pass through the non protein mtrogen pool before becommg available
for TMV synthesis A normal protein which so serves asa source of TMV
mitrogen does not have a spearfic role i TMV synthesis

DR RIVERS There are substances known as specific soluble substances asso-
ciated with viruses and for a number of years my 1ssociates worked on the
specific soluble substances of vaccima T have never been able to convince
myself that this specific soluble substance was other than something made
by a sick cell that was infected by vaccima virus I dont beheve anybody
has brought evidence to prove that specific soluble substance 1s an essential
part of vacema virus T know that many people believe that 1t 1s a part of
the virus but the proof has never been brought Now Id like to ask a simple
question When a diphthena bacillus 1s tnfected with a prophage 1t makes
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dipbthena toxm 1 askh Dr Commoner whether or not diphthena toun is 1
any way related to the precursor of prophage

MR BawDPN 1 would ke to comment on Dr Rners question and say
that 1 my opmton the various speerfic antigens from plants infected with
tobacco mosaie virus are serologically equivalunt to the  soluble antigens
that have been found assoctated with some ammat virus diseases Al of
them can be considered as products of a deranged protern metabolism of
the host and whereas the structure of some fits a pattern that makes them

mfective particles the structure of others does not
Dr Horsfall asked whether the vanous aniigens are :dentical o only
related I cannot answer for Dr Commoner s frictions but when Pinse and
I were fr the I leop from tobaceo mosae
plants we found that we could get a range of particles with sedymentation
constants rangng from about 20 to over 260 The large particles were
greatly eloogated and gave serologial reactions of typical flageliar type
whereas the small ones were almost spherical and gave typwal somatc re
actions Their antigenic content however seemed to be wdentical for we
d antisera sef against p of the largest and th:[
Jetely o

henrhed

P

smallest particles and each could be p
antibodies by each type of preparation When farge particles are distupted
by ultrasones too the antigenicity 1s not aftered Schramm considers that
every antigen charactetistic of eacht strain of tobacco mosaie virus 15 car
ried with each fraction of the virus with a molecular weght of about 30 000
Antigenicallv then there seems 1o be no difference at all hetween the large
and small speeific partcles found in extracts from plants with tobacco mo-
saic but there 1s a world of difference w their ability to mnfect healthy
plants 1t s this difference the disunction between a ptotemn that 1s and 38
not mfective that separates plant viruses from other nucleoprotems and
15 one we need to find for sn 1t may ke the ongm of virus diseases
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Ecology and Virus Reservoirs

Richard E Shope
The Rockefeller Institute for Medical Research New York New York

Introduction

Because of the large shortage of knowledge concerning the natural history
of virus diseases my discussion of the topic that has been assigned me
Ecology and Virus Reservoirs  will have to be partly speculative I shall
begin with the thesis that we do not understand completely the ecology of
any sigle wirus disease of either ammals or man though we do have rea
sonably accurate knowledge of the epidemiology of some of them We
understand for mstance the epidemiology of yellow fever dengue and
equine encephalomyelitis encompassed 1n the host to-host transpussions of
the causative viruses by mosquitoes We are lacking however 1 full
knowledge of the eventual sources from which these viruses come to set up
and establish that segment of the cycle that we do understand In the cases
of the contagious virus diseases of man we have a good understanding
for mstance of the transmission of measles mumps and chicken pox from
case to case once an epidenuc gets under way but are completely lacking
n accurate nformation as to the exact sources from which the virus m
fecting the first case 1n an outbreak may have come Even in the case of a
virus disease such as rabies whose epidemiology we understand so well we
are still woefully laching 1n accurate snformation concernng its ecology and
the mechanism by which a reservoir of infection 1s maintamed m nature
For reasons that are readily apparent to anyone who has tned to do
epidermological or chinical research with human matenal 2mimals and their
diseases present a much more favorable subject for study than do man and
his atdments It 1s probably because of this that we have more extensive
f of an character g several animal virus dis
eases than we do concerning human virus infections While as mentioned
i an earlier paragraph I do not consider that we understand completely
125
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the ecology of any smgle virus dssease of etther animals or man there are
several ammal virus diseases 1n which I behieve we have a sufficient under
standing of the ecological factors involved to serve for profitable discusston
I should Iike therefore to consider three virus diseases of animals which
are of mterest from the standpoint of the role played by resersorr hosts m
therr ecology and which seem to me to illustrate pomts that may profitably
be apphed 1n working out the ecology of other virus infections less ap-
proachable from an expersmental standpomt Each of these three diseases
will be outhned primardy from the standpomnt of the progressive steps
which Ied to the elucidation of 1ts ecological features to the stage at which
these are now understood or assumed

Consideration of Ecological Patterns m Certain Virus Diseases

Bovine Pseudorabies This may be defined as an acute highly fatal m
fectious disease of cattle caused by the pseudorabies virus The disease 15
known popularly throughout the Middle West where 1t 1s most prevalent
as maditch fromts cardinal chnrcal feature an extreme prunitis 1n which
the animals mutilate an area of skin somewhere on their bodies by persist
ently heking and biting at the affected area ! Death always ensues usually
within 36 to 48 hours of the time the ammal 1s first noticed to be affected
As a rule only a small portion of a herd 1s involved and 1t 1s not uncommon
to have single cases observed i rather large groups of ammals Bovine
psendorabres 1s not a contagious disease and normal cattle can be pastured
or stabled in intimate contact with sick cows without hazard of mnfection
Each case of bovine pseudorabies constitutes i reahty a blind alley infec
tion and 1t 1s obvious that unless some reservoir host capable of perpetu
ating the virus existed pseudorabies would die out and be forever lost 11
the first cow 1t killed

Constderation of several outbreaks of the disease on Towa farms made 1t
quite apparent that the cattle were bemng mfected by exposure to some host
normally present tn the barnyards Snce in these various outbreaks only
cattle among the several types of ammals resident in the barnyards dted 1t
was app that the mf host what 1t might be must be serving
as a reservorr host one not subject to fatal or even chmrcally recognizable
mfection by the pseudorabies virus Cats dogs horses sheep and rodents
could be eltmunated from consideration on this basis because they could all
be shown to develop fatal pseudorabies when mnfected with the virus It was
studues of the pathogemcity of the virus for swine that finally furnished the
clue to the reservoir host for bovine pseudorabies It was found that pseu
dorabes 1 pigs was quite different from that m any of the other animal
spectes studied Instead of regularly killing as 1t did n cattle and all of the
other potenually suspect hosts pseudorabies virus caused an extremely muld

and almost silent nfection in swine Aside from a transient temperature
vation swine showed few clinical f of 1llness F

ele
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pscudorabies 1n swine proved to be highly contagious 1n contrast to 1ts non
contagiousness in cattle and other expenmental ammals Its mild but aghty
contagious character thus fitted 1t potentsally at least as an 1deal reservoir
mfection It was found that transmission from swine to swine was by way
of the nasal passages and 1 some mstances virus could be detected 1n or
on the noses of infected pigs for as long as 10 days Pseudorabies could be
transmtted from swine to expenmental animals by mere nose to skin con
tact and 1t 1s believed that this 1s the mechanism of transfer from swine to
cattle under natural conditions

Two field obscrvations supported and strengthened this hypothesis One
of these was the observation that all cases of bovine pscudorabies seen per
sonally or of which I had a record occurred on farms where swine and
cattle were kept together 1n the same enclosures The other was the obser
vation that in two outbreaks where lhc matier was studied 1t was found that

virus dies were present in the sera of swine

associated with the infected cattle This mdicated that the swine had under
gone a previous mfection with pseudorabies wirus and could therefore have
been responsible for the spread of the wirus to the cattle with which they
associated A point of some nterest was that on all farms where pseudo-
rabies oceurred among the cattle no illness was noted among the swine by
the owners the porcine pseud infection had app been com
pletely silent

‘With the ncrimination of swine as the reservowr host from which cattle
can acquire pseudorabies at least a partial understanding of the ecology of
bovine pseudorabtes was at hand That the whole of 1ts ecology has not
been clanfied 15 indicated by the fact that we do not as yet know the mech
amsms by which pseudorabies virus 1s mamtained mn its porcme reservor
host While the virus produces a contagious disease 1n swine and persists in
the noses of infected antmals for a number of days 1t seems questionable
that case 0 case transfer cin be held accountable for mawntaimsng the
fection permanently mn a swine drove 1t seems most probable that some
other reservoir host capable of periodically setting up porcine outbreaks
exists on infected farms The nature of this hypothetical reservorr 1s not
known There 15 a possibility that tnfected rats migrating to another barn
yard to die can when eaten by swine on the new farm establish a new
poreine reservorr * However since mfected rats always die within a period
of 2 or 3 days of infection they cannot be visualized 1n any epidemiologic
role other than that of a potential h for
from swine drove 10 swine drove on nesghboring farms and certanly conld
not be held suspect of mamtaiming a permanent swine reservorr of infection

The factors which have 12d to the partial elucidation of the ecological
features of bovine pseudorabies may be summarized as follows

1 The opportumty to study outbreaks of the discase repeatedly m relz
tively closed populations of cattle
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2 The finding of 2 host swime n which pseudorabies virus causes a
mild subchinical allment

3 The finding that this potential reservoir host sheds virus 1 a manner
capable of infecting cattle

4 The observation that all of bovine occur on
farms where swine and cattle are kept together 1n the same enclosures

5 The observation that on farms where bovine pseudorabres occurs the
associated swine furmsh serol 1 evids of having und: nfection
with pseudorabies virus

Salmon Poisomng This 1s an acute highly fatal disease of dogs and other
Camdae lumted geographucally 1n distribution to that portion of north
western California western Oregon and southwestern Washington Iying
west of the Cascade Mountains The disease has been recogmized ever since
the Pacific Northwest was first settled by white men and their dogs but 2
sertes of varymg views concerning the cause of the condition have marked
the working out of its ecology Practical dog owners living along the streams
and nivers of the area n which the disease prevails had long contended
that 1t was a definte clinical entity which resulted when therr dogs ate

spawned out salmon and 1t was for this reason that the condition came

to be known as salmon poisoming ¢ It was not until 1927 when Donham®
reported finding an mtestinal fluke now known as Troglotrema salmincola
n dogs dying of the disease that the first real progress was made towards
understanding the disease and determming 1ts cause Donham found the
encysted metacercaniae of this fluke m both salmon and trout produced
the disease by feeding these metacercanae to dogs and recovered the ma
tured parasites from his experimentally fed ammals He beheved at the tume
that lus expeniments indicated this fluke to be the actual cause of salmon
powsoning Later 1t was shown that the snail host of the fluke was Gon
obasis plicifera This discovery d the hical di of
the disease as the snail 11 question has been collected only in those sectrons
where salmon poisonming occurs ©

For about 5 years Donham s fluke seemed satisfactonly to fill the role
of the etiological agent in salmon poisomng However certam features of
the disease were incompatible with the fluke theory of causation and 1t was
these that led to further work and a clearer understanding of the actual
role played by the fluke It was recognized by people working wath the
disease that 1t had many charactenistics of an acute infection The defimte
yncubation period the sudden onset the severe systemc reactron rapid
course and the definite immunity 1n those few dogs which recovered were
all suggestive of an wnfectious disease The crucial expenments were pub-
1ished by Smms and his co workers 1 1932 and in these 1t was demon
d that an infectious agent separable from the fluke was capible of
Imon poisonmg It was found that

strate
reproducing the chimical preture of sal
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blood taken from dogs acutely 11l following the 1ngestion of fluke infested
fish contamed an agent that was lmnsmlssn:le serially to other dogs Such
blood given either to dogs caused a
disease that was 1dentical to that rcsulhng lrom the ingestion of parasitized
fish The infectious agent which was not cultivable on bacteriological me
iz could be passed successfully from dog to dog by blood transfer It was
apparent from this work that the true cause of salmon poisoning was an
mfectious agent carnied by the worm but separable from 1t The causative
agent has recently been determined and from ats description appears to
have the properties of a large virus like entity ®

With the incrimination of the fluke Troglotrema salmincola as a reser
voir host for the tive agent a parual und: ding of the ecology of
salmon possoning was at hand The cycle through which the virus had to
pass 1n getting fram dog to dog was a complicated one and one 1n which
as will be pomnted out later gaps m our knowledge still exist

To recapitulate and summanze the ecology of salmon poisomng the
survival of the virus and its transmussion from dog to dog 1s apparently
dependent upon nfected miracidia shed by flukes within the gut of a sick
dog getung to a particular species of snal Gomobasis plicifera After de
velopment within this snail cercanae are shed by the snatl and these infest
either a salmon or a trout Withm the fish the cercanae penetrate to an
appropriate organ usually the kidney where they encyst and become meta
cercanae The metacercanae after ingestion by a dog m the process of
devouring an infested fish develop to adult flukes within the gut of the dog
and 1n the process infect the dog with the salmon poisonung virus that has
been carried throughout the whole of the worm s cycle from dog through
snail and fish and back to dog

As mentioned above there are sull gaps 1n our knowledge of the cycle
One of these concems the physiological state of the virus within the redial
and cercanal developmental stages of the worm in its snail mtermediate
host In these two worm stages virus has not been demonstrated directly
by dog noculation” and 1t secms hikely that it exists in a masked or non
mfective form In the metacercanal stage in fish on the other hand and of
course m the adult fluke 1 1ts dog definitive host virus 1s durectly demon
strable by infectivity tests Another gap 1n our knowledge of the ecology of
salmon poisorung concerns the defimtive mammalian host other than ¢a
mnes in which the virus infected fluke can live without Xilling 1ts host Such
a host must exist to assure perpetuation not only of the fluke but of the
salmon poisoning virus that it carnes as well Without such a host to main
tan the cycle the hugh fatality of the virus for cantnes could under natural
conditions be expected to break 1t at the defimtive host stage with conse
quent eventual disappearance of the disease through a process that might
aptly be termed ecologic swcide  The raccoon may be the alternative
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definutive host for the virus infected fluke® 2nd perhaps tus host will esen
tually be estzblished as an smportant ecologscal factor 1m the natural histosy
of salmon poisoning
The factors which hase lfed to the elucidation of the ecological featuses
of salmon porsonng to the pomt that these are understood today may be
sunumarized as follows
1 Recogmtion that the disease was hnuted to a ciscumscribed geograph
1wal area and was m some way related to the mgeston of fish
2 The finding of a parasitic worm m dogs common to alf cases of the
disease
3 The e of the 1al stage of this vorm n fish
4 The observation that the spail mtermediate host of the worm had 2
geographical distnbution comading closely with that of the disease stselt
5 The g that salmon d a chawcal picture
dsffermg from that expected to result from a worm snfestation per s¢
6 The establishment of the fact that the disease could be transmutted
senally sn dogs by an agent separable from the worm
7 The Wdentification of the causatine agent
Swne Inflyenza This is an acute hghly contagious respustory disease
of pigs caused by Hemophilus influenzae sws and the swine influenza virus
acting in concert The disease made its frst appearance so far as anyone
knows 1n 1918 at the time of the great human mfluenza pandemyc * Any
claim that a disease 15 entirely new usnally arouses skepticism However the
estabhshment of an infectious agent m a new host has often been carned
out expenimentally and might concervably under favorable conditiens 08
cur sn nature There 3s considerable smdirect evidence that such a thing
happened w the case of swine mfluenza and that the disease arose i pigs
as a result of therr wfection by the virus which raged through the human
populatron during the great 1918 mfluenza pandemie Lasdiaw'® and I'
outlined some tme ago eudence supporting that contention  Recently
Davenport Hennessy and Francis'* have presented serological evidence
sdding strength to the hypothesis
This new disease which appeared m snane back 1 1918 was not 2
sporadic and localized outbreak actually muthons of hogs beeams it and
thousands dicd dunng the first few months that st prevaded The first eps
zootse persisted 1t varzous localities until January 1919 and reappeared 1t
the autumn and winter of that year almost as extensive and severc as m
1918 It has recurred each year since then but vanes annually m us seventy
and extent
Charactenistically swine nfluenza epizooties begin explosively late 1
October or carly i November 03¢ The build up in cases 15 extremely rapd
and one gams the impression that the discase enher spreads hike waldfire or
fias ansen at many diffetent foct smultancously The disease sf 1t 13 actually
disserminated from farm 0 farm gets spread about 1n maracufously rapd
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fashion 1n fact so rapidly that the theory of spread from farm to farm by
actual contact 1s an almost unbelievable hypothests After the imitial wide
spread outbreak fresh swine droves become mfected m smaller and smaller
numbers until by late December as a rule the epizootic appears to have
run its course and swine influenza disappears as a farm infection until the
follow g October or November The bactenial component of the etiological
complex H nfluen ae sius can persist m the upper 'y
tracts of some recovered swine However similar persistence of the virus
cannot be demonstrated
The whereabouts of swine nfluenza virus duning mterepizootic periods
and the ongin of that infecting the first cases m a succeeding epizootic
remained a mystery for many years While clues indicating that 1t must
persist night on the affected farms from year to year were numerous they
were not explicit enough to enable one to determme just which of the
possibilities might be most profitable for exhaustive study The observation
which finally led to an understanding of the epizootiology of swine influ
enza was made 1n two stages First 1t was found that swine under natural
condttions could be carriers of latent swine mBuenza virus which by certam
manipulations could be provoked to mfectivity ! Secondly it was found
that swine acquired these latent swine influenza wirus infections through an
wmtermediate host the swine lungworm 1%
The intermediate host system whereby swine mfluenza virus from one

epizootic 1s preseried to mfect the first cases of a succeeding eprzaotic
1s not 2 stmple one The swine lungworm 1s the actual reservorr and mter
mediate host of the virus However the lungworm has an intermediate host
of 1ts own the common earthworm and must spend three of 1ts develop-
mental stages in 1ts earthworm intermedsate host before 1t can parasiize
swie 1718 Swine acquire their lungworms by eating earthworms mfested
with third stage lungworm larvae If these lungworm larvae were hatched
from eggs laid by an adult longworm while she was infesting the lung of a
Pig with influenza they will be carriers of masked wnfluenza virus The pig
acquinng the larvae will then become nfected with masked virus when the
larvae migrate to 1its respiratory tract The term masked 1s applied to
virus m its lungworm intermediate host to indicate that 1t 1s present there
n an occult and not directly detectable form Swine mfested with Tungworm
carners of this masked swine influenza virus remain normal to all appear
ances and there 15 no way of detecting directly that they are actually carry
ng swine wfluenza virus However such swine are 1n a precarious situation
0 far as their eventual well betng s concerned because all that 1s required
to bring them down with a severe or perhaps even fatal attack of influenza
15 the apphication of some stmulus of itself relatively harmless Several such
provocative stmult have been used but the one that has proved most
regularly effective consists 1n the ad; of multiple

wnjections of the bacterum H ifluen ae sus*® Under natural conditions
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on the farm the provocative simulus 1s probably meteorologreal 1n charac
ter and 1s m some way associated with the onset of wet cold mclement
weather I succeeded last year in provoking influenza infections by placing
prepared swine 1n pens on the roof of the Rockefeller Institute on cold
snowy mghts Sundarly prepared swine kept mdoors rematned normal

The intermediate host mechamsm that I have briefly outhned adequately
accounts for the perpetuation of swine mnfluenza It has been found that
virus can persist for at least as long as 32 months i third stage lungworm
larvae m their earthworm mtermediate hosts and for at least an additional
three months 1n association with adult lungworms in the swine respiratory
tract ** This constitutes a total elapsed tume between the case of swme m
fluenza originally supplying the virus and the hog eventually becommng
fected with 1t of almost 3 years and 1s roughly three times the amount
which must be accounted for to explan the survival of the virus from one
eprzootic to the next

There 1s evidence from some field work on the subject that the incidence
of swine infected with masked virus may be quite lngh © This would sug
gest that the apparent paradox of swine influenza spreading throughout 2
drove and from farm to farm faster than we realize 1t can on the basis of
any known imcubation period may not be paradoxical at all Instead of the
virus going Itke wildfire the field evidence indicates that it 1s probably

widely seeded before the and merely p: d almost 1
ously The great rapidity of spread 1s therefore more apparent than real and
a delusion 1 from the p of widely d

masked virus by a stmulus common to large geographical areas T do not
mean to imply by this that swine influenza does not ordmarly behave hike
a typical contagious discase m spreading from sick to well aumals I am
certain that 1t does and in the lak y under exp 1 cond: 1t
can be shown to be regularly and highly contagtous The potnt that I should
ike to emphasize however 1s that n swine influenza the number of first
cases ponsible for an ep may be larger than 1s the rule
m most other contagious diseases and that this may account for 1ts high
miorbedity rate and for the thoroughness with which 1t mvolves an entire
swine population

There are still a number of gaps m our knowledge of the ecology of swine
influenza For mstance the mechamsm by which influenza virus 15 mawn
tained 1t man the host that appears to have been the pnmary resenvoir
from which swine acquired their wnfectton m the first mstance 15 unknown
Furthermore 1n this connection 1t 1s a httle puzzling that the 1918 human

Al VIfUs app: y blished itself with such ease as a porcine
\nfectious entity while subsequent mvasions of swine by human mfluenza
viruses have apparently not resulted 1n the estabishment of these more
recent strams as permanent porcine pathogens For mstance the mfection
e on farms m New Jersey 1 1936 with the type A influenza virus

of swin
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then prevalent 1 man caused only a subclinical infection in the swine and
did not permanently estabhish itself in the mnvolved swine droves #1 1t seems
Iikely that although nfluenza virus may frequently leak from its human
reservorr to swine something peculiar to the 1918 virus enabled this partic
ular stram to become established 10 swine lungworms and to persist 1n this
reservoir as a source of mfection for pigs year after year While it may
appear a little unusual to be concerned about the role played by man in the
ecology of an animal disease actually until we understand the mechamsm
by which influenza virus 1s perpetuated 1n humans its apparent primary
reservorr host so far as swine are concerned we cannot claim to under
stand the ecology of swine influenza in its entirety

Other gaps in our knowledge of the ecology of swine influenza concern
the physiological state of the virus when masked 1n its lungworm reservoir
host and the nature of the stimulus that provokes the masked virus to 1n
fectaty More exact knowledge of the phenomenon of masking would
greatly clanfy our understanding of that phase of the ecology of swine
mfluenza involving the sojourn of the virus 1 1ts secondary reservorr host
the swine lungworm Its lack of knowledge of the exact mechamsm of this
phase of the natural history of the disease that appears to present the
gravest objection to the general acceptance of the rol. of the swine lung
worm in the ecological setup of swine influenza Andrewes has vorced
very aptly 1n hus 1949 Dunham lecture on epldemlc nfluenza the misgivings
that many appear to have the of the
mechamsm He wrote as follows One thing worries me about Shope s
expenment such a complex association between creatures of four species
has the hallmark of an ecologic happy famuly the result of eons of evolu
ton Yet neither the pig nor the earthworm concerned 1s native to the
United States and swine influenza 1s asserted never to have been known
1n the Middle West before 1918 It would be odd if swine influenza which
is not known to survive so long anywhere else (except in the virologists
dry rce container) should just happen to find the interior of a lungworm an
1deal resting place

Tam not that the d of an ecologic happy
farmly always requires eons for its evolutton and certamnly recent events
strongly suggest that the myxoma virus completely foreign to Austraha
only a few years ago 1s finding things down there very much to 1its ecology
cal liking despite the fact that it s 1 brand new territory * To judge from
the manner in which it 1s and m 15 new
1t has found intermeduate hosts and a sausfactosy reservorr host at present
not well understood without apparent evolution of any of the vanous fac
tors which must be mvolved in s ecology

T would agree with Andrewes that 1t 1s odd indeed that the 1nfluenza virus
should with no known evolutionary developments suddenly establish 1tself
4 and P m an 2 m
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on the farm the p ve 15 p 1n chara¢
ter and 1s 1n some way associated with the onset of wet cold nclement
weather I succeeded last year 1n provoking influenza mfections by placing
prepared swine m pens on the roof of the Rockefeller Institute on cold
snowy mghts Simularly prepared swine kept indoors remarned normal

The mntermedzate host mechanism that I have briefly outhned adequately

for the perp of swine It has been found that

virus can perstst for at least as long as 32 months n third stage lungworm
larvae m therr earthworm intermediate hosts and for at least an additional
three months 11 association with adult lungworms i the swine respiratory
tract ** This constitutes a total elapsed time between the case of swine 10
fluenza ongimally supplying the virus and the hog eventually becomung m
fected with 1t of almost 3 years and 1s roughly three times the amount
which must be accounted for to explamn the survival of the virus from one
eprzootic to the next

There 15 evidence from some field work on the subject that the incidence
of swine infected with masked wirus may be quite high ® This would sug
gest that the apparent paradox of swine nfluenza spreading throughout a
drove and from farm to farm faster than we realize 1t can on the basis of
any known mcubation period may not be paradoxical at all Instead of the
wirus gomng hke wildfire the field evidence ndcates that 1t 1s probably
widely seeded before the outbreak and merely provoked almost stmultane
ously The great rapidity of spread 1s therefore more apparent than real and

D a delusion Iting from the p: of widely ted
masked virus by a stimulus common to large geographical areas I do not
mean to mply by this that swine mfluenza does not ordmanly behave Iike
a typrcal contagious disease m spreading from sick to well ammals Iam
certamn that 1t does and n the v under € di it
can be shown to be regularly and highly contagrous The pomnt that I should
Iike to emphaslze however 1s that i swine mfluenza the number of first
cases P for an may be larger than 1s the rule
1n most other contagious diseases and that this may account for 1its high
morbidity rate and for the thoroughness with which 1t mvolves an entire
swine population

There are still 2 number of gaps in our knowledge of the ecology of swine
mnfluenza For mnstance the mechamism by which mfluenza viras 1s main
tained 1n man the host that appears to have been the primary reservorr
from which swine acquired their mfection i the first instance 1s unknown
Furthermore 11 this connecmm 1t 15 a hitle puzzling that the 1918 human

li} virus hed itself with such ease as a porcine
infectious entity while subsequent mvastons of swine by human influenza
viruses have apparently not resulted 1 the establishment of these more
recent strams as permanent porcine pathogens For mstance the infection
of swine on farms 1 New Jersey m 1936 wath the type A influenza virus
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mind of using these as examples to mdicate possible future profitable courses
that mght be followed 1n working out the ecologtes of other virus diseases
less readily accessible to experimentation Our knowldge of the epidemt
ology of most vtrus diseases of man and many of those of amimals 15 today
farly complete but we lack the information which would enable us to
understand their natural histones We know much about most of them
while they are prevalent as discase entities in a population for stance but
we are largely ignorant of where their causative agents disappear when the
epidemics cease nor do we know where these agents come from to start
new epidemics hnowledge of this phase of virus diseases 15 embodied m a
more pl ding of therr ecol and to me the term ecology
apphed 1n this way imphes the existence of one or more reservor hosts for
each disease In the ecology of swine mfluenza for instance two reservorrs
are mvolved one of these man mught be termed the 1mtiating or primary
reservoir while the other the Jungworm could be called the perpetuating
or secondary reservoir host The primary reservoir host 1 this instance
was respansible for startng the disease 11 swine in the first instance whde
the secondary reservorr host functioned mn perpetuating 1t once 1t became
established 1n swine In the case of bovine pseudorabies swine serve as the
secondary reservoir host and as pomnted out earlier we are stil ignorant
concerning the reservowr from which swine acquire their infections or the
mechamsm that perpetuates the disease i swine In salmon posomng the
fluke Troglotrema salnuncola serves as the secondary reservorr host and
1t 15 possible that the raccoon may function as the pnmary reservorr
From znalogy with those virus diseases about which we have the most
complete ecological nformation 1t seems logical to think that 1n all that
appear to be well estabhished and native to a given geographical area
reservorr hosts capable of perpetuating them will be found to play a major
role n their ecology Those diseases that fail to become established fail for
lack of a reservoir in which their causatrve viruses can persist from one out
break to the next I can illustrate what I mean by citing three hypothetical
examples
In the first of these the case of myxomatosis m rabbits presently pre
vailing in Australia only a sccondary or perpetuating reservorr host appears
to be mvolved The primary or mitiating reservorr in this case was man
with a hypodermic synnge and this can hardly be counted as a normal
factor 1 the ecology of a disease
The second example that may be cited 15 that of hog cholera 1n the
United States Here both a prrmary and a secondary reservorr host for the
hog cholera virus must have been 1nvolved though neither are known even
today Hog cholera started 1n this country 1n a very gradual and msidious
manner * The first outbreak appears to have been in Ohio 1n 1833 In 1837
an outbreak occurred mn South Carohna The following year the disease
appeared 1n Georgia and 1 1840 single counties 11 Alabama Flonda Tk
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volving swine earthworms and lungworms However, I should hope that
Andrewes would agree with my view that actually thrs arrangement with
regard to influenza 1s no more odd than 15 the current myxoma situaion
m Australia in which yet another virus has suddenly and without apparent
evolutionary developments found itself i an ecological happy hunting
ground

In closmg my discussion of swine mnfluenza I should lke briefly to
outline the factors which have led to a partial elucidation of the ecological
features of ths disease They are as follows

1 The apparent ongin of the disease at a definite pomnt mn time and co
mceident with an outbreak of a similar disease 1n man thus mdicating that
the probable primary reservoir host from which swine acquired their m
fection m the first instance was man

2 The recurrence of the disease each year since 1918 at many different
foe: simultaneously suggestng multiple pomts of origit of the annual ept
zootics and the probable existence of a reservoir host other than man
capable of perpetuating the infection

3 Cucumstantial evidence strongly suggestng that on those farms
having a history of annual recurrences of influenza 1 their swine droves
this secondary reservorr of mfection was some host normally resident on
those farms

4 The regular seasonal mncidence of the onset of swine influenza and
the assoctation of this onset with the beginning of mclement weather each
autumn

5 The discovery that swine under natural condittons could be carriers
of latent swine mfluenza virus which by certain mampulations could be
provoked to mfectivity

6 The workimg out and establishment of the swine lungworm develop
mental cycle lving an earthworm dhate host by the Hobmaers
and by Schwartz and Ahcata

7 The discovery that the swine lungworm could under experimental con
ditions serve as a reservowr and mtermeduate host for the swine nfluenza
vires and that the virus 1 ats lungworm host was 1n a masked or latent form

8 The observation that masked swmne influenza virus that had been
carried to the swine y tract by could by ap
propriate pul be provoked to

O The establishment of the fact by field expeniments that the swine
lungworm s frequently wnfected with masked swine influenza virus under
natural conditions and serves as the reservowr from which swine can acquire
their influenza virus mnfections each year

Discuossion

1 have outlined the factors leadmg to a partial understanding of the rather

n
complex ecologtes of three virus diseases of ammals with the purpose
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important role for the primary reservorr and an incteasingly important one
for the secondary reservorr Like swine influenza which was to make 1ts
appearance many years later hog cholera was a disease of marked scasonal
inaidence However unlihe swine mfluenza which was to prevail from mid
October through December hog cholera ordinanly began in late July or
carly August and ran the major part of its epidenic course duning the next
2ot 3 months While as mentioned earlier in this paragraph the existence
of bo\h the pnimary and sncondary resennoir hosts 1n hog cholera are purely
no other hypoth accounts for the historical
lacls of the disease as well as the assumption that two such reservoirs must
exist The secondary reservorr in hog cholera indeed mught from certun
sumlanties exusting between the eprdemiologteal pictutes of hog cholera and
swine influenza be similar to that in swine influenza The primary reservoir
host must be some animal with a geographical distribution peculiarly hmited
to those areas 1n which hog cholera made s early appearance during the
first 15 or 20 years of us prevalence This host whatever 1t 1s has either
a very low incidence of latent hog cholura virus infecton or a very faulty
and mad; for us latent virus to swine
The third cxample that may b aited 1s that of foot and mouth disease in
the Umted States Here only a pnmary or mitiating reservorr host seems to
be mnvolved and a secondary or perpetuating resenvoir appears to be lack
mg Foot and mouth disease has been introduced into the Unmited States
six times since the turn of the century and each tume 1t has been eradicated
by procedures involving quaranties and the slaughter of all infected or ex
posed cattle and other cloven hoofed ammals Each introduction was
through the medium of mfected animals or antmal products vaceine lymph
1n one nstance and raw garbage contaiming meat tnmmings 1n two others
These media containing foot and mouth disease virus constituted the imtal
source from which the cattle and swine i our country acquired thesr infec
tions with foot and mouth disease and hence 1n the sense of this discusston
constituted the primary reservotr of infection Once started the disease
spread raprdly by contact Five of the si< outbreaks were of relatively short
duration and hmited 1n geographucal distribution One however that which
started 1 1914 prevailed for almost 2 years and spread into 22 states
before it was eventually controfled and the infection eradicated Thus m six
instances an opportumty was presented for the foot and mouth disease virus
1o become established i a secondary or perpetuating reservorr host m this
country One of these opportymties sp:mntd a penod of almost 2 vears
and the and bodied i 22 dif
ferent states The fact that the disease dxd not become established seems a
strong indicatton that no host capuble of seevin, as a perpetuating reservorr
for the witus exists 1n the United States
In ciung the examples that T have Ive attempted to paint out the 1im
portance of reservoir hosts 1n virus ecology by indicating the role that these
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nots and Indiana recorded the occurrence of a swine discase thought to be
cholera By 1845 the disease had made 1ts appearance 1n three more geo-
graphical areas Thus in a period of 13 years only 10 widely separated out
breaks of hog cholera had occurred It prevailed at that time 10 no other
part of the world so far as can be learned The disease had all of the ear
marks of an infectious process that was esther repeatedly anising de novo
or was being repeatedly transmutted to swine from some reservorr host
present in the areas mvolved Since de novo ongm of any infectious agent
1s 1n the present state of our knowledge difficult to visuahize the best ex
planation would seem to be that a reservoir host for the virus probably
a wild ammal mdigenous to the areas nvolved was persodically and oc
casionally transmitting hog cholera virus to swine That the virus was having
a difficult ime getting started mn its new host 1s mdicated by the slowness
with which 1t became widely established in swine The ndrwcations are 1n
the light of our later knowledge that each of those 10 outbreaks prior to
1845 were probably mitial Iting from exp to the virus
of a primary reservorr host Nothmg mn this early hustory of the disease sug
gests the establishment of the virus n a secondary reservor host of the type
capable of perpetuating 1t and carrying 1t over from year to year 1n a given
locality However there was not long to wart for although hog cholera
appeared to be a slow starter 1t made up for lost time once 1t got under
way In the 10 years between 1845 and 1855 at least 90 more outbreaks
were reported with extensive spread into new geographical areas These new
outbreaks were probably partly the result of mfection from the primary
reservoir host but the fact that the incidence of the disease had increased
over 9 fold as compared with 1its rate for the first 13 years of its prevalence
strongly suggested that a secondary reservorr host had entered the picture
to play its role The evid: di d T of the hog cholera
virus m a reservoir more facile m infecting swine than was the initial one
The umformly fatal character of hog cholera rather well ehmmated from
the that this y reservorr might be the pig
itself Hog cholera after 1855 increased by leaps and bounds and rapudly
became one of the most important livestock diseases with wiuch this country
had to contend By the 1880s the Bureau of Amimal Industry estimates
placed the losses from cholera at never less than $10 000 000 per year and
sometimes teaching $25 000 000 annually By this time cholera was of
annual occurrence and reappeared year after year m the same localitres
It was quite apparent that by now the hog cholera virus was widely
seeded throughout the swine ramsing states and had become firmly estab
tished 1n a reservoir host capable of carrying 1t over from one year to the
next and setting up new outbreaks each year on a widespread basts No
doubt the primary reservorr host still accounted for the occurrence of some
outbreaks but the marked mcrease in ncidence oi the Tseaic over wh‘a!
3t had been m 1ts earler perod of p
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yield leading information Certamnly n studies on pscudorabies the observa
tion that swine infected with the virus suffered only 2 mild almost asympto-
maticllness that this mild disease 1 swine was contagious from pig to pig
2nd that the virus was abundantly present 1 and on the pigs noses strongly
suggested swine as a rather wdeally equipped reservoir host from which
cattle could acquire the disease

Another approach that may be of value 1n obtamnng leading facts con
cerming the ecology of virus diseases s the search for unknown viruses 1
potential reservorr hosts This approach would be of no use i diseases such
as salmon porsonng or swine influenza 1 which the viruses may be masked
and hence not directly demonstrable by mfectivity tests 1n therr reservorr
hosts However the investigation of wild mosquitoes by Roca Garcia
Smithburn and his co-workers and others 5 have yielded mouse pathogemic
viruses 1n numbers which someday may be fitted nto the ecological setups
m which they nghtfully belong as causative agents for chmcally manifest
ilinesses 1 as yet unsuspected and unidentified natural hosts Other bio-
logical forms such as leeches various biting wsects aside from mosquitoes
and the cercanal stages of trematodes all capable of surgically mflicting
portals of entry through which viruses that they mught adventitiously be
carrying could gain access to a susceptible host have not been seriously m
vestigated When they are examied 1t may well be that they will yield as
nich 2 harvest of new and potentially important viruses (and some may
even be recognwzable} as have the tropical mosquutoes

Now just who will do all of this searching for virus reservoirs and the
other field work that I have touched on 1n my discussion? It seems to me
that thus area of investigation should be a paradise for the naturahst and
for those who want to study and follow the leads that natore supplies Un
doubtcdly much of the knowledge that mught permit an nformed and

to forecast p ble fields for 1s already

athand However much of this anwledge 15 possessed by people wath little
or no mterest 1 mfectious diseases per se or 1s buried m Iterature with
which the virclogist 15 completely unfamillar Work m wirus ecology can

probably be done more logscally and ly by having the
tum virologist than by having the v:mlogxst attempt to acquire the extensive
and d by the The field of virus

ecology 1t seems to me 1s one of the few remaining in virology that can still
be pursued profitably without recourse to the expenslve bits of apparatus
and the d laboratory tech which are b so much
a part of modern virology
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1nfested rats rose rapidly from a few percent to 70 pur cent Two or three
months later there was a sccond even higher peak to some 80 per cent
But whereas most infested rats at the time of the first peah had 10-50
chiggets per rat at the time of the second peak there was a sudden shift in
distnbution sa that most rats had 200 or more chiggers There may have
been two other smaller peaks the last a minor one 1n the dry season but
data are msufficient to be certamn of these All the evidunce suggests that
at the time of the first peak a large number of fed larvae were returned
over a short time to the soil for further development The second peak
represented the completion of the Iife cycle and perhaps the later peaks
were adumbrations of the eather ones (Audy 1947) Allowmg for a feed
g tme of 3—4 days we may hazard a rough calculation and say that dur
g the six dry months December to May the total number of mutes which
passed through their larval stage was about 200 for each rat Over the six
wet months June to November the corresponding turnover was over 2 000
per rat Dunng the peak months of September and October the turnover
was of the order of 650 chiggers per rat per month while during one of
the dry months 1t went as low as 20

Secondly there are peniodic fiuctuations m the populations of ammal
hosts of which rats are the most prominent We have no good observations
of these from our own work but there are many examples from elsewhere
One example m Asia 1s that of the plague of rats which follows the mass
flowering and fruting of gregarious bamboos 1n parts of India and Burma
—a huge tract may fruit and die down to be followed by a plague of rats
usually kading to famine and the abandonment of villages

Thudly there are the small local fiuctuations which occur as discrete
space time events whenever a patch of land 1s allowed to go to waste and
become overrun by weeds The weeds themselves of course represent Jarge
populatron fluctnations of certam plants and they are accompanied by
equally exuberant ammmal weeds such as rats The growth of such local
concentrations takes ttme and has not actually been followed through by
our own abservatons All stages have been observed however by sampling
many such areas and the neighbouring forest

Fourthly m some local concentrations of vector mites a high degree of
nickettsial infection can be detected but m other concentrattons there may
appear to be no recoverable mfection (I am here drawing upon the massed
expentences of many workers ) The nickettsiae evidently undergo consider
able population fluctuations subject to their own particular environmental
nfluences

Finally I would draw your attention to a gigantic population upheaval
which has generally escaped notice because 1t has & very different tempo
Tt s that of Rattus rattus and its immediate relatives n southeast Asia This
rat occurs in largest numbers outside the native forest 1n artificial terram
which follows deforestation and settlement The centre of development of



14
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Epidemiology of Scrub Typhus

J R Audy
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search Kuala lumpur Malaya

In early 1945 an Army laboratory at Imphal on the Indo Burma border
started 1nvestigating what scemed to be a very sigmificant association  that
of hyperendemtc scrub typhus with deforested land overrun by only one of
two species of wild rat Endemic scrub typhus appeared to be largely 2
man made disease occurnng 1n artificial terrain and the close parallel with
urban plague and epidemic yellow fever led to the suspicion that the disease
had escaped from a reservorr m the mature forest which was the ongmnal
natural vegetation The name jungle tsutsugamushi was comed to de
scribe the gated wild infe which were bly bewng

t d by the d dary d of mfection 1 scrub
Such a jungle infection has been demonstrated by Traub Frick and Diercks
1 Malaya (1952) but as I hope to make clear later there may be less

b ly virulent rick mthe hi group native to the forest
and these have hardly been mvestigated
d. )l 15 deeply d with at

The ep pop
first of pathogens and then of vectors and amimal hosts or reservoirs I shall
here almost confine myself to the causes and effects of population fluctu
tions of vectors and hosts i relation to pathogens especially of course
nckettsiae I should like to summanse several observations which are mat
ters of fact and will give us a basis for discussion

Furstly the vector mite Trombicula deliensis was found m Tmphal to be
very sensitive to dryness The larvae had a sharply seasonal merdence co-
mcidmg with the rans After the rams started i May the proportion of

+ Tocluding the Serub Typbus Research Unit supported by Colonial Development &

Welfare Fuads
142
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Table 2

THE PATTERN OF INFESTATION OF THE COMMONER RODENTS IV SELANGOR MALAYA BY

THE CHIEF GROUPS OF TROMBICULID MITES TRIVIAL INFESTATIONS ARE REPRESENTED

BY DOTS (CERTAIN SPECIES EG THE SPINY RATS AND R exulans SHOWN HERE AND

R cremorventer © ATTTED FRO { THE TABLE ARE VERY LIGHTLY [NFESTED BY CHIGGERS

IN ALL OUR MALAYAN COLLECTIONS LARGE® SUBSPECIES OF R exulans IN THE PACIFIC
AREA ARE OFTEN VERY HEAVILY INFESTED BY THE VECTORS )

MEAN NUMBER OF TROMBICLLIPS PER INDIVIDUAL

Vec
tors  Eusch
T deli  oude
SPECIES OF HOSTS Total  ensts  manss Eusch  Gahr  Other
AND NUMBERS all aka  lacu andiea  hepa  spe
EXAMINED species  musht  nosa  aulyt s lat s
N FOREST RATS AND SQUIRRELS
Tree squurels (Calloscirus cant
ceps nigrovian s notatus 1€
nias) 664 24 23
Tree rat (R canus) 11 38 o 11 5 22
Ground squirrels (Rh noscuurus &
Lanscus) 29 31 10 10 4 7
Ground rats
Gant rats (R bowe s muller
sabanus) 678 26 7 11 4 4
Spiny rats (R pelhu stnfer
whitehead ) 6 5
OUTSIDE FOREST ~ COMMENSAL
RATS
R r 1 lorensis
(mature oulpalms) 1,288 49 11 37 1
{open woody scrub) 741 » 15 4 3
R r argents enter (open scrub)
31 78 1 2
R r subspp (3 1slands) 50 40 140 0 [ 100 o
R r dard (town) 2430 19 o 0 15 0
R norveg cus (seaport) 8.4 10 o 0 10 o °
R evul ns concolor (open scrub)
i 1 0 1

The Emergence of Scrub Typhus from Jungle Tsutsugamushi

In the case of both the chief host or 2mmal reservoir and the mite vector
or pnimary arthropod reservorr of a mickettsta we therefore have two fea
tures viz great abund; and local 1t These two
features are known to be of great evolutionary importance An abundant
species draws upon a relatively much nicher store of mhentable varation
which gives 1t a capacity to undergo adaptive changes Also 2 large popula
tion fluctuation especrally if starting from a very low level can allow un
usual changes in genetic constitution For example chance mutations which

would be swamped 1 more stable popul. may 1n these d of
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the genus 15 1n southeast Asia where over 500 named forms of Rattus have
been recorded The species R rattus has developed enormously and has
been dispersed from this centre all over the world as the black rat or ship-
rat Some 46 torms of this spectes have been named i Malaysia This great
devclopment appears to have been secondary to deforestatron and settle
ment The prime importance of Rattus rattus 1 copnexion with scrub typhus
has been discussed elsewhere (Harnson & Audy 1951)

It 1s important to note the relatively greater abund. of duall
of those species of rat which occur in the deforested areas This 1s suggested
by the data in Table 1 while Table 2 shows the corresponding great i
crease 1n the numbers of a few trombrculds including the vectors parasttis
1ng these same animals

Table |

NUMBERS OF SPECIMENS OF SMALL MAMMALS MARKED AND TRAPPED ON THE GROUND
IN () o 10 HECTARE (25 ACRE) AREA OF DISTURBED FOREST AND (B) A 10 HECTARE
AREA OF ORASSLAND WITH SCRUB (UNPUBLISHED DATA J L HARRISON)

RODENTS—-RATS Forest Grassy scrub
Rattus exulans 4
R rattus jalorensis 1] 28
R r argentnenter 1 24*
R whitehead: 35 20
R pellax 41 0
R sunfer 33 0
R mullers 23 [
R sabanus 8 0
RODENTS--5QUIRRELS
Rhmoscuurus laticaudatus 1 0
Calloscturns tenuts 4 [1]
C notatus 4 0
C nigrovittatus 1 0
INSECTIVORES
Echinosorex gymnurus 1 o
Tupasaghs 1 0
Total mdividuals 159 224
Total species 14 4
Total pumber of species of mammals
known to occur 1 the area 66 16

% R r jalorenss occurs m lightly wooded scrub while R r arsentiventer has a very
strong preference for open grassland In this particular patchwork investigated neither
species appears t0 advantage

Four examples have been given of population density changes takmng
lace 1n the hosts vectors and nickettsiae of endemic scrub typhus The
changes have been on different time scales from the sudden fluctuations
associated with seasons to the slower and greater changes ascribed to de
forestatton Tabulated data have been added to suggest fundamental changes
1n the composition of forest followmg cleaning
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ing hypotheses for gmdance and in the case of population wstability we
require one which 1s concerned with the questions when and where among
hving things we do get concentration instead of dispersal and mmbalance
mstead of numencal stability?

“The equatonal ran forest 1s the nehest association of hiving thungs to be
found on land 1t occurs 1 stable clmatie conditions of heavy perennal
rainfall and ) igh P Jts b d by 3 wre
mendous nichness in species—there may be 100 species of trees and 30
species of mammals in a single acre of ram forest With thus nchoess goes
dispersal ndividuals of any one species tend to be scattered and rater
spersed with other species The effect of thus on the balance of populations
1s closely sumdlar to that of a buffer solution any fortwitous fuctuations ate
readily damped down by the other components of the balanced system We
may therefore fook upon the rain forest as 3 formation with great internal
stability

This stable formation gets simplified 1 nature esther by changes m the
uniform chmate which nurses it or by its physical destruction As one goes
to higher latitudes at first ofie season and later ail seasons become n
creasingly ngorous Increasing altitude bas 2 emilar effect Destruction of
the forest feaves bare ateas which become mvaded by a few quick growing
plants and a few ammals and it may ‘be many years before forest regen
erates With repeated or the ongmal may
never return and the forest may even be replaced by semipermanent grass
fand or savanah Table 3 shaws the effects of deforestation n the neigh
bourhood of our faboratory i kuala Lumpur but the table does not include
the relatively greater abundance of the few species which exploit the new
conditsons (see Tables 3 and 2) Whatever the cause the eff ot of the
stmplication of the ran forest formation 1s to reduce the number of species
greatly to wmn rease the ab olute numbers of many of the existing spectes
and to aliow concentration mstead of dispersal so that individuals of vanious

Table 3

DISYKIBUTION OF SPECIES OF ROSTS A 4D MITES F013¥CTED IV SELANGOR STATE MALAYS
(CF TABLE 1 AUDY & MimRisON 18%1)

Ro ents & Insectc ores Tromb cutid Mutes

Source Nurr ber Number  Number  Number  Number
trapped o] of o) of

(1019515 Species Genea  Speties  Genera
Toest 557 ) 30 58 5
Deforested aress 3459 it 3 16 5

Town {houses m

hosla Lompur) 6813 s 3 " 2

Includes presumably swtroduced sp cies
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rapid change spread through a high proportion of the population leaving its
genetie constitution modified

The operation of these two factors may presumably be seen 1n the fact
that taxonomusts are sull batthng with the great varation shown in both
Rastus rattus (46 named forms i Malaysia) and the forms (over 6) of
the vectors of scrub typhus

Man has deforested enormous tracts 1n Asia and we have noted that
Rattus rattus has been able to exploit the new condittons of scrub and cul
tivated land (a patchwork which has been discussed as parang vegetation
by Audy 1949) These new conditions have also been switable for the

at of field dwell biculid mutes of the Trombicula akamusht
species-complex and the rat and the mite have together colomsed the de
forested areas This R rattus -+ T ak she (sensic lato) rep-

resents large compact rat populations and a great tumover of mute larvae
1t would have offered great opportunities for the forest enzootic rickettsia
Richettsia tsutsugamushi or a precursor to become adapted and to flounsh
In these conditions the mfection emerges from the forest to develop freely
tn waste land and 15 then brought sharply to our attention as endemc scrub
typhus

Cradled in the complex network of the R rattus + T akamushy assoc1a
tion with mnumerable collateral contacts with other ammals and parasites
one would expect the nckettsta to show much vanation Some strams of
Ruckettsia tsutsugamushu are in fact known to differ from each other more
widely than does R prowazeht from R mooser: Doubtless even greater
differences will be found when the reservoirs of jungle tsutsugamush are
more thoroughly explored The pomt I wish to make here however 1s that
1t would appear that we have a nckettsiosis or a complex of nckettsioses
native to the forest which has been offered an opportumty for special de
velopment and adaptation by a very large scale biological event namely
the great development of the R rattus 4+ T akamusht association i south
east Asia This event has virtmally evoked endemic scrub typhus There
1s no reason to suppose that the prmutive jungle nckettsiosis has not the
great antiquity of a related almost world wide nickettsiosss of ticks which
has evolved 10 vanous local host parasite associations into the geographtcal
forms of tick typhus and spotted fever We should therefore be prepared
to accept the p that jungle ht may also rep an
almost world wide nckettsiosss which may here and there have evolved
locally along avenues offered to it The orgamism from Trombicula micrott
and voles in Canada reported by Baler (1946) may be un example of this

Dhscussion
Epidemeologists are now delving deeply mto the enormously complex
web of ammal ho ts or reservours and their many parasites In this we
need all the 1deas and methods of the ammal ecologists We also need work
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‘This 1t 1s suggested has the same effect as that of a buffer solution mn damp-
1ng down fortwitous population increases This complex 15 mterfered with
1 nature by changes in the uniform chmate which nurses the rawn forest
(eg m Iigher latitudes or alutudes) or by deforestation Whatever the
cause the effects are the same fewer species are found but 1n relatively
greater numbers and sndwviduals of various species become concentrated
mto pure stands colomes herds and so on The increased abundance
and local concentrations of relatively few species 1s mewtably accompanied
by mmbalance
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spectes form pure stands (e g weeds bamboos) colomes packs herds
and so on With this bund and uregular ofa
relatively few species goes imbalance and cyche population fluctuations as
well as erratic local density increases and crashes These conditions en
courage every kind of pestilential outbreak from mouse plagues to ept
zootics and blights The epidemiologst cannot get a full perspective without
seemg man against this background—greganous man who gathers himself

mto dense and who 1s raterfering with natural bal
ances which can remarn bal d only 1f their p 15 preserved
Summary
The epidemiol 1s deeply d with the causes and effects of

pcpu]auon fluctuations of pathogenic organisms and their vectors and of
ammal hosts or reservoirs Examples are given of such fluctuations m the
populations of vector mites rats and nickettsiae and evidence 1s given of
the abundance of field rats and vector mites The development of the genus
Rattus and especially forms of Rattus rattus 1n southeast Asia 15 noted as a
special large scale event app 1 d with def and settle
ment
Those rats and the accompanymg trombiculid mites which occur m
deforested areas are not only found 1n greater abundance there than i the
forest but they Sllﬁ'er local populanon fluctuations Both these factors
d: and are known to encourage
evolutionary adaptions The operanon of these factors may presumably
be seen m the fact that taxonomusts are still perplexed by the great vara
tion shown by Rattus rattus and the forms of the trombiculd vector of
scrub typhus Doubtless for sumilar reasons varous strains of Rickettsia
At show and may differ more markedly
than R prowazek: differs from R mooser:
One effect of the extensive deforestatron carned out by man 1n southeast
Asta has been to encourage a joint development of large compact rat popu
lations a2ccompanied by a great turnover of mites potentially capable of

1 Itis d that this event has allowed a rickettsia
native to the forests—exther R tsutsugamushr or a parent form—to undergo
special adep and devel The of a forest enzootic
nckettsiosis  Jungle h 15 supported by varied evidence and

there are ble grounds for
may be widespread outside Asia
The epidemiologist needs 2 working hypothes:s to explam the causes of
mstead of di 1 and 1. mstead of numerical
stability among lving thmgs The equatonal rain forest 1s an extremely
stable formation ped 1 resp top 1 heavy ramfall and
high temperature Its structure 1s extremely complex very nich m species
but with indwiduals of any species mterspersed rather than concentrated

that thrs jungle rickettstosss
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among plant viruses proved to be antigenue * @ the first to yield large num
bers of mutants expenimentally 12 lhc ﬁrst lo bc mtcnsnely studied chem:
cally * ¢ the first to be dmp hs 24 and the
first to be crystallized 3 In spite of all this study and much effort made
to control 1t tobacco mosatc virus gets on well 1n the world and stands
no present danger of extinction

1 call attention to these facts i order to compare this tobacco virus with
another virus that possesses properties which are very different but which
nevertheless gets along m the Umited States 1f not 1n the world as well or
even better than tobacco mosaic virus T refer to the wvirus causing aster
yellows the best known of the yellows type diseases Whether or not thus
virus oceurs 1n lazge quantity m thseased plants we do not know for 1t has
not been transmutted manually except by grafung * Although it has recerved
much attention during the last 25 years aster yellows wvirus has not been
taken to a single host plant of any species by means of juices from diseased
plants Also 1t1s one of the most unstable of all the known viruses It s so
unstable that diseased plants can be cured and rendered virus free by hold
ing them continuously at a temperature as Jow as 40 C for a few days 'S
‘The therma) mactivation point of the virus 13 well below the thenmal death
points of some of 1ts host planis such as Nicotrana rusica L and V inca
roseal Diseased aster plants may be grown among healthy plants without
any spread whatever by contact Aster yellows virus 1s not transmtted
accidentatly by man and 1s not ordmanly distnibuted by him except to a
very hmated extent through shipments of diseased plants Even when held
at low temperatures aster yellows virus 1n juices from diseased plants 18
fost in a few days It does not retamn activity in dried leaves It can infect
and cause disease mn more species that belong in more different families of
plants thin can tobacco mosaic virus ** This however does not seem of
much mp 1ts or ensuring its survival Why
then 181t so dynamw 1n 1ts spread and so successful as a virus? Only 1n one
respect but a very important one does 3t seem to have an advantage over
tobacco mosate virus 1t 13 able to multiply 1n a certan nsect! W1 winch
1s an unusually efficient vector The purpose of this paper 15 1o present ev
dence showing how efficiently thus vector the leafhopper Macrosteles
fascrfrons Stal transmuts the aster yellows virus

Matenals Methads and General Plan for Secunng Transmission
Records
1t was believed that the best way to determine the efficiency of the aster
leafhopper as a vector would be to obtam transmussion records for a number
of individual mnsects This was done by allowing virus free insects to feed
on 4 diseased plant for a given length of time and then transferrmg each
mdividual to a healthy aster plant each successive day as long as it hived
The 1nsects tested were d dants of aster leafhopp ginally identfi d




15

Marntenance of Yellows-type Viruses in Plant
and Insect Reservoirs

L O Kunkel
The Rockefeller Inshitute for Medical Research New York New York

Introduction
Some wirus diseases are so generally distnbuted and so common that
they are known to all phy holog The best ple of such a one 15

that caused by the virus of tobacco mosaic which 1s produced 1n large
quantities by nfected tobacco tomato and other commonly grown crop
plants It 1s able to mulhply more or Jess rapidly in cells of a Jarge number
of species belonging 1 some 24 different families of plants ® 1 The general
distnibution and lagh incidence of tobacco mosaic virus in fields and gardens
throughout the world leads to what might appropriately be thought of as a
world wide overproduction of this virus Tobacco mosate virus 1s so readily
transmtted manually that jwmce from a diseased tobacco plant diluted to
one part m a million parts of water infects tobacco plants when rubbed
onto their leaves Even at a dilution of one part 1 ten nullion parts of
water it will mfect Nicontana rustica L. plants Tobacco mosasc virus is one
of the most stable of known viruses It remams viable in dred tobacco
tissues for many years and in tobacco yuce will survive heating at about
90° C for 10 minutes ¥ Also 1t survives the processes to which tobacco
leaves are ord: 1 yected n the f; of smoking and chewng
tobacco & Every tobacco user 15 a potential vector Iis availability high
mfectvity stability and wide distribution by users of cigarettes?* and other
tobacco products accounts for the role 1t has played 1n researches on funda

mental problems of virelogy When the general suitability of tobacco mosaic
vrus for use 1n expenmental work is considered 1t does not seem surprising
that thus virus bas recenved so much attention or that 1t has been the object
of so much study It was the first virus found to be filterable 1! the first
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used All green leaves were cut from the plants before they were exposed to
mseets This was done to msure that no sect would be able to feed on
tassues 1hot thd not show well smarked symptoms of yellows The groups of
msects were taken directly from rye plants to the cages contaming diseased
plants It was observed that some msects in each group began fecding within
a few munutes after bemg placed m the cages and that pracucaily ail were
feeding withm about 15 muutes Each of the four infective feeding penods
were begun about 10 00 o clock in the morming since it was found that aster
teafhoppers feed very httle or not at all dunng the mght or early i the
morning and late 1n the afternoon The nsects feed almost continuowsly i
Jate morning and early afternoon Duning the infective feeding intervals the
cages contaimng insects were placed 1 a greenhouse held at about 75 F
Transmussion tests were carned out m the same house After exposure dis
eased plants were kept 1n other greenhouses that alsa were held at about
75° T' The houses were fumigated at weekly mtervals m order to Xill any
nymphs that might hatch from eggs deposited 1n the test plants The four
groups of msects consisted of males and females m about equal numbers
Because of the number of plants required 1t was not practicable to test the
four groups 1 ly Hence the exp was carmied out during
four successive years An effort was made 1o keep the conditions under
which the tests were made as nearly comparable as possible except with re
gard to the fengths of the respective feeding peniods The group given an n
fective feeding penod of 2 hours was confined on a test plant on December
18 that given an infective feeding period of 1 dav on February 24 that
gven an mfective feedmg period of one week on October 30 and that given
an infective feeding peniod of 2 weeks on October 2 The nsects mn the dif
ferent groups were tested simultaneously Because of a shortage of aster
plants when ssects m the third group were under test 1t became necessary
to divide thus group 1nto two lots of 25 msects each and to begin testing the
second lot 15 days after bepinning a test of the first lot The msects of the
second lot were transferred dailv o healthy rye plants mstead of to healthy
aster plants Hence no record of their abiity 1o transmut dunng this 15-day
penod was obtamed The 2 hour infective feedmg period group consisted
of 50 mnsects the 1 day group of 72 mnsects the 1 week group of S0 nsects
and the 2 week group of 56 msects All tests of ability to transmit were
begun immediately after insects were removed from diseased plants except
mn the case of the second lot i the third group as was explaned above
Records of tests of insects i the 2 hour and 1-day mfective £ edimg peniod
groups show the fengths of the incubation periods of the virus 1n the nd
viduals of these groups The records of tests of wnsects m the other two
groups do not show lengths of incubation periods of virus in ndivaduals of

these groups because the periods were obscured by long infective feeding
penods
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as belonging 1 the species Cicadula sexnotata (Fall )13 1n 1923 Ths leaf
hopper was later placed mn the genus Macrosteles and given the pame
Macrosteles divisus Uhler? Still later 1t received the name Macrosteles
fascifrons Stal 2 the binomial under which 1t 15 now known All 1zsects vsed
m expeniments were from vigorous cultures that seemed to be free from
mfection by fungt They varted from 1 to 3 days mn age when taken for ex
pernimental tests All were from eggs deposited on rye plants by virus free
females Care was taken not to injure insects under test The plants used
were China aster Callistephus chinensis Nees  of the vartety late branching
grown from seeds harvested from healthy plants set out i plots at the
Rockefeller Institute for Medical Research Princeton New Jersey The
plants used 1n tests were potted from flats to 4 inch porous clay pots and
grown 1n a greenhouse Aster seedlings 1n the 5 to 9 leaf stage at tune of
exposure 10 wnsects were used All exposed plants that did not come down
with yellows were kept under observation until they blossomed The tests
were carried out mn lantern globe cages The upper ends of the cages were
covered with cheesecloth held tightly 1n place by butchers twine The bot
toms were closed by setting the cages on preces of plate glass about % mch
1n thickness and one foot square Before putting pots contarmung plants 1t
cages they were placed in small porous clay saucers Caged plants were
kept 1n a greenhouse while being exposed to msects No cage was opened
m this house All transfers of mnsects were made after carrying the cages to
a dimly Dighted laboratory where they were opened before a window Only
one cage was opened at any one tme The virus used was ongmally ob
tatned from yellows aster plants naturally infected n plots at the Boyce
Thompson Institute for Plant Research Inc Yonkers New York Tests
of ability of mdividual leafhoppers to transmt were begun ether 1n fall or
m wmter They were made with nsects in four different groups The four
groups of small virus free nymphs were held on yellows aster plants for
four different periods of time The periods during which the groups had
access to diseased plants were the following 2 hours 1 day 1 week and
2 weeks These peniods were chosen because prehminary tests had shown
that a small percentage of msects would become infective when held on a
diseased plant for 2 hours while a considerable number would fail to become
fective when held on a diseased plant for one week The prelimmary
tests also had shown that some mdimviduals 1 any large colony remarned
virus free unless they were allowed to feed on mfected plants for as long
as about 2 weeks

Four colonies of 10 nsects each from the same sources as the msects
that were tested mdividually were not allowed to feed on diseased plants
One colony was tested with each of the four groups These served as con
“o'llfhc diseased plants on which the insects were placed for their mnfective
feeding intervals had shown yellows symptoms for about 2 months when
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Effictency of Macrosteles Fascifrons as a Vector of Aster Yellows

Studies on the efficency of the aster leafhopper 1n spreading aster yellows
disease raised several g garding the hip between virus
and vector Some of these were the following How long must the vector
feed on a diseased plant 1 order to become mfective? Is there a correlation
brtween length of mfective feeding penod and efficiency of transmission?
Is every leafhopper capable of becoming mnfectine? Is virus retaied as long
as the msect hives? Do any mfective individuals transmut to every plant on
which thev feed for as long as one day? Are some individual nsects more
efficient transmtters than others? Is there a falling off 1n efficiency of traus
mission with age?

Transmission records for the individual leafhoppers tested are presented
m Figure 1 where black squares represent plants that became diseased
while white spaces of equal size represent plants that remamned healthy
Since none of the plants exposed to control colomes came down with yel
lows these records are not included 1n the figure Crosses at the ends of
transmussion records mark the days on which insects died and were found
dead 1n their cages Trangles mark the days on which tnsects that probably
had died on those days could nevertheless not be found When the body
could not be found it was of course 1mpossible 1o be sure that the msect
had died Circles 1n the figure represent plants that were exposed on the
days indicated but died for some unknown reason before developing symp
toms of yellows and before a sufficient time had passed to exclude the pos
sibility of their having been infected Inspection of the figure will show that
of the 228 1nsects tested only 148 transmitted aster yellows virus Eighty
did not transmit Among these were 10 mnsects that lived for 25 days or less
after their tests were started Three of these were n the 2 hour mfective
feeding penod group 4 m the 1-day infective feeding period group and
3 1n the 14 day infective feeding period group Under the conditions of the
experiment 25 days was considered sufficient to give a rather good test of
mfectivity the usual incubation period of the virus in the insect bemg con
siderably less than 25 days Nevertheless 1t was not possible to say with
certainty that none of the 10 some of which lived considerably less than
25 days after the tests were started carnied virus or would not have trans
rutted virus 1f they had lived longer It was believed that nsects which
Tived Jonger than 25 days after their tests were started would never have
transmutted virus even 1f they had lived much longer than they did If the

10 non transmutting nsects that lived 25 days or less after their tests were
begun are eliminated from the experiment we see that 41 1n the 2 hour
group 21 m the 1-day group 8 1n the 1 week group and none i the
2 week group failed to transmuit $ix nsects in the 2 hour wnfective feeding
peniod group 47 1n the I-day infective feeding penod group 42 m the
1 week mfective feeding penad group and 53 or all in the 2 week infectve
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capable of becoming infective However 53 1s a small pumber It may be
that more extensive tests will show that a small pereentage of Jeathoppers
15 not capable of trapsmutung the aster yellows virus
The transmussion records indicate that some wdividual wmsects become
fective much more readily than others If 1t were not so all 1 the T-day
wfective feeding period group should have become transmutters since about
one-eighth of those m the 2 hour mfectve feeding penod group transmitted
1t must be concluded that some mdividuals became infective much more
readily than others
The question of whether virus 15 retained wndefinutely by mfective leaf

hoppers will be considered next Inspection of the Table hows that of the
148 msects that transmutted 81 or about 54 7% transmutted on the fast
day or the day nest to the last day of their bves One hundred twenty three
or about 83 175 transmutted durtag the last 4 days of their lives One bun
dred thirty six or about 91 85 transmutted dunng the last 6 days Farlure of
leafhoppers to wfect from 5 to 10 plants consecutively and then to tnfect
plants on whach they later fed was not uncommon Eighteen msects distnb-
uted through the four groups gave a total of 30 such skips after which each
of the wsects agmn wansmutted The results prove that such skips do not
dicate loss of mfectivity Hence insects that gave skip of such lengths
womediately prior 1o death cannot be considered to have lost the wrus or
their abubty to transmit Only 2 of the 148 leafhoppers that transmutted
virus gave fong skips just prior to death Nether was i the group that fed
on diseas d plants for erther the short or the long peried Insect no 71
the {-day feeding penod group faded to wfect plants dunng the Iast 15
days of hfe and insect no 132 1n the 1 week feeding penod group fatled
1o mfect during the last 18 days of life Iusect no 132 was a poor transmt
ter This was shown by the fact that 1t carned virus to fess than one half
of the plants on which it fed alter becooung mfective and up to the tme of
the 18-day skip just pnot to death Insect no 71 ou the other hand was
a good transmitter It mfected 99 of the 123 plants on which it fed up to
the beginung of the 15-day skip yust preceding death It 15 not believed
that the 18-day skip by msect no 132 nor the 15 day skip by msect no 71
just prior to thewr deaths mdicates that these nsects had lost abiity to
transtit No ansect transuutted to every plant on which it fed after becom
g 1afective but leafbopper no 68 m the 1 day mfective feeding penod
group transmatted to 74 of the 76 plants on which 1t fed dunng s infective
Ife One of the plants that xt dud not mfect was exposed on the day pre
ceding duath ¥ may be presumed that the msect was sick on that day and
that 1t ether did not feed or fed spanngly This probably accounts for ats
farlure on that day but the other faiture which occurred on the 27tk day
after it became wmfective 15 not explaned There appartently 1s an element
of chance 1 the act of transmussion through feeding However 1nsectno 68
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feeding penod group, transmitted The results showed that when virus free
nymphs have access to a diseased plant for 2 hours about 1 mn 8 become
infective When they have access to such a plant for 1 and 7 days respec
uvely about 1 m 3 and 6 m 7 become mfective All msects that were
allowed to feed for 2 weeks on a diseased plant and hved for 25 days or
longer after the test was started became nfective In experiments ntot 1€
ported here a few mnsects with infective feeding periods as short as one half
hour d None't d after an feeding penod as short
as one quarter hour The transmisston records show a correlation between
length of infective feeding pertod and efficiency of transmussion

It will be seen that msect no 39 having an infective feeding period of
2 hours lived for 89 days after t g mf and d to 76
of the 89 plants on which 1t fed Only 1 wsect of the 8 wth mfective
feeding penods of 1 day only 4 of the 8 with mnfective feedmng peniods
of 1 week and none of the 3 with mfective feeding penods of 2 wecks
that hived for 89 days or longer after becoming mfective gave higher per
centages of transmisston than mnsect no 39 Frve msects of the 19 that
Lived sufficiently long to be compared with no 39 gave only shghtly
higher p: of dunng parable periods of therr
Lives and only 1 gave a higher percentage durng its entire penod of 1
fectivty

The 6 leathoppers with 2 hour mfective feeding periods fed on a total
of 384 plants and transmitted virus to a total of 275 plants or to about
71% of all the plants on which they fed dunng the periods of their mfec
tvity After termimation of the meubation pertod of virus m the several
msects that became 1nfective those 1n the 1 day 7 day and 14-day mfec
tive feeding peniod groups transmutted to 72 75 and 78% of all the plants
on which they fed The differences m the efficiencies of the groups as
vectors are by no means proportronal to the lengths of their mfective feed
g penods nor are they very great Nevertheless there 1s good evidence
of a relationship between lengths of mfective feeding perrods and efficiency
of transmussion The msects that became infective by feeding on a dis
eased plant for from 1 to 14 days d more 4
than the nsects that became diseased after access to a diseased plant
for 2 hours Each of the transmitting nsects 1n the 2 hour 1 day 7 day
and 14-day groups mfected an average of 45 35 39 and 40 plants re
P ly Thus although the 1nsects mn the 2 hour nfective
feeding peniod group d to the smallest p of the plants on
which they fed they mfected on an average the largest total number of
plants per ansect The efficiencies of the mdividual insects m the different
groups were remarkably sumlar

TJudging from the records of the 53 transmutting insects mn the 14-day
infective feeding period group 1t would seem that every leafhopper 1s
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largest numbers of plants There 15 no evidence as to why some sects
Irved so much longer than others Among the long lived msects the good
transmutters infected many more plants than the poor transmtters The
records give no hunt as to why some were good and others poor transmit
ters Perhaps the virus multiplies mote rapidly or reaches a hugher concen
tration 1n the good transmutters than n the poor ones It is obvious that the
promptness with which a newly hatched 1nsect becomes infected determines
the length of time 1t will be able to transmit Eggs deposited 1n a discased
plant produce nymphs that have the best opportunity of becomtng infected
early 1n hfe The length of the incubation penod of the virus in the insect
13 d longer m some 1ndividuals than tn others Hence length of
mcubation peniod of virus in insect 1s a factor of some mportance The
transmussion records show that a few msects became infected after feeding
on a diseased plant for as short a period as 2 hours while others did not
become infected after feeding on a diseased plant for as long as one week
Apparently some msects are infected by the virus much more readily than
others although all or almost all seem susceptible to 1t Naturally those leaf
hoppers that are infected readily acquire ability to transmut sooner than
those that are infected less readily The damage caused by an individual
nfective msect as a transmutter of yellows virus also depends on the plants
1o which 1t has access 1€ 1t feeds in a rye field 1t will not spread yellows
because rye plants are immune from this disease If 1t feeds m an aster field
1t will infect a large number of plants because the aster 1s highly susceptible
1f 1t feeds 1n a carrot or a lettuce field 1t will 1nfect many plants but not so
many as in the aster field because these plants although susceptible are not
50 highly susceptible as the aster Infective msects that are exposed to high
temperatures such as frequently prevail durine summer months especially
m the South lose abibity to transmut either temporanly or permanently de
pending on the length of the hot spell 11 Thus chmate and season have a
profound effect on the ability of the leathopper to transmut aster yellows
virus The transmussion records show that msects which acquired virus
through a short infective feeding penod transmtted 1t to 2 somewhat
smaller percentage of plants than those that acquired virus durmg a long
mfective feeding penod It may be that those that acquired virus most
readily suffered some 1njuncus effect from the infection whereas those
that acquired 1t less readily suffered less or perhaps not at all and for this
reason were better transmutters Groups wath long infective feeding penods
melude 1nsects that are readily infected as well as those that are infected
with difficulty This obscures to some extent the differences between those
that ate readily mfected and those that are ot
Several different species of Jeafhoppers feed on aster plants but only one
has been shown to teansmit They all doubtless ngest virus as they feed
but only Macrosteles fascifrons can transmat 1t and this insect apparentlv
only 1f 1t itself becomes mfected Individuals that are capable of becoming
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transmitted to 98 6% of all the plants on which 1t fed during 1ts wnfective
Lfe up to but not mcluding the day preceding 1ts death Thys 15 a record of
high efficiency The transmission records show that some mndividuals were
much more efficient transmtters than others

Was there a falling off 1n efficiency of transmussion wath age? Of the
6 mfective msects 1n the group that fed for 2 hours on a diseased plant
3 ived 60 days or longer after first transmitting O these one transmitted
to more one to fewer and one to the same number of plants n the first
30 day period as they did m the second 30 day period Of the 47 mfective
msects 1 the group that fed one day on a diseased plant 13 lived 60 days
or longer after first transmitting Of these 2 transmmtted to more 8 to fewer
and 3 to the same number of plants 1n the first 30 day penod as they did 1n
the second 30 day peniod OF the 42 mnfective mnsects 1n the group that fed
for 7 days on a diseased plant 12 lised 60 days or longer after first trans
mutting Of these 9 transmitted to more and 3 to fewer plants m the first
30 day period than they did 1 the second 30 day penod And of the 53
1sects 1n the group that fed for 14 days on a diseased plant 9 lived 60 days
or longer after first t g Of these 8 d to more and on¢
to fewer m the first 30 day period than they did 1 the second 30-day pe
nod Of the wnsects that transmitted m the four groups a total of 37 Tived
60 days or longer after first transmutting Of these 20 transmutted to more
and 17 to the same number or to fewer plants 1n the first 30-day period than
they did 1n the second 30 day period The 37 msects m these four groups
transmitted to 906 of the 1110 plants on which they fed i the first 30 days
and to 873 of the 1110 plants on which they fed during the second 30 days
They mfected 81 6% of the plants m the first 30 day pertod and 78 6%
1m the second 30 day period The fallmg off m nfectvity dunng the second
30 day pertod was shght It certamnly was no more than might be expected
from infective nsects that were approaching old age It will be seen that
most of the msects m the group that fed on a diseased plant for one day
and hived for 60 days or longer after becoming infective transmtted to mose
plants 1n the second 30 day period than in the first 30 day period whereas
most of the msects hving 60 days or longer that fed on a diseased plant
for 7 and 14 days transmited to fewer plants m the second than 1n the first
30-day period

Discusston

The damage caused by an aster leathopper m spreadmg yellows seems to
depend chuefly on two factors—the length of life of the msect and its efft
cency as a transmitter It also depends to a considerable extent on how
soon 1t has an opportunity to feed on a diseased plant how readdy 1t
acquires vIrus from such a plant what spectes of plant it feeds on and
what temperatute prevails after 1t becomes mfective The transmission rec
ords show that infective 1nsects that lived the longest transomtted to the
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15 offered the hypothess that length of time curly top virus 1s retamed by
the beet leafhapper depends on the size of the charge of virus acquired and
this mn tun on length of infective feedmg penod lacks cogency

Santmary

Four groups of aster leafhoppers conststung of 50 72 50 and 56 insects
respectively were held on yellows aster plants for 2 hours 1 day 1 week
and 2 weeks respectively The mdividual wnsects were then confined sep-
arately 1n lantern globe cages and allowed to feed on a different healthy
young aster or rye plant each succeeding day as long as they hived A trans
mission record was obtained for each of the 228 kafhoppers tested Com
parable virws free aster leafhoppers that were not allowed to feed on dis
eased plants served as controls Of the 50 nsects 1n the 2 hour nfective
feeding period group 6 transomtted of the 72 1n the 1-day feeding period
group 47 transmutted of the 50 mn the 1 weck feeding penod group 42
transmutted and of the 56 1n the 2 week feeding period group 53 transmut
ted None of the other 80 msects 1 the four groups and none of the control
1nsects transmitted Ameong the 80 leafhoppers m the four groups that did
not transmut 10 Lived for 25 days or less after the tests were started This
penod was considered too short to be satsfactory One or more of the 10
mught have transmutted if 1t had lived longer Of the other 70 1nsects that did
not transmut, 41 were 1 the 2 hour feeding pentod group 21 1n the 1-day
feeding period group and 8 m the 1 week feeding period group All of the
53 msects 1n the 2 week feeding peniod group that hved for 25 days or longer
after the fests were started transmitted After a 2 hour mnfective feeding
peniod about 1 mn each 8 msects transmutted while after a I-day and a
1 week feeding peniod about 3 1 each 4 and about 6 1n each 7 transmmtted
The records show that although some msects became infected danng a
2 hour mfective feeding peniod others did not become 1nfected dunng a 1
week mfective feeding period The results indicate that although most 1f
not all individuals are susceptible to 1nfection by the virus some are much
more susceptible than others A considerable number of insects remam
1nfective as long as they live Although there 1s no proof that all ifective
ndividuals remained mfective to the ends of therr lives the records bnng
1o evidence to the contrary The wsects with long infective feeding periods
transruitted to slightly higher percentages of plants than those with short
mfective feeding periods The records show that after becoming wmfective
the insects transmutted virus to about three fourths of all the plants on
which they fed dunng the remainder of thew hives The aster leafhopper
1s an efficient transmitter and a superb reservoir of the virus
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mfective may live on a diseased plant for a pertod approaching 2 weeks
without becomng transmutters

As was stated m the mtroduction to this report aster yellows spreads
and flounshes m tlus country at least as well as tobacco mosaic This 15
true 1 spite of the fact that 1t canaot be transnutted to plants manually
except by grafting does not spread by contact 15 so unstable as to be 1

activated in 1110 by rel. ly low and Ily 1s not distnb-
uted by man The secret of 1ts great success as 2 virus rests on an ability that
more than cc for these d It 1s able to infect and mul

tiply 1 an msect that feeds on many different species of plants mcludmg
the aster It has now been shown that a single infective individual feeding
for one day will transmit to about three of every four aster plants on which
1t feeds Aster yellows virus Like many others lives overwinter i brennizl
and perenmial plants that serve as 1ts reservoir out of doors and on annual
brenmal and perenmal plants indoors during the winter season of the year
It 1s mamntained out of doors during spring summer and fall 1n annual as
well as m bienmial and perenmal plants Its spread to plants 1s exclustvely
or almost exclusively by the aster leafhopper Leafhopper vectors of other
yellows type viruses doubtless play an equally important role

It has been claimed that the virus of curly top of sugar beets$® trans
mitted by the beet leafhopper and the virus of sugar beet yellows 7 transmt
ted by the peach aphid are retamed for a long time by these msects when
the Tatter are allowed to become viruliferous through feeding on discased
beets for a long ttme but are soon lost when the vectors are allowed to
become virultferous through feeding on diseased beets for short periods
The correlation between lengths of infective feeding pertods on diseased
beets (presumably the amounts of virus taken up) and lengths of virus re
tention periods has been presented as evidence that curly top and beet
vellows viruses do not multiply n their vectors In the case of the aster leaf
hopper as transmussion records show there 1s no correlation between
length of mnfective feeding period and length of time virns 1s retaned by
the leafhoppers This 1s exactly what mght be expected if as 1s now known
the aster yellows vitus multiplies 1n the aster leafhopper In one respect the
‘beet leafhopper and the aster leafhopper behave similarly toward the v
ruses they transmit Even after relatively long infective feeding periods
some ndividuals of both species fail to become viruliferous This 1s readily
explained m the case of the aster leathopper by assunung that some mdi
viduals are much less susceptible to infection by aster yellows virus than
are others If beet leafhoppers having a short infective feeding pertod take
up a small charge of virus and those having a long mnfective feeding penod
take up @ large charge 1t 1s difficult to understand why some individual
leafhoppers that would become viruliferous if allowed 2 very long nfective
feeding pentod acquire no virus at all during an nterval as long as 6 days

on a diseased plant Unul some satisfactory explanation of this behavior
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18 offered the hypothests that Jungth of time cusly top virus 18 retaned by
the beet leafhopper depends on the size of the charge of virus acquired and
thus mtem on! ngth of miceuve feeding penod lacks cogency

Summary

Four groups of 1ster kathoppers consisung of 50 72 50 ard 56 msects
respectvely were held on yellows aster plnts for 2 bours 1 day 1 week
and 2 weeks respecuvely The mdrviduzd sasects were then confined sep-
arately in Jantern globe cages and aliowed to feed on 2 different healthy
young aster or rye plant each succeeding day as long as they bived A trans
nussion secord was obtamed for each of the 228 feathoppers tested Com
parable virus free aster leafhoppers that were not aliowed to feed on dis-
cased plants served as controls Of the SO msects 1 the 2 hour wfective
feeding penod group 6 transmutted of the 72 m the 1-day feedip penod
group 47 transmutted of the 50 an the 1 weck feeding penod group 42
transrostted and of the 56 1o the 2 week feeding pentod group 53 transant
ted None of the other 80 meects m the four groups and none of the control
nsects transnutted  Among the 80 leathoppers wm the four groups that did
vot tansmut 10 hved for 25 days or less after the fests were started This
penod was considered roo shost to be sausfactory One or more of the 10
mught have teansmutted i€ 1t had hived longer Of the other 70 msects that did
not transmut 41 were an the 2 hoor feeding penod group 21 in the I-day
feeding peniod group and 8 1o the | week feeding peniod group All of the
53 msects 1 the 2 week feeding penod group that kved for 25 days or leoger
after the tests were started transmitted  After 2 2 hour wfective feeding
period about 1 1 each B msects transmutted while after 3 1-day and a
1 week feeding penod about 3 1a each 4 and about 6 w each 7 transoutted
The records show that although some tnsects became mfected dunng a
2 bour mfective feeding pertod othess did not become nfected dunog a 1
week infective feeding pertod The results mdicate that although most
not 2t mdrviduals are susceptible to wiection by tha virus some ace much
more susceptible than others A considerable number of msects remamn
wfective as tong as they Ive  Although there i3 no proof that all mfective
wdviduals remuned imfective to the ends of thesr hves the tecords brng
no evidence to the contrary The wisects with long infective feeding penods
transmutted to shghtly hagher percentages of plants than those wath short
wlective feeding pensods The records show that alfter becoming fectne
the msects transmutted virus to about three fourths of all the plants on
which they fed dunng the remamder of therw hives The aster leafhoppes
15 an efficient rapsmutter and a supersb reservorr of the virus
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wfective may live on a diseased plant for a peniod approaching 2 weeks
without becomng transmutters

As was stated 1n the wmtroduction to this report aster yellows spreads
and flourishes 1 this country at least as well as tobacco mosaic This 18
true 1n spite of the fact that 1t cannot be transmtted to plants manually
except by grafting does not spread by contact 1s so unstable as to be m
activated 1 vivo by relatively low temperatures and generally 1s not distrb-
uted by man The secret of 1ts great success as a virus rests on an abihity that
more than p for these d It 15 able to mfect and mul
tiply 1n an nsect that feeds on many different spectes of plants meludiog
the aster It has now been shown that a single nfective indwidual feeding
for one day will transmut to about three of every four aster plants on which
it feeds Aster yellows virus like many others ltves overwimter m bienpul
and perenmal plants that serve as its reservoir out of doors and on annual
biennial and perennral plants indoors during the winter season of the year
1t 1s mamtamed out of doors dunng spring summer and fall 1 annual as
well as 1n biennial and perenmal plants Tis spread to plants 1s exclostvely
or almost exclusively by the aster leafhopper Leafhopper vectors of other
yellows type viruses doubtless play an equally important role

It has been claimed that the virus of curly top of sugar beets?® trans
mutted by the beet leafhopper and the virus of sugar beet yellows ? transmit
ted by the peach aphid are tetaned for a Jong time by these insects when
the latter are allowed to become viruliferous through feeding on diseased
beets for a long time but are soon lost when the vectors are allowed to
become virulsferous through feeding on diseased beets for short perods
The correlation between lengths of mfective feeding periods on diseased
beets (presumably the amounts of virus taken up) and lengths of virus re
tention periods has been presented as evidence that curly top and beet
yellows viruses do not multiply m their vectors In the case of the aster leaf
hopper as transmussion records show there 1s no correlation between
Jength of wfective feeding period and length of time virus 1s retained by
the leafhoppers This 1s exactly what might be expected if as 1s now known
the aster yellows virus multiphes 1 the aster Jeafhopper In one respect the
beet leafhopper and the aster leafhopper behave similarly toward the vi
ruses they transmit Even after relatively long imfective feedmg pertods
some 1ndividuals of both spectes fail to become viruliferous This 15 readdy
explained 1 the case of the aster leafhopper by assunung that some mdi
viduals are much less susceptible to infection by aster yellows virus than
are others If beet leafhoppers having a short mfective feeding peniod take
up a small charge of virus and those having a long infective feeding penod
take up 2 large charge it 1s difficult to understand why some ndividual
Ieafhoppers that would become viruliferous if allowed a very long infectuve
feedmg pertod acqure Bo virus at all duning an mterval as long as 6 days
diseased plant Until some satisfactory explanation of this behavior

on a
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Vanahon in Virulence of Rickettsia Rickettsn”
under Natural and Experimental Condi-
hons* 1

Wnston H Pricel

M

of b y and Epidemiol Johns Hopkins Universtty
School of Hygiene and Public Health Balttmore Maryland

For the past three years studies have been carried out maimly m Mary
land and Montana on vamous aspects of the natural history of Rocky
Mountain spotted fever (RMSF) The results of some of these experiments
will be reported m this paper

For those readers wishing a knowledge of earher mvestigations on the
natural history of RMSF the papers of Racketts! should be consulted This
work done over forty years ago stands as a landmark m this field and
mdeed 1s one of the most briliant pieces of research that has ever been
carried out on the natural history of an infectious agent The classical paper
of Wolbach may also be consulted as well as the reports of Spencer and
Parker $ Parker ¢ and Toppmg ®

The problems of studying the varation 1 virlence of a parasite are
manifold For example one wonders whether the biological characteristics

*The author's work reported 1n this paper was supported by a grant from the Na
tional Institutes of Health U § Public Health Service

1 Some of the experiments described 1o this paper will be reported in the American
Journal of Hygiene 1n greater detail

+1 wish to express my sincere thanks to Dr Carl L Larson Director of the Rocky
Mountan Laboratory National Microbiological Institute Hanulfon Montzna for
placing the facilities of the laboratory at my disposal Some of the experiments re
ported 1 this paper were carred out at that laboratory
his work could not have been carried out without the vatuable assistance of Mr
C H Sawyer Miss Hope Emerson Miss Clare Preston Mr James Johnson Mr
Richard Laytop Mr Edgar Pickens Mr Harley Sargent and Mr Lawrence Humble
1 also wish to thank Dr David Lackman for performing some of the complement
fixateon tests dunng the early part of the work
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of the organtsm 1solated by laboratory procedures are really the same as
they were n nature Another problem that arises 1s the question of the
homogeneuty of the isolated stratn Thurdly there 1s the problem of inter
preting the behavior of the orgamism i nature o terms of laboratory
expeniments E les of all these probl will be d 1n the
following discusston

‘The paper has been dinded nto three parts The first section 1s con
cerned with the effect of the environment on the wirulence of R rickettsu
the causative agent of RMSF The second part deals with the reactivation
phenomenon of R rickettsu In the third section the effect of animal and
arthropod passage on the virulence of R rickettsu will be discussed

‘The Four Representattve Stramns of “R nchettsn”

Our results ndicate that at least four different representative strains of
R rnckettsu can be distinguished 1m the Umited States The properties on
Table 1
VARIATION IN PROPERTIES FOR GUINPA PIGS OF THE FOUR REPRESENTATIVE STRAINS

OF R rickeitsit INOCLLATED TNTRAPERITONEALLY WITH THE SAME NUMBER OF INFEC
TIVE ORGANISMS (10 000 EGO LDm(= 10 000 GUINEL PIG ™ })

Average | Average Incubation | Persistence
davs of heght | Scrowal | Percent|  penod | inanumals
Strain fever of fever | reacton| fatalty | (days) (days)
R | 8113 [ 406= 12| 44| 33 2 32
s | 41> 65| a0a=n| +4 o 2 26
T |a0x 92)a01x15) 0 0 2 26
v o ° 0 ° i

Particular lots of guinea pigs differ 1n thewr susceptibility to the various straina of
R wchens: especaally in their reaction to the lower virulent stramns 1t 1s therefore
essential when testing unknown 1solations for their virulence to run standard controls
of the various strains of R rickerssy This has been done 0 all of the work reported
1n this paper In those guinea pigs showmg lower susceptibility to the less virulent
strams of R rickertsu the anumals show a day longer meubation period than amimals
noculated with the R straing

which the classification 1s based are shown in Table 1 It should be men
tioned that the properties of the stramns of R richettsu shown m Table 1
are relatvely mdependent of the numbers of organisms njected mto the
animals® over a range varying from 100 000 IDg, to 10 IDg 1t wall be
shown later that these strains probably exist in nature since the interference
phenomenon nvolved 1n the 1solation by ammal moculation greatly reduces
the possibility of selectmg mwant shraums 1n the Taboratory which do not
possess all of the biological properties of the orgamism as 1t existed 1n
nature

Strans R S T and U have been solated from D andersont and strams
R T and U from D vanabilis Strams U and § have been 1solated from
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Haemaphysalis leporis palustnis (however see later discussion) Only R or
T representative stramns have been recovered from human nfections The
R strain 15 found mamnly m the Rocky Mountam area while the T strais
1s found princrpally in the eastern part of the United States * The U stram
of which there may be at least two different kinds exists both east and west
of the Mussissippr Ruver It may be noted here that although there are df
ferences between the T and R strains msofar as pathogenicaty for the
gumnea pig 1s concerned both may have the same pathogemaity for humans
since the age speaific fatality rate and clical symptoms 1n humans caused
by R nckettsu 1n the eastern and western part of the United States 15
sumular ® Indeed two T stram 1solations have been made from two fatal
human cases of Rocky Mountain spotted fever
Table 2
MINIMUM NUMBER OF 4 SIRAINS OF R ricketisi

REQUIRED TO INFECT AND KILL EGGS AND TO INFECT
GUINEA PIGS

Mummal number of rickettsiae to

M | Gweripa
Eggs Guinea pigs (ID ) for eggs
R 1-10 20-100 20-100
s 1-10 20-100 20-100
T 1-10 20-100 50-100
U 1-10 20100

THE PRODUCTION OF TOXIN AND HEMOLYTIC FACTORS BY
STRAINS OF R rickettsit

Strams | Toxn (mouse LDw)* Hemolync umit
R 1LD (77 X 100t | 1unt (19 X 10°)%
S 1LD (11 X 10 | 1 umt {26 X 10)
T 11D (97 X 10} | 1 umt (21 X 10%)
U 1LD (14 X 109 | 1umt (31 X 10 )

* These figures are lower than those reported previously
since the previous work was dome with rickettsiae which
had been frozen for some tume The above experiments
were carried out with freshly barvested matenial

+ Number of rickettsiae contributing 1 mouse LD, or 1
hemolytic umt These values are the mean values taken
from 3 experiments with the average error of the mean being
* 207

Table 2 shows some further of the four rep strams
of R ricketisn The orgamsms were prepared and counted under the elec
tron microscope as described previously with the average error of the mean

T These facts had been shown by previous mvestigators Our work simply confirms
them
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being = 8¢5 for the counting method ¢ It will be seen from Table 2 that the
ammals noculated m Table 1 receved the same numbcr of organisms
within a factor of about three this error being based on the snfectivity tests
The tests were carried out as described previousty ®

Although the four strams arc very smmfar antigenscally they can be
distinguished 1mmunologically by infecting guinea pigs with small numbers
of ether killed rickettstae as described 1n an earlier report® A typical ex
penment 1s shown 1n Table 3 The vaccinated guinea pigs are more resist
ant 10 challenge with the homologous strain than they are to challenge wath
a hetetologous stram

Table 3

ANTIGENIC DIFFERENCES INDICATED BY RESPONSE OF VACCINATED GUINFA PIGS TO
CHALLENGE BY RICKETTSIAE OF THE SAME STRAIN AS COMPARED TO OTHER STRANS®

Challengea | Gu nea pigs vaccinated with strain
wtharan RN | SAXIOH | TOXW00T | UGIx 109t
R 4 0 16 20 15/ Q 170
S 10/ 0 30 12/70 14/ 0
T 16/20 1410 470 16/ 0

All punea p gs were challenged w th 10 1D, prepared from yolk sac material
1 week after two injections of vaccine the latler be ng one week apart

1 Number of ricketts ae injected into gwinca pig

Numerator equals umber of guinea pigs showing climical ifection. Denom
nator shows number of gumea pigs challenged

Vanation in Virulence by Locahty

One of the most mnteresting features of the natural history of RMSF 1s
that there appears to exist 1n nature focahiies of hugh and low wirulence
msofar as the human host 1s concerned which remamn relatively constant
Year after year This observation was first made by Rucketts' and later by
Parker * We have extended these observations by studying the strans of
R nichettsu recovered from ticks 1 these ifected localiies These studies
have been carned out most extensively on the east and west sides of the
Bitter Root Valley 1n Montana Two localities were selected on each side
and D andersom: adult ticks collected each of three years This region was
chosen suce although the east side 15 separated from the west side by only
seven miles and many tick wfested ammals have crossed back and forth
between both sides for many years the west side has had many severe cases
of RMSF over the years while no case of Rocky Mountain spotted fever
has ever been definitely proven to have occurred on the east side of the
valley Table 4 shows a summary of the ssolatons mad. from adult D
andersons tiks on the east and west side of the Butter Root Valley during
the past three years Before testing all ticks were given a blood meal so as
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Haemaphysalis lepors palustris (however see later discussion) Only R or
T representative stramns have been recovered from human mfections The
R stram 15 found mainly 1n the Rocky Mountamn area while the T strain
1s found prncipally m the eastern part of the Umited States * The U stam
of which there may be at least two different kinds exsts both east and west
of the Mississipp1 Raver It may be noted here that although there are dif
ferences between the T and R strams nsofar as pathogemeity for the
gunea pig 1s concerned both may have the same pathogemicity for humans
since the age spectfic fatality rate and clinical symptoms m humans cansed
by R rickettsu i the eastern and western part of the Untted States 1s
similar ® Indeed two T stram isolations have been made from two fatal
human cases of Rocky Mountam spotted fever
Table 2
MINIMUM NUMBER OF 4 STRAINS OF R ricketisu

REQUIRED TO INFECT AND KILL EGGS AND TO INFECT
GUINEA PIGS

Mumumal number of nckettsiae to

_._L Gwve 1 LD
Eggs Guinea pigs (ID ) for eges
R 110 20-100 20-100
s 20-100 20-100
Tt 20-100 20-100
u 110 20-100

THE PRODUCTION OF TOXIN AND HEMOLYTIC FACTORS BY
STRAINS OF R rickettsit

Stramns | Toxin (mouse LD ) Hemolvtie unit
R 1LD (77 x 10)t Tumt (19 X 10 )t
S 1LD (11 X 109 1umt (26 x 10 )
T 11D (97 x 10) Tumt (21 X 10 )

u 1 LD (14 x 10%) fumt (31 x 10%)

* These figures are lower than those reported previously
since the previous work was donme with rickettsiae which
had been frozen for some tume The above experiments
were carried out with freshly harvested material

+ Number of nckettsiae contributing { mouse LDw or 1
hemolytic unit These values are the mean values taken
from 3 experiments with the average error of the mean betng
=+ 207

Table 2 shows some further propertics of the four representative stramns
of R rickettsu The osganisms were prepared and counted under the elec
bed ly with the average error of the mean

tron pe as F
~These facts had been shown by previous savestigators Our work simply confires

them
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on one side of the valley to determine the infection rate also appeafs to be
actng on the other side
Although there are ecological differences between the two sides of the
valley 1t has been 1mpossible as yet to determune why no high virulent
stramns have not been found on the east side of the valley It rught be men
tioned however that ticks on the cast side which 1n the laboratory are
infected with virulent strams can transmut the mfection to ground squurrels
and chipmunks as readdy as ticks found on the west side Furthermore
there 13 no difference 1n the per cent of transovanal transmission between
ficks collected from both sides of the valley when both are infected with
wirulent strains
When one ders the 1 survival mech of R nickettsit
the above observations are quite remarkable It was estabhshed by the
brilant work of Ricketts! that there are probably two biological survival
mechamisms for R rickettsy In simplified form they may be stated as
follows The orgamism winters over 1n a nymph or adult tick In the sprng
the mfected uck bites an amtmal This anmal 1s then able to infect unn
fected ticks which are feeding on 1t The second survival mechanism 13
transovanal transmission 1 which 2n nfected female engorges 1n the
sprng lays eggs and the eggs contam the nickettsize The parasite 18 then
retained by the tick throughout its lanval nymphal and adult stages A great
many studies which have been carried out with several strawns of R rickettsu
and several lots of D andersont indicate that 1n the field the transovanal
transmission takes place 2bout 30% of the ime Even when 1t does occur
nickettsiae are not passed to all the eggs This mechanism by atself would
appear to be msufficient to mamtatn the disease 1n nature and 1t appears
that both of the above mechantsms tend to keep the disease gomng 1n
nature
In the bight of the above results 1t 1s extremely difficult to understand
why both sides of the valley show a stmular trend in the nfection rate mn the
same year and why the R to U ratio on the west side remams relatively
constant year after year since there would seem to be so many places 1n the
brological survival cycle of the parastte for differences to occur m the popu
lation of ticks infected
Isolations carned out 1n a locality 1n Maryland over the three year penod
have yielded only U stramns with the total number of mfected ticks remain
g approumately at 039 dunng this intervat
Recently we have been able to show a tick to tick transmussion of U type
strains 1solated from D vanabilis m the East using ground squirrels and
chipmunks for the intermediate amimal host and larva and nymphs of D
andersont as the mnsect vector thus the natural cond
However the proportion of uninfected ticks that were mfected by feeding
on the ammals on which the infected tcks were also feeding was much
smallec than that found when similar expenments were carned out with
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to ensure that the rickettsiae would be 1n thewr most virulent phase (sec
later discussion) Furthermore, 1n all 1solations the ongal tick suspensions
were titrated 1n eggs as well as beng noculated mto gumnea pigs 1mtra
pentoneally twenty anumals being used for each isolation Thus all sola
tions described 1 Table 4 and indeed all of the 1solatrons which we have
made dunng this work are compared on a quantitatively equal basis *

Table 4

ISOLATIONS OF R rickettsy FROM D anderson: ON THE EAST AND WEST
SIDES OF THE BITTER ROOT VALLEY

East side
Number | Per cent v
Numberof | of ticks positive -
Year Type solations tested groups R
1951 U 10 512 195
1952 u 2 632 316
1953 U 1 321 312
West side
1951 R 7
S 1
T 3
U 24 nzs 311 34
1952 R 2
u 7 1291 0697 35
1953 R 1
v 3 512 0781 30

Trcks were tested 1 groups of 4-5 Thus while the above values
are minimum number of isolations due to relatively few pumbers of
mfected ticks the above calculations give values that are probably
representative of the situation

Three tentative wnferences can be drawn from Table 4 In the first place
only low virulent strains exist on the east side while a combination of low
and high virulent strains exist on the west side Secondly the ratio of the R
to U strain on the west side remains fairly constant from year to year Un

fortunately the summer of 1953 was very hot and 1t was not possible to
collect very many ticks Admuttedly more 1solations are needed durng sub

sequent years before we can be defimtely certamn that the ratio of R to u
strains 1s relatively constant on the west side Thurdly the fraction of the to

tal ticks that are infected m nature appears to vary wrdely from year to year
with both sides of the valley showing correspondimng trends 1n the same year

The reason for this vared infection rate of arthropod hosts 1s not known but
does not appear to be related to the variation 1n the stze of the tick popu

lation m the locahties studied Whatever 1 factor 1s

s Tests for the homogeaeity of all ssolations made dunng our three year study were
carried out as described previously
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through many generations 1 the laboratory and were free of R rickeusu
were put on each of the three squierels The uninfected nymphs were al
towed to engorge and molt to adults After one month at room temperature
30 adults from each squirrel were put on cach of two guinea pigs The
adults were alloned to feed for 6 days and the ammals then observed for
three weeks In control expeniments the low virulent and high virulent 1n
fected samples were set up exactly as described above except that group 1
had no high virulent infected ticks and group 2 no low virulent mfected ticks
Table 5
INTERFERENCE BETWEEN INFECTIONS WITH A STRAIN OF LOW AND ONE OF HIGH VIRU

LENCE OF R rickeftsu AS DEMONSTRATED IN GROUND SQUIRRELS INFECTED BY MEANS OF
D andersont Ticxs

React ony of guwinea pigs on wk ch nor
mal tcky fed after feeding on infected

squirrels
o,
Normal ticks fed on squirrels 'f;;;; 5; Scrotal
nfected by exposure to fever reacrion Fatal sy

(1) Low virulent mfected ticks 51 = 93 0720 10720
(2) Highly B2 x 14 17721 8/ 1
(3) Low and highly * - 46 = 81 0/19 0/19

Numerator shows number of ammals showimng scrotal reaction Four amimals in
group (1) showed no symptoms 3 ammals i group (2) showed no symptoms and
5 ammals in group (3} showed no symptoms Fever equals any temperature over
398 C All scrotal reactions Were severe resulting 1n necrosis in group (2)

+ Numerator shows number of ammals dying of spated fever

The results shown 1n Table § are the cumulative data from four expent
ments all expenments giving the same results It can be readily seen that
vanfected ticks feeding on Columbian ground squurrels harboring a large
number of D andersom nfected with low virulent strams and a small
number of D andersom mfected with a ghly virulent straun of R rickettsu
transmit only a low virulent stram It 1s not possible to say from these ex
periments whether nterference between the high and low virulent straing
occurs i the ticks Al tests carned out so far indicate that such ticks con
tain only low wirulent strain Larvae coming from female of such ticks have
been found to have the same strain as the parent Experiments sunular to the
above were carned out with field mice (Microtus) and cotton tail rabbuts
with stmilar results In other expeniments i which tcks harboring hughly
virulent strams predommated normal ticks became infected only with
the hrghly virulent straa Larvae comung from females of such ticks have
been found to have the same stram as the parent Thus 1t1s easy to sce why
if one stram 15 predominant i 4n area 1t will stay predommant However
the 1mportance of the role of the nterference phenomenon in the natural
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virulent strams The tests for mfectivity were carried out by noculating
chick embryos and making two blind egg passages as described previously ¢
The per cent transovanal transmisston rate of the eastern U strams appears
to be sumlar fo that found for the virulent strains These results must be
considered as preluminary and further studies which are 1n progress must be
completed before any defimte statement can be made as to the relatie ease
of infecting ticks with the eastern U strains under natural condittons All
that can be said at the present time 1s that the transmission of U type strams
15 possible under cond closely appr g those found m the field

Under condttions stmilar to those used in the above expeniments 1t has
50 far been mpossible to show tick to tick transmussion with the U straws
wsolated from D anderson 1n the West Columbian groundsquirrels chup-
munks field mice (Microtus) and cotton tail rabbuts have been used as the
ammal host 1n these experiments Further studies are m progress on the
transmussion of these strams

Another difference between the U strains found 1n the eastern part of the
Umited States 28 compared {0 those found in the West 1s that the eastern U
strams after 1 or 2 egg passages will behave Jike T strains when moculated
mto gumnea pigs The U strams 1solated 1n the western part of the Unuted
States remamn U strams even after 10 egg passages These results have been
consistent for eight eastern U strams and twelve western U stramns All these
expeniments were carnied on 2 quantitatively equal basis and the ongmal
strains ssolated directly from the vanous tick species were used 1 all trans
mission studies

The eastern U strain can also be distngwished from the U stram found
1n the western part of the United States by tissue culture methods Usug
human testicular tissue the eastern U stram behaves like a T stramn after
one tissue culture passage It also causes a cytopathogenuc effect m the cells
Indeed tissue Cultures infected wath these strams grow very poorly The
virulence of the western U stramns has not been changed under sumilar con
dittons

One factor which may play a Tole m determining the hind of stram found
m a locality 15 the interference phenomenon We have found that if two
strains are mnoculated intraperitoneally simuftaneously mto gunea pigs
the one whach 18 in the greatest number will inhubit the multiphcation of the
other strain T We have extended these observations in an attempt to deter
mmne 1f the interference phenomenon? would play a role mm mamtaimng
areas of essentially pure strams of R rickettsu in nature The followmng
type of experiment was carried out as shown m Table 5 One hundred D
andersor: nymphs infected wath the fow virulent stramn T and two D ander
som nymphs mfected with the highly virulent stram R were put on each of
three Columbian ground squirrels After three days dunng which ime 80
of the nymphs infected wath the T strain and both nymphs fected with the
R stram had been feeding 100 uninfected nymphs which had been raised
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Table 7

A COMPARISON OF THE PROPERTIES OF R rickelisit ISOLATED FROM Haemaphysalis
leporis palustris COLLECTED EAST AND WEST OF THE MISSISSIPPL RIVER

Rabbut tick suspensions (100 egg LDw)

< g
3 2
& K
3
Guinea pigs { 0) Guinea pigs (°0) Chick embryo  Chick embryo passage
U stram § stram passage No 1 No 1

100 egg.
LDut
P
FS Guinea prgs 100 egg LDut
H 0]
8
A

Guinea pigs (20)
Antigenically idenuical S strain
*Tuer of onginal tck suspensions per 05 mi of suspension 05 m! of these
suspensions was inoculaled intraperitoncally into guinea pigs 20 ammals being used
for each suspension

4 Dose noculated nto guinea pigs as determined by egp titration

of the Mississippr Thus table 1s based on esght eastern 1solations and twelve
western 1solations The strans 1solated east of the Mississippt are of the S
type All of the strains 1solated west of the Mississippr appear to be of the
Utype After one egg passage however they all show the S stramn charac
terisics Immunologically both 1solations are :dentical when tested by the
sensitive method described earlier 1o this paper The eastern 1solations of
R nickettsn may be passed as many as ten times 1n chick embryos and they
still give the charactenistic S strain response 1 guinea pigs

The Reactivahion Phenomenon

1t was found by Spencer and Parker® thatif D andersom ticks mfected
with a virulent strain of R rickettsu were refnigerated for several months
and then made 1nto suspension and moculated 1nto guinea pigs the guinea
pigs showed at most only a few days of fever and were immune to a virulent
challenge of R rickertsit It has been thought that this was due to the fact
that the tick susp d too few o infect but enough
t mmumze However by egg titrations of such suspensions we have been
able to show that such 1s not the case Table 8 shows a companson of the
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history of R rickettsi: would depend upon many factors such as the num
ber of susceptible animals available 1n an area and the number of mfected
ticks It1s therefore impossible to assess the importance of this phenome
non at the present tme However 1t 1s obvious that the interference phe
nomenon would greatly imit the development of new strams mn nature by
selection and mutation since even the U stram which does not multiply 1
anmals will inhibit the multiplication of the R type when present m 10
times the concentration of the R stran Thus if mutants arose at the rate
of 1 m 10° or 10% orgamsms as they do with other microorgamsms ther
1 would be mhbited and there would be very little chance for

thesr development
Another effect of environment on R rickettsi appears when one com
pares the 1solation of R rickettsu from Haemaphysals leporis palustris
(H1p) found east and west of the Mississippt When strams are 1solated
from Hlp 1n nature they have always been of low wirulence * We have
confirmed and extended these observations Table 6 shows the charac
tenstics of the rabbit tick 1solations found 1n the west It can be readily
seen that the 1solations from the tick behave like a U strain  After one €88
passage however 1t behaves like the S stramn On lookmng at Table 7 1t wall
be seen that there 1s a curious difference in the strains 1solated east and west

Table 6

PROPERTIES OF R rickeffsu 1SOLATED FROM Haemaphysalis leporis palustris FOUND IN
THE BITTER ROOT VALLEY{

RABBIT TICK SUSPENSION FROM NATURE COLLECTED FROM COTTON TAIL RABSIT

1000 LD
Egg passage No I
{ 1000 LD +
Guinea pigs (30) Pigs (30}

1) Slight 1f any symptoms 1) Scrotal reaction resultmg tn swellng
and redness and several days of
fever

2) Low CF 2) High CF

3) Immune to virulent SF 3) Immune to SF and boutonneuse

4) Not immune to boutonneuse 4) Titer of spleen 10-100 LD

5) Titer of spleen 8 LDs 5) Can be passed senally in guinea pigs

6) Cannot be passed sernally i gunea
pgs

1y nto 30

* Titer of ongmal tick per 05 ml
guinea pigs

+ Titer of matenal per 0.5 m! noculated mtrapenitoneally into gumea prgs

+ Symilar strams have been 1solated from this rabbit tick in other western states
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the virnlent state thus appeats 1o be herediary since the avirulent phase can
not be passed senally from guinea pig to guinea pig Indeed all atterpts to
demonstrate multiphication n guinea pigs of the avirulent phase prepared
from ref. tick susp have been negative These at
tempts have included titrations 1 chick embryos of vanous organs of guinea
pigs moculated with 100 egg LD , of the avirulent phase and also passage of
these organs to other guinea pigs at two day mtervals for 14 days None of
these gumea pigs mjected with the vanous organs showed any RMSF
symptoms and none were immune to challenge with 5 ID 4 of a wirulent
stram of R rickettsu As many as three blind passages m gunea pigs have
been carned out 1n an attempt to demonstrate multplication of the avirulent
phase with entirely negative results Similar negative expeniments have been
cammed out with Columbian ground squirtels cotton tail rabbits chipmunks
and cynamologous monkeys It would appear that when the avirulent phase
from refngerated ticks 1s mjected into ammals one 15 essentially vaccinating
the ammals since wn practically all respects such as the clinical response and
immunological response the avirulent phase behaves hike a \illed vacaine
prepared from the hughly virulent phase

The relationship of avirulent phases to  masked viruses and the im
portance of possible avirulent phases in the study of the natural history of
an nfectious agent has been discussed 1 a previous article ® One also
wonders whether the avirulent phase of R rickertsi 15 1n any way related
to an incomplete nckettsia in the sense that mcomplete forms exist for
viruses ® Experiments are i progress on thus latter pomnt

Table 9
THE EFFECT OF MOLTING ON THE VIRULENCE OF R chestsi IN D andersom

Tume assayed after engo gemem: | Egg LDw ver 5 t cks| Reacnon wn guinea pigs
° 10 000 Virulent spotted fe er

1 week 100 000 V rulent spotted fever

2 weeks 30000 Virylent spotted fever

3 weeks 30000 Virulent spotted fever

4 weeks (rust before molung) 10000 Virulent spotted fever

S weeks (ust after molting) 10000 Mild spotted fever

7 weeks (2 weeks sfter molting) 2000 Mild spotted fe er

30 anumals injected at each tume period Virnlent spotted fever results m 8 davs of
fever severe scrotal reactions resultng m the death of about '3 of the an mals
10 LDx at any time duning 4 weeks also gave similar reacton Mild spotted fever
means only 3 to 4 days of fever and no other symptoms

A further analysis of this phenomenon has shown that the mamn decrease
1n virulence takes place unmediately after molting This 1s shown 1n Table 9
Nymphs of D andersom were infected with the virulent R type by feeding
on infected gumea pigs They were allowed to engorge and fall off the any
mal which took about one week The ticks were then kept at room temper
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Table 8

A COMPARISON OF THE VIRULENT AND AVIRULENT PHASES OF R rnchetfsu FOR THE
GUINEA PIG*

Avirulent phase

Virulens phase

Grows poorly (0 LDw in spleen)

Produces low if any complement fixa
tion titer (0-1 20)

Produces toxm neutralizing antibody

Cannot be passed sersally from pig to pig

Produces immunity to virulent spotted
fever

Produces no mmmunity to boutonneuse

ever
Changed to highly virulent form by 1 egg

P £
Changed to highly virulent state by keep
ng ticks infected at 37 C for 72 hours

Produces litle 1f any fever
Produces no scrotal reaction
No fatality of gumnea pigs

Grows well (300 LD. 1 spleen)

Produces hugh complement fixation titer
(1 254-1 1024)

Produces toxin meutralizing antibody

Can be passed from pig to pig

Produces smmunity to virulent spotted
fever

Produces immumity to boutonneuse fever

Virulence not changed by 1 egg passage

Virulence not changed by keepmg ticks
mfected with wirulent form at 37
for 72 hours

Produces about 8 days of fever

Produces severe scrotal reaction

25 to 507 fatality

Table based on 100 gumnea prgs inected with 100 egg LDs of avirulent phase
and 100 guinea pigs injected with egg LD, of virulent phase The avirulent phase was
prepared from refrigerated ticks as described 1n an easler report

avirulent and virulent phase of R rickettsu Ths chart 1s based on mtra
penitoneal moculation of 100 guinea pigs for each phase 100 egg LDso
bemng imjected for each phase Thus the guinea pigs 1noculated with the
avirulent phase were recerving 100 times the number of orgamisms neces
sary to cause a virulent spotted fever infection since 1 egg LDso wall cause
a virulent spotted fever mfection The avirulent phase can be made virulent
by a blood meal or by keeping the ticks at 37 C for 48 hours $ We have
confirmed these results Furthermore we have found that the change from
the avirulent to the virulent phase may also be brought about by one chick
embryo passage This 1s of extreme mmportance since 1t permuts us to
count the rickettsiae of the avirulent phase by egg titration

Other experiments have indicated that the reactivation phenomenon 1§
not due to sel P or interf If an mhibttor
15 present in the avirulent phase tick suspensions which prevents the gumnea
pigs from coming down with spotted fever experiments have shown that it 15
never 1n excess over that required to neutralize the possible virulent organ
1sms that mught be present and 1t must be closely bound to the nickettstae
All data indicate that a change occurs which makes the virulent orgamsm
avirulent and that under appropnate conditions the orgarusm can be made
virulent agmn Once occurs the rick can be d
by spleen passage from gumea pig to gunea pig for at least 16 transfers
without changng its biological properties The change from the avirulent to
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Since the R § and T strawns of spotted fever have a virulent and aviru
lent phase this brngs up the question of whether the S T and U strams
are not simply different virulent phases of the R stram The evidence aganst
s 1s as follows (1) the R § T and U strains have been maintawned 1n
eggs for many passages (one egg passage will reactivate the avirulent
phase) {(2) whilethe R S T and U strmin can be distingwished immuno-
logcally from each other the avirulent and virulent phases of any one strain
cannot be distinguished (3) the S and T types have been carned through
many arthropod animal passages and sull retain their charactenstics One
blood meal 1n ticks will reactivate the avirulent phase (4) ticks nfected
with the R type have been kept for as long as three years 1n the avirulent
phase and when reacuvated give the charactenistic virulent R stramn The
avatlable data indicate that this 1s about the Jongest tme that adult ticks
can exist 1 nature without feeding on an ammat and therefore thts would
be the longest ime the avirulent phase could exist in nature

There 15 no evidence from field observations that the § T and U strams
are simply vaniants of the R strain Areas have been found where only the
T or U strains are present While all of this evidence does not rule out the
fact that the four stramns of rickettsiae may come from one strain or are
different virulent phases of one strain it 1s dufficult to fit all the evidence
mto such a hvpothesis

‘The Effect of Ammal and Arthropod Pacsage on the Virulence of
“R rnickettsii™

Since several different virulent strains of R rickettsie are found in nature
experiments have been carried out to sec whether mechanisms exist 1n
nature for selecting strains of a particular virulence or whether they anse
by a random process

Tn the first part of this section the effect of animal passage on the viru
lence of R rickettsu will be discussed

Strauns of R rickettsu are always of low virulence when isolated from
Haemaphy salis lepor:s palustris the rabbit tick * Since the rabbit tick only
feeds on rabbits and birds and in the areas we have studied 1t seems to
feed only on rabbits 1t was possible that the low virulence of R rickettsn
1solated from Haemaphysalis leponts palustris was due to 1ts continued pas-
sage 1n rabbits Therefore wvirulent R strains were passed by splcen transfer
1n cotton tail rabbits Table 10 shows the result After 8-11 transfers the
strains always showed the virulence of § strams and 1n one nstance a T
stram Continued spleen pascage n dogs and opossums also lowered the
virufence of the R strains No decrease m virulence was noted 1z passing R
strains t Columbian ground squirtefs chipmunks and field mice However
if mnstead of using spleen passage the virulent R strams are passed from

# This observation was first made by R R Pasker on rabbit t cks collected
B tter Root Valley back m the 19705 i} ! @ collecied m the
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ature Samples of five ticks were then assayed in eggs and moculated mtra
pentoneally into twenty guinea pigs at the intervals shown mn Table 9 The
LDy refers to the titration of the tick suspension m eggs per 05 ml of
suspenston 0 5 ml of each susg was lated it lly mto
the guinea prgs Up to the time that nymphs molt mnto adults they have the
virulent strain However as soon as they molt the adults no longer have the
virulent stran but give a type of reaction similar to the T type m spite of
the fact that about 10 000 times the number of organisms were mjected
mto the animals than 1s necessary to give a virulent reaction The same de
crease 1n virulence cannot be shown when Jarvae mnfected with the virolent
strain molt into nymphs These expeniments have been repeated four times
with essentially the same results This result brings up the very nterestng
question whether the moltmg hormone of the tick can control the virulence
of the organism The avirulent phase found after molting however appears
to differ from that found 1n refnigerated ticks i that 1f a spleen suspension
prepared from a guinea pig moculated with a suspenston of recently ‘molted
mfected tcks 1s injected into another gmnea pig that gumea pig comes
down wath virulent spotted fever This result 1s mndependent of whether the
guinea pig 15 myected with 2 egg LD o or 10 000 egg LDy, of the avirulent
phase The avirulent phase prepared from recently molted ticks shown 1
Table 9 can also be shown to multiply in gmnea pigs It 1s not clear there
fore whether the avirulent phase prepared from recently molted ticks kept
at room temperature 1s of a shghtly different kind than that prepared from
refrigerated ticks or whether there are still some virulent orgamisms present
m the recently molted ticks kept at room temperature which overgrow the
avirulent phase on the second gumea pig passage In view of the ter
ference phenomenon however 1t 1s difficult to see how 1t could be due to
the latter hypothests

The S and T strains of spotted fever have also been found to show the
reactivation phenomenon that has been described above for the R stran
That1s the S and T stramns show avirulent and virulent phases The aviru
lent phase of the S and T strams can be reactivated by the same procedures
as described above for the R strans

The avirulent phase of stran R was readdly found m ticks mn nature by
Spencer and Parker # We have found the avirulent phase of the R S and T
stramns 1 ticks collected mn the field

Studtes we have carrted out 1 Montana indicate that i the field the
change from the avirulent to the virulent phase only comes about when the
mfected ticks feed However 1t 1s possible that m some warm areas the
change from the avirulent to the virulent type might be brought about by
the high temperatures since reactivation can occur by leaving the nfected
tick at 37 for 24 hours m the laboratory * It 1s also possible reactivation
may occur when ticks mfected with the avirulent phase do not feed on an
animal but stmply remam near the skin
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Table 11

TME EFFECT OF PASSING THE EASTERN U STRAIN IN HUMANS
CHICK EMBRYQ AND TISSUE CULTURE

Isolations of R rnickettsu from D vartabils and man

D varabil s (100 egg LDw)

“Tissue cultures§
passage No 1
Chick embryo passage
Guinea pigs (20} No 1 Guinea pigs (20}
T st U strain

100 egp*
LD.
100 egg LDw*
Guinea pig
Gumnea pig T stram
T stram

Antigenrcally identical

* Tater of onigmal tick suspension per 05 ml
oculated intrapenitoneally into 20 guinea pigs

+Titer of blaod clot from patient per 05 ml of suspension 05 ml was moculated
wtraperitoneally 1nto 20 guinea pigs

Dose inoculated wmtrapentoneally mto 20 gumea pigs as determmed by egg

05 ml of the suspension was 1

titration
§ Human testicular matenial was used

varsabiles tick which had mfected 2 human This tick was engorged with
blood It may be seen that the strain 1solated from the tick was the U stramn
but that rsolated from the patient was of the T stram Therefore after one
passage 11 man the virulence of the stramn was mcreased It should also be
noted that the virulence mcreased to the T strain after one egg passage

Thus increase 1 virnlence after one egg passage of the U stram 15 character

1stic for the eastern part of the Umited States It 1s not clear whether the
increase 1n virulence after one egg passage m man n the case of the eastern
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Table 10

THE EFFECT OF ANIMAL PASSAGE BY MEANS OF SPLEEN TRANSFER AND ARTHROFODS
ON THE VIRULENCE OF THE R TYPE OF R rickettsu*

Anmimal Spleen transfer Arthropod transfer
Cotton tail rabbit S and T types (8-11) R (15)
Opossum T types (6-10) R (15)
Dog T types (10-13) R (15)
Columbian ground squirrel R types (13) R (15)
Chipmunk R types (13) R (15)
Field mouse {microtus) R types (10) R (15}

* All tests carmed out by guinea pgs with the 10 aed

100 egg LD» (which 1s equivalent to about 10 or 100 gumea pig ID.)
Figures 1n parentheses refer to number of passages

anmal to ammal by nymphs of D anderson: then there 1s no decrease m
the virulence of the R stramns In the spleen passage the material was
titrated m chick embryos and inoculated into guinea pigs All passage
material was pared to equivalent doses of r from the virulent
R strain before they were passed and thus all companisons are on a quantt
tatively equal basis It should be pointed out that after a few passages 1o
gumea pigs the strams which became lower 1n virulence after being passed
1n cotton tal rabbits dogs and opossums reverted to the virulent R strains
The above experiments show that if we use the mode of transmussion that
operates n nature arthropods we do not change the charactenstics of the
stram This experiment also emphastzes the difference between the effects
of artificial and natural transmusston of an mnfectious agent

Expeniments were also carmed out to determme if larvae nymphs of
adult D anderson: ticks 1nfected wath the virulent R strain and fed on
gumnea pigs or Columbian ground squirrels showing high CF and toxin

spotted fever antibodies would affect the virulence of the stram

No effect was noted and indeed the nickettstae multiphied 1n the ticks about
as well as they did when fed on animals not containing any antibodies The
only effect of antthody that has been found that would play a role m the
mamtenance of R tickettsu m nature 15 that ammals contamning complement
fixing and toxin bodees to R rick cannot nfect umn
fected ticks even though infected ticks are also feeding on the anmmal Such
experments have been carned out with Columbian ground squrrels and
chipmunks Furthermore no effect on the virulence of either the R S or T
strain was noted when D anderson: ticks infected with these strans were
fed on a vanety of ammals with varying susceptibihity to Rocky Mountain
spotted fever

The only mnstance 1mn which we have found a mechanism for modifying
the virnlence of a stramn under cond:tions that exist 1n nature 1s the following
case shown 1n Table 11 A stramn of R rickettsit was 1solated from a D
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Table 1

IME EEFECT OF GROWING VIRULENT SPGTTED FEVER STRINS 1N Haena
physalic lepons polustns

THREE VIRULENT STRAINS X 4 AND B ISOLATED FROM D andersont WeRE

PASSED SN Haemaphytake bporiy p lusinis TICES FOR THREE COMPLETR
LR CYCLES TWENTY PGS WERE LSED TO TEST EACH VIRULENT STRAIN

100 LD 3000 LDuw
Material énject @ | Scrosml reacnon | Earery Scrotal reoction Fever

X ; 4 14 44 a4
A 2t + s ‘ ++
B ! 2+ 24 4t 44
i Htp ticks 24 {2+ 4+ | o
AmHlptuks I+ ‘ 2 4+ 44
BuHlpucke | 24 + 4t | 4t

Egg LD of tnk suspension per 05 ml imoculates intrapenitoreatly
o the gunea pig
Table 13
THE EFEECT OF GROWING Haemaphvsahs leporyy palustris SYRUNs 14 D ande som

TWO Haemaphysalis {epor € palustret. STRAINS  WERT PASSED THROLGH 4 Cou
PLETE LIFE CYCLES 1N D andersons TWENTY PIGS WEBE USED TO TEST Xacs Haema
phvsalis leporus palustns 3TRATN

| 109 LD ! 5000 LDu*
Matersal wjected | 8 rosal resctian | Ferer! Scroral reacnon  Faer
Hipavam ) 14 [P + ‘ 24
H1p stzam 1 1 andersons it by oy z
Hipstram 2 e [EREY 14 \ 13
H ip veam 2 m amdersom i- IR 14 14

> Egg LD, of uck suspennion pes ¢ S ml  woculated wtrapentontally mio guimeas
Pigr.

D varabiks using ground squirrels and field rice to feed the larvae and
nymphs and dogs to feed the adults stace these conditions would closely

approumate the conditions tn nature 0o decrease o virulence was noted
m the R strams

Summary
{1} Four mamn straws of R rickeitsn can be dh tinguished 15 nature 1
the United States
{2) The theee strams showing wiruknce for the gumea pig have been
fouad to exat i an aviruleat phase m ther arthropod vector in mature The
mata mechanism for increasing the varulence of the avrulent phase 10 ticks
found s the held appears to be a blood meat though appatently the tem



180 DYNAMICS OF VIRUS AND RICKETTSIAL INFECTIONS

low virulent stram or the mcrease in virulence m the case of the western
tabbit tick stram after one egg passage 1s due to selection mutatton a com
bmatton of these two phenomena or to adaptation The increase 1 viru
lence under these conditions 13 not understood 1n relation to the reactivation
phenomenon since these low virulent strains were 1solated from ticks which
were full of blood and should have been in their most virulent form

It should be emphasized that when the original isolations of R rickettsn
from arthropods collected 1n the field behave like a U stram 1n the gumea
p1g 1t 1s not possible to tell whether 1t actually 1s 2 U stratz or ts an aviralent
phase of anR S or T strain smce the avirulent phases of these three strais
behave like a U strain It 1s only posstble to say after attempts have been
made to reactivate the orgamisms by one chick embryo passage and by one
blood meal mn a tick

The final series of expeniments reported n this paper were carned out 10
see whether the arthropod vector nfluenced the virulence of R rickettsu

In all the experiments that will be described the particular tick species
that was being studied were ground nto a suspenston 1 lots of about 3104
ticks each at the appropmate arthropod passage and titrated 10 chick
embryos 0 5ml of the tick suspension was also mnoculated mtraperitoneally
mto 20 gunea pigs The reaction of these gumea pigs was compared to
guinea pigs injected intrapentoneally with equivalent doses of the nichettstal
strain before arthropod passage In all tests an onginal tick 1solate was used
1 order to approximate as closely as possible the conditions that exast 10
the field Three hundred ticks were tested for each tick spectes studied

Only low virulent strains have been isolated from Haemaphy salts lepons
palustris 1t mature Stnce the rabbit tick 1s a totally different specie than
D anderson: and sce 1t feeds only on rabbits and birds 1t could be that
exther the animal host or the tick mught be responsible for the low virulence
of the 1solated stramn Thus since we have studied the effect of rabbit pas
sage on virulent R strains we were mterested in studyng the effect of
arthropod passage of the virulent R strains i Haemaphysalis lepons
palustris Three virulent strams were carried through three complete ife
cycles in Haemaphysalis leporis palustris using the cotton tail rabbut for all
tick feedings From Table 12 1t 1s apparent that there 1s not a decrease 1t
virulence of the R strams under these conditions

It was thought of interest to see whether the low virulent rabbit tick §
strams could be mcreased 1 virulence after passage through D andersont
since manv virulent strams have been 1solated from this tick After four
complete hife cycles in D andersont 1n which erther gumea pigs or ground
squirrels were used for all tick feedings no ncrease m virulence was ob
served wath the low virulent rabbat tick straims as shown m Table 13

Finally since D varabilis has yielded over 90% of the low virulent U
or T strams 1n the field we have attempted to see whether this tick could

decrease the virulence of the R strains After four complete Iife cycles in
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perature of 37 C associated with getung the blood meal 1s of the most
mmportance 1 reactivating the orgamsm

(3) Other experiments indrcate that the virulence of the orgamsm m its
arthropod vector 1s not only controlled by the temperature but also by the
molting hormone of the tick

(4) Areas containing high or low virulent stramns of R rickettsn exst
mn nature the virulence of each area remarmung relatively constant year after
year

(5) Areas of a combmation of high and low virulent strams also exist
m nature In the two such areas studied the ratio of hugh to low virulent
strains remained constant over the three year observation period

(6) Experments carned ont to approximate field conditions as nearly
as possible have mdicated that the mterference phenomenon may play 3
role 1n the natural history of Rocky Mountain spotted fever by preventing
mutant stramns from ansing The mterference phenomenon may also help
explam why some localities m nature have been found to have only on¢
strain of R rickettsu over the three year observation peniod

(7) In a large sertes of experiments transovarial transmission occurred
about 30 per cent of the time In these positive instances only a certan
fraction of the eggs were found to have rickettsiae

(8) D andersom mfected with R rickettsis and fed on ground squurels
and chipmunks showing a Iugh titer of complement fixing and toxun neutral
1zing antibodies faled to infect uninfected D andersont fed on the same
anrmals

(9) The fraction of the total ticks that are mfected 1 nature may vary
widely from year to year

(10) Attempts using ammal and arthropod passage to change the it
Ience of any stran of R rickettsu by methods used 1n the natural mode of
transmussion have yielded negative results This of course does not mean
that various species of ammals or arthropods do not select strams of 2
certain virulence 1n nature but indicates that such changes do not occur
readily
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here to follow the agent from 1ts entry 1n a new host to its point of departure
where we commence our discussion

Sites for Virus to Leave the Infected Host

In Table 1 have been tabulated a varnety of sites for virus to leave the
afected host

Table 1
SITES FOR VIRUS TO LEAVE THE INFECTED HOST

1 Excrenons or secrenions from body onfices or superficial organs
A Oro-pasal onfices
1 Respiratory epthelium
2 Pharyngeal surface
3 Tongue and buccal ulcerations
4 Salvary glands
B Anal orffice
C  Urethral onfice
D Vagnal onifice
E Sk and mucous membrane

G Breast onfice

Covered sources not avarlable at body surface or natural onfices
A Blood

B Ovary or uterme tube
C  Tumor

A very large number of viral agents leave the host through the oro-nasal
cavities The tmmediate source of the virus 1s extremely varied and 1 some
mstances not well defined Several come directly from parasiized and
damaged cells of the y The pathology they produce
there may greatly facitate their excretion by such mechamsms as cough
and coryza as 1 measles influenza and the common cold Others like
poliomyelitss virus are present on the surface of the pharyngeal mucosa
possibly by centrifugal spread from nerve fibers but with no recognized
local pathology and are not usually aided 1 leaving the body by the
presence of copious secretions conghing or sneezing Another group comes
from ulcerative lesions on the tongue or other areas of mucous membrane
mn the mouth such as mn foot and mouth disease vesicular stomatis and
probably m herpes and herpangma Sull another group multiply i glandu
lar tissue of one or more of the salivary glands some with and some with
out obvious pathology and are excreted mto the mouth from the gland
ducts These include mumps rabies and a vartety of other less well studied
mammahan viruses

Only a few years ago the number of viruses known to be excreted from
the gastro-ntestmal tract was very limited This 1s no longer the case and
undoubtedly many more viruses will be found From the number now
classed 1n the Coxsacke group 1t beginis to appear that the variety of viruses
1 the gut might closely parallel the gram negative rods of the enteric group
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Pathogenic Mechanisms of Virus Diseases

W McD Hammon
Graduate School of Public Health Universty of Pittsburgh Pittsburgh 13
Pennsylvania

We can well afford to marvel at the great variety of mechamisms which
nature has provided to permut the survival of viruses Their completely
obligate parasitism comphcates therr struggle for existence m passing from
one host to another and requires an almost unlmited multiphenty of patho-
genic )} As din p talks of this series their require
ments for nutnition their abihity to penetrate certamn cells and therr resist
ance or susceptibiity to the physical and chemical environment while not

pying an mtracellular position thus large vanety of patterns
which they as a group must employ to mamntain themselves In ths struggle
for survival h 18 11 duced the factor which has lkd

to their recognition  Undoubtedly there are many other viruses probably
those best adapted to survival which fail to produce pathology or do so
mfrequently thus they have not been recogmzed Fortunately under the
title Pathogenic Mechanisms those which produce no pathology need not
be 1ncluded

No attempt will be made to cover the plant viruses First prionty will be
given to human pathogens but where better examples are avatable 1 the
field of diseases of other ammals these will be referred to Emphasis will be
placed on mechanisms Examples will be restricted to one or a few for each
mechamsm For the sake of completeness we will nclude the psittacosis
lymphogranuloma group of agents closely related to though considered by
many not to be true viruses

We shall begin to trace the virus as it leaves the 1nfected host then con
sider how 1t 15 transferred to the next host and finally how 1t gans ad
mussion to that host Pathogeneus has been and will be discussed by others
so though equally important to complete the cycle no attempt will be made
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here to follow the agent from its entry 1n a new host to its point of departure
where we commence our discusston

Sites for Virus to Leave the Infected Host
In Table 1 have been tabulated a vanety of sites for virus to leave the
mfected host
Table I
SITES FOR VIRUS TO LPAVE THE INFECTED HOST

1 Excrenons or secretions from body orlfices or superfctal organs
A Oro-nasal onfices
1 Respiratory epithehum
2 Pharyngeal surface
3 Tongue snd buccal ulcerations
4 Salyary glands
B Anal onfice
€ Urethral onifice
D Vagmal onfice
E. Skin and mucous membrane

F  Eye
G Breast onfice

Covered sources not available at body surface or natural orifices
A Blood

B Ovary or utenme tube
C  Tumor

A very large number of viral agents leave the host through the oro-nasal
cavities The tnmediate source of the virus 1s extremely vaned and 1n some
mstances not well defined Several ccme directly from parasiized and
damaged cells of the resp The pathology they produce
there may greatly facilitate thcu' cxcreuon by such mechamtsms as cough
and coryza as i measles mfluenza and the common cold Others hke
poliomyelitis virus are present on the surface of the pharyngeal mucosa
possibly by centnfugal spread from nerve fibers but with no recogmzed
local pathology and are not usually aided mn leaving the body by the
presence of copious secretions coughing or sneczing Another group comes
from ulcerative lestons on the tongue or other areas of mucous membrane
m the mouth such as m foot and mouth disease vestcular stomatits and
probably 1n herpes and herpangma Still another group multiply in glandu
lar tissue of one or more of the salivary glands some with and some with
out cbvious pathology and are excreted mto the mouth from the gland
ducts These include mumps rabies and a vanety of other less well studied
mammalian viruses

Only a few years ago the number of viruses known to be excreted from
the gastro-intestinal tract was very hmited This 15 no longer the case and
undoubtedly many more viruses will be found From the number now
classed m the Coxsackie group 1t beg:ns to appear that the vanety of viruses
1 the gut might closely parallel the gram negative rods of the entenc group
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Pathogenic Mechamsms of Virus Diseases

W McD Hammon
Graduote School of Public Health University of Pittsburgh Pittsburgh 13
Pennsylvania

We can well afford to marvel at the great variety of mechamsms which
nature has provided to permut the survival of viruses Their completely
obligate parasitism compheates their struggle for existence 1n passing from
one host to another and requeres an almost unlimsted multsphcty of patho-
gentc h Asd d 1 p talks of this series therr require-
ments for nutnition their ability to penetrate certamn cells and their resist
ance or susceptibility to the physical and chemical environment while not

p an lar position this large vanety of patterns
which they as a group must employ to maintain themselves In thes struggle
for survival gy 15 1ly duced the factor which has led

to therr recogmition Undoubtedly there are many other viruses probably
those best adapted to survival which fail to produce pathology or do 50
mfrequently thus they have not been recogmzed Fortunately under the
utle Pathogenic Mechamsms those which produce no pathology need not
be included

No attempt will be made to cover the plant viruses First prionity will be
given to human pathogens but where better examples are available 1n the
field of diseases of other animals these will be referred to Emphasis will be
placed on mechamsms Examples will be restricted to one or a few for each
mechanism For the sake of completeness we will include the psittacosts
Iymphogranuloma group of agents closely related to though constdered by
many not to be true viruses

We shall begin to trace the virus as 1t leaves the infected host then con
sider how 1t 15 transferred to the next host and finally how 1t gams ad
misston to that host Pathogenesis has been and will be discussed by others
so though equally important to complete the cycle no attempt will be made
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equmne abortson and i lymphocytic chonomeningitis safection of mice
there 15 some evidence that Newcastle virus of chickens enters the egg pos
sibly from the owviduct or ovanes Dr Shope has told you of mnfluenza
infection of the lung worm withm the chest of swine and how 1t leaves the
host 1 the worm s ova—another unusual method of leaving the host s body
Myxomatosis virus appears to be available from the skin-covered tumor
tissue with access to biting insects These are aduquate examples of the
many sites and mechanisms by which a virus may leave the body of its host
en route to another

Mechamsms for Virus Transfer to New Host
At this posnt 1 the cycle of mfection another senes of mechamsms may
come 1nto play In some 15 extremely durect and
rapid while m other instances 1t 15 highly indirect and the time 1nterval
may be long Some of these means are presented m Table 2

Table 2
MECHANISMS FOR VIRLS TRANSFER TO NEW HOST

1 Drect

Droplets

Russing mose contact by animals
Canmibalism

Suckling at breast

Skin and mucous membrane contact
B te wound

Reproductive organs

T ommuow>

ES

H Indi ect
Air borse particles
Contamunated objects water and food
Attbropods
1 Mechamcal
7 Biologieal
Tnoculation by contam nated needle surgical mstrument of contaminated
medication
“Transfer of blood or blood product
Intermediate helminth

Ow>

ETU

Droplets 2s such probably convey infection to any sigmficant degree
ouly from the oro-nasal portal of exit and when ejected directly n cough
ing sneezang and speaking This mechanism serves only at very close range
and 1s probably of little comparative 1mportance only for those viruses
which cannot survive except for the briefest nterval outside of susceptible
cells or for those viruses which cannot withstand drying Poliomyelitis virus
18 one of those which cannot remam viable when dry Droplet camage
(moist medium) would thus appear to be more effective for this virus than
arr borne (dry) camage whether the latter was onginally from either throat
or fecal source
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Among other recognized human viruses excreted in the feces are polio-
myelitis and infectious hepatins The psittacosis agent also of importance
to man 1s exercted from the cloaca of birds Russian sprng summer en
cephalitis virus 1s excreted in the feces of 1ts normal rodent hosts It has
always been assumed that the viruses causing the common childhood dis-
eases (measles chicken pox mumps etc ) were not excreted i the feces
but I know of no evidence 1n support of such an assumption Remarkable
as 1t may scem the exact tissue sources or pathology associated with ex
cretion of known viruses from the atestines are sull varecognized In this
arca there remains much to be elucidated

From the urinary tract common examples are lymphocytic chonomemn
gitis virus 1n mice and man camne hepatitis and distemper 1 dogs and
several other species

From the vaginal onfice of women s excreted the agent of lymphogranu
loma verereum

From the skin are shed the many pox viruses the virus caustag wars
and that of mofluscum contagiosum and from the hoofs of cattle foot and
mouth disease virus External skin pathology 1s present tn cach recoguized
mstance  Sumlarly from lestons of the mucous membrane the virus of
herpes simplex venereal warts and others are spread also from areas of
recognized pathology

From the eye ples are trach and ep

From the mammary gland 1s recogmized the virus (mulk factor) active 1n
carcinoma of the breast 1 mice

We shall next consider a very large but vaned group of those viruses 10t
readily avalable at the surface of the body or excreted or secreted from
body onfices and therefore requiring special methods to be set free for
the infection to be spread From the blood are available yellow fever virus
the arthropod borne encephalitts viruses homologous serum jaundice varus
of man and a host of others Here agam we encounter a large number of
viruses present m this tissue n high titer but the onginal source of these
viruses the cells m which they plied and the p logy produced if
any remain to be determmred In fact n many we do not know whether
the viremua plays any essential part in pathogenesis or whether 1ts sole
function 1s that of serving as a source for an arthropod vector It has been
pointed out recently and we shall p hear about 1t quently that
poliomyelitis of man may have a viremic stage and 1t 1s postulated that
viremia 1s essentral to 1ts mvasion of the pervous system I would like to
pomnt out that viremua has been adequately estabhshed and studied 1
tensively 1 many of the other diseases m ammals and man yet 1ts role n
pathogenesis 15 usually expressed with uncertanty

Among those with an 1 visceral h of trans
fer 1t appears that small pox and measles may in some mstances have
trauterine access to the fetus a new host This also occurs 1 mfectious
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cretions are stll moist should be quite an effective mechamsm of transfer
In measles less complete experimental data on drying are available but
epdemiologic observation suggests that clothing and hands of parents and
doctors do not play an effective role as vehicles We conclude that the virus
does not survive drying for more than a brief aterval 1f at all Small pox
and distemper virus on the other hand should survive well and prove
fectious from dred secretions on contammated articles or 1 food Morst
fecal contanunation of articles and food i all probability plays an important

role m pol hitss spread 1 where there 15 a Jack of good
sapitary precautions in the care of fecal excretions
Afly cock or other may also effect mech carnage

from excreta on feet proboscis or more indirectly by passage through the
testinal tract in feces As far as can be determined no virus muluplication
occurs under such conditions The importance of mechamecal vectors 1s
difficult to evaluate

Many viruses are carned indirectly by means of a biting arthropod from
skin covered tissues This may be by simple mechantcal means e the
soiled probosais of a mosquito which has pierced a myxoma tumor 1 a
tabbit More fr this diate host has ptible cells which
serve to support virus growth and an extninsic incubation penod of several
days at least 1s requured before transmission can occur In no instance i the
field of animal viruses to my knowledge 1s there any reliable information
on the cells selected by the virus and pathology i the vector 1s unrecog
mzed though well searched for i some arthropods An important con
sideration during this period of development 1n the vector 1s the environ
mental temperature under which the infected arthropod remamns In the cold
the vector though mfected will fail to become infective while i high
summer temperatures and those of the tropres the conditions for virus mul
tiphcation are 1deal and within a week or less the vector becomes infective
At 15 prol and due to this
epidemics are unlikely to occur The source of infection for the biting
arthropod 15 usually blood

Mechancal carriage by a synnge needle a syninge full of blood or con
taminated surgical mstrument may replace the arthropod Homologous
serum Jaundice virus as far as has been determined 1s completely de
pendent upon such an artificial means of carniage A viremia of exceedingly
long duration appears to be one factor making this possible and great
stability of the orgamism mn withdrawn whole blood serum plasma and
certam fi p also ficantl
It would appear probable that mechanical transmission by biting 1nsects
must have played an mmportant role before the days when transfusions
blood counts and the use of blood products became commonplace 1o med:
cal and surgical practice
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A simple common mechamusm with advantages to delicate viruses st
lar to those of droplet spread and frequently of far greater importance 1
direct contact (1) with bips mouth or tongue of the infected host (2)
dircct contact of the nose with genitala and anus i canne hepatius (3)
skin contact 1n man for warts and molluscum contagtosum  (4) venereal
contact in lvmphogranuloma venereum and venercal warts and (5) can
mibalism or predanon among anmal species A simularly drrect mechanism
15 suckling at the breast to acquire the milk factor in mouse carcmoma A
bite 1s usually essenhal to carry rabies contamunated sahva effectively to
susceptible tissues

A placental break may also serve as a direct mechamsm of carnage of
certain viruses to the fetus 1n utero The method of transmussion from bird
to egg or tick to its eggs remains to be determined

Aur borne virus particles as droplet nuclet or on dust particles represent
ndirect or delayed transmusston The mumute dessicated particles may come
ongally from any of the sites of excretion previously discussed not just
from those of the respiratory tract In such diseases as measles and mnfuenza
they probably most frequently come from the respiratory tract In these
wnstances all epidenuologte evidence pomnts to the necessity of a very bref
time interval i the indirect exchange By contrast the air borne mechanism
may serve more effecttvely for the highly resistant pox viruses which have
been long n the dust after having fallen from the skm ongmally contamed
1 a scab or from other sources The psittacosis agent also able to eust
for more than the bnefest interval in the dned form frequently 15 blown
about i the arr by beating of the bird s wings The agent is present 2
wirulent form 1 the dried cloacal discharges settled on the perches and
the bottom of the cage and readily becomes air borne

More mdirect and effectise for short or long pertods of tume depending
on survival charactenstics of the agent s the contamunation of mammate
objects or fingers or of food or water It should be pomted out that m the

of food sub d are different than
1n many mnstances of bactertal contammnations and thus the mechamsm 15
much less effective for there can be no multiplication of the virus Living
susceptible cells are essential for any growth medum Contamination of
these many vehicles of infection may be gross or mucroscopic from excre
ons of nose or mouth from feces urme or secretrons of the eyes or skin
1t 1s believed that poltomyelitts measles chicken pox mumps infectious
hepatitis d X J} and a long bist of others
may be spread through such an indirect mechanism To evaluate the im
portance of the ume factor for each agent one must know about physical
and chemical conditions required for survival of the virus Laboratory et
dence indicates mactivation of poltomyeliis after drymg so micros.opic
dnied fecal contamnation would probably be harmless while gross mncous
of articles d by children while the ex

or salivary
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contarunated fingers lLinen and contaminated eye medications and instru
meats

The skin serving as a barrier to most viruses 15 nevertheless readdy
P h Iy adapted by some Skin contact of
a superficial wound may serve for the wart virts 4 superficial wound may
also sene for rabses virus in salva However a tooth bite wath salivary
contamination 1s mote frequently the effective mechanism in rabies trans
mssion In most 1nstances where shin penetration 1s requuired a biting
arthropod or synnge needle mmjects the wirus Surpnsingly enough the
speaific cells which are first invaded after moculation are still undetermined
for most diseases In work wath the pod borne wiral
we found that subcutaneous inocutation was as effective or more effective
than intravenous imjection even though viremua 1s the only demonstrable
sign of infection a few hours later

If tme pertitted we mught consder all these mechamsms m other ways
but with a few mnutes to spare 1 would bke to explore another mechanism
which interests me particularly at the present

‘What role may immumity acuve or passive play in the transmission
chaun? In other words if the exposed host 1s smmune what role if any mav
ke play as a camner? Two possibilities exist Fust an ymmune host may
completely resist reinfection and fatl even to get an immunotogrc boost from
the exposure Or he may be remfected and though remammng without
clinical disease as a result of his previously acquired immumity still serve
as a healthy carner

We feel quite certam that an individual with immunity acquired actively
resists remfection with measles and after an appropoate incubation penod
does not serve as & healthy carner The same appears ta be true for chicken
pox These conclusions have been drawn of necessity from epidemuologic
analysis not by laboratory tests It would also appear that passive um
munization for measl s of a nature adequate to prevent chmcal disease
also prevents mfection the carrer state and the development of active 1m
munity Thus we conclude that «n measles immune 1ndviduals do not serve
m a biologic role of healthy carners 1n an nfection ¢hain However the
evidence 1s quite strong to support the behef that passine prophylaxis 1n
reasonable dosage 1n infectious hepatitis does not prevent infection the
carner state and the development of active immumity even though climcal
disease 1s suppressed

In the field of the arthropod bomne wiruses there are some pertinent data
on possible rexnfection In yellow fever and most others these data indieate
that viremia does not reoccur in an tmmune mdwvidual as a result of a bite
by an infective vector Neither 1s a phenomenon parallel to that of Brlls
disease 1 qickettsial infections recognized with viremia recurring 1 an
immune host without recognized reexposure We have studied these phe
nomena with several of the arthropod borne encephalitis viruses 1 2 num
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Mechanism for Virus to Fater the New HHost

Qur final concern 1s that of the mechanism of entry mto the new host
(Table 3) In many instances this 1s obvious from the mechantsm of trans
fer but a varicty agam 1s encountered The natural body onfices play 20
mportant role

Table 3
SITES FOR VIRUS TO INTER THE NEW HOST
I Body orifices
A Nose
B Mouth
Il Superficial organs
A Eye
B Unbroken skin and mucous membrane

11 Subsurface tissues
A Wound
B Arthropod bite
C  Artifical injection

The nose may be a receptor for air borne and droplet carned virus par
ticles If susceptible cells are not present in the epsthelial inng of the n0s¢
however the virus may well be trapped here and never produce nfectson
Virus borne on dust particles stands small chance of passing this moist
labyrinthine barrier while much smaller particles (droplet nucler) are less
likely to impsnge and to fail to enter the pharynx bronch: or lungs where
susceptible tissue may be present The mouth therefore may sere as 2
more satisfactory portal of entry for both arr bome particlks and droplets
providing of course 1t 1s open durmg mspiration or at the approprate
moment to catch direct droplets Viruses entering the mouth 1 these man
ners depending on their tropisms may find susceptible cells i the mouth
the throat farther down the respiratory trec or farther down the gastro-
intestinal tract Those virus particles which are not directed to the cells
which they are capable of entering and which will support therr growth
remarmn meffective and have failed i their search for a new host

By the mouth enter also the viruses from many contammated vehicles
wncluding fingers toys water and food Here also 1s hip or tongue contact
from kissmg Here also enters the mouse mulk factor and the pigs
Ruenza virus within the earthworm and the lung worm Jarva This 15 2
route shared 1 by so called y and gast 1
viruses and 1n a number of we lack knowled; ding the cells
or organ where the penetration occurs For example m poliomyelis one
group believes the virus enters nerve fibers i the pharynx while others as
sume that 1t emplants 1n susceptible cells at the level of the intestme and

there 1mtrates multiplication
The eye may also serve as a portal of entry for droplets for viruses from
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apparently hold the view that P prevents 1{
for m a recent Tepont they caleniate mappatent infection rates in a cmid
population by excluding all persons with detectable antibody from the
population denominator

Thus problem has more than academic mterest at the present! If actively
acquired mmmunity prevents the carner state following exposure to virus
and f vaceination with mactive virus kading to antbodies of the same
level also prevents subscquent infection we ¢an reasonably expeet possibly
within the next decade almost complete interruption of the necessary
mechanism to maintan natural napp by p 1
wiruses At present thus mechanism cates for most of the needs for immumnty
m the adult population At a price of a few young children developng
climcal disease almost all older children and adults are immune probably
for the rest of their bves If we should ehiminate most child susceptibles
from the population by vaccmation and naturally acquired infection 1s thus
greatly reduced penodic vaccination may be required throughout hfe
Dangers of sensitization phenomena will be greatly increased and many may
fait to continue 1mmunization for many obvious reasons This could lead
ta occasonal senous outbreaks among adults However contmued vac
cination of an 1} chiid it h Ife will
not be required 1f active immunity does not prevent the carrer state as a
source of natural y more p As stated
before we hope to have at least a partial answer to this question from a
linear study of exposed immune individuals from the Philippie studies
In the meanwhile there are a number of epidemiologt ts who bheve that
epidemiologic observations give Teason to postulate that active immumty
will not necessanly mnterfere with reinfection the carrier state and a boost
10 existing mmmumty At present I consider this to be a very important
question

Tn conclusion 1t 1s readily appatent from this revew of a few highbghts
of various pithogemic mechanisms of virus diseses that although much of
a very useful nature 15 known about many of these diseases and their agents
knowledge of all the mechamsm involved 1n the total cycle 1s far from com
plete for most of them Some of these gaps m our knowledge may appear
relatively uumportant at present but it 1s my opimon that much of very
vital Temans to be d and every purt of the puzzle has
great importance I hope that thus review of some of the knowns and un
knowns as seen by an epiderniologist wall stimulate an interest and present
a challenge to some working on elosely related problems and that the
challenge will Jead 16 more answers
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ber of laboratory mammalian and natural avian hosts and have never
detected vireria (healthy carrier state) 1n any previously immune amimal,
Thus unless the g p a h supenior to those ordt
nanly used 1n the laboratory for separating any possible active virus from
an excess of antibody n the blood serum an immune host does not become
a virus carner 1n the group of arthropod borne viral diseases However
xeno-1solation needs further £ before this p 15 com
pletely ruled out for certamn hosts particularly the avian hosts m the
encephaliis virus group These hosts might serve as an overwntenng res
envour for the virus from which mosquetoes could liberate antibody bound
virus 1n the spring

For sometime we have been nterested in the possible carmer role of
tmmune persons 1n the eprd logy of poliomyelitis Possible reinf
of immunes was the subject of a paper we presented several years ago Re
infection and the healthy carner stite were postulated on the basis of
epidemiologic evidence principally on observations made among Guam
anin natives We revsoned that mn a small 1solated 1sland population with
antibody rates approactung 100 1n all over two years of age the virus
would disappear (and 1t obviously had not) unless immune hosts par
tierpated 1 the infectton chamn The agents producing measles mumps and
whooping cough could not survive 1 this same population group once they
immunized a high proportion of persons Other available data also Jlent
support to this concept of remfection among mmmunes though artificial
infection of laboratory ammmals did not More recently we have been at
tempting to determme the effect on mfectton of the extremely low antibody
levels resulting from an mnjection of gamma globulm Naturally exposed
gamma globulin mjected children were studied using smmlar gelatin m
jected children as controls Those studied became exposed m fanmbes where
cases were recognized These studies are still mcomplete but ndicate at
present that infection the camner state and actrve 1mmumization do fre
quently occur during a peniod when passive protection 1s at a level usually
adequate to prevent paralytic disease In fact the proportions of virus 1sola
tions 1n the two njected groups are 1dentical at the present time

‘What happens to the actively immune persen with a much higher antt
body level from a previous type specific mnfection 1s now the subject of 2
large Jongitudinal study underway at an air force base i the Philippines
After testing some portion of the 35 000 specimens beng collected we hope
to have a clear cut answer In feeding experiments with chimpanzees re
ported by other workers remnfection with homologous type of virus within
a limited perrod of time after the pnmary infection usually does not occur
In a recent report by Bodian on feeding large quantities of virus to two

p already p body from pi ‘d“‘ previous natura}
t app d that active acqurre P!

lrr:xe:f:;lci?onl wx:h a wirus of the homologous type Melmick and Ledmko
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apparently hold the view that fetely prevents
for w2 recent report they caleulate mappatent tafection rates w a child
population by excluding all pessons with detectable antibody from the
population denomnator

This problem has more than academie interest at the present! If actively
acquired immunity presents the carner state foliowing exposure o virus
and if vaccimation with mactne virus kading to antbodies of the same
Ievel alse prevents subsequent infection we can seasonably expect possibly
within the next decade almost complete snterruption o! me necessary
mechansm to mamtass natural
viruses At present this mechanism cares for most of the necds !or xmmumty
i the adult population At a pnce of a few young chidren developmg
<himical disease almost alf older chuidren and adults ace mmmune probably
for the est of thew lnes If we should eliunate most child susceptibles
from the populztion by vacaination and naturally acquired mfection 1s thus
preatly reduced perodic vaccmation may be required throughout fe
Dangers of sensitization phenomena will be greatly mereased and many may
fail to continue smmunszatson  for many obvious reasons This could Jead
to occassonal senous outbreaks among adults However contmwed vac

amation of an hatd p hie wilt
not be required 1f active immunity does not prevent the carrier state as &
source of natural y more o As stated

before we hope to have at least a partial answer to this question from a
lmear study of exposed mmmune wdividuals from the Phiippie studses
I the meanwhile there are a pumber of epidemiolagists who behieve that
epidemiologic observations give feason to postulate that sctive wmmumty
will not necessanly mterfere with remfection the casner state and a boost
1o existing mmumity At present 1 consider this to be a vexy unportant
queshon

In conclusian it 15 readily apparent from this review of a few highlights
of vanous pathogense mechanisms of virus diseases that although much of
avery useful pature 5s knowsn about many of these diseases ang their agents
knowledge of alf the mechamsm smvolved in the total cycle 1s far from com
plete for most of them Some of these gaps 1 our knowledge may appear
relavely wmportant at present but 1§ 15 my opimon that much of very
vitat sigmsficance semanns to be discovered and every part of the puzele has
Breat importance I hope that tius review of some of the knowns and un
knowns as seen by an epidemiologist will stumulate an interest and present
a challenge to some working on closely relsted problems and that the
challenee wsll Tead to more answers
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Pathogenesis of Vanola

A W Dowme and K McCorthy

Dep of I Liverpoo! U ¥ Liverpoo! Englond

Introduction

Smatlpox may be regarded as the classical type of the exanthematous
mfections It has a farly constant incubation peniod a well defined clnical
picture and because of its selatively high mortality sts morbid apatomy and
histology have been extensnvely studied

On the basis of chmeal and epidennological observations and studies on
post mortem material authonties suck as Councilman ? Ricketts and Byles®
and Paschen® cxpressed views on the pathogenesis of smalipot which more
recent work with mmproved faciities for imvestigation bave not greatly
modified

Because of the seventy of the disease 1t does not lend stself to study by
artificially induced infection 1n man as bas been done 1 the muider wfec
tions of murips measles and wituenza Indeed m England mtentional 1n
fectton of man with vanofa virus fas been iffegal since the practice of

was abolished 11 1840 although st seems that 1 was
recently and pechaps stdl 15 practiced m some parts of China 1? Howeser
the causal virus of smalipox can new be readsly ssolat~d and handied 1 the
taboratory and relatively simple tests are avadable for the assessment of
antibody The experimental study of pox diseases of ammals such as those
of Feaner on mousepot and myxomatosts (if thus latter be accepted as a
pot disease) has also provided useful hints on the probable course of
snfection of the human pox disease The views to be presented take account
of recent laboratory observatons on smalipox matenal and opn these ex
perimental studies 10 ansmals There are however gaps an the prcture which
still have to be filled m by guess work
194
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Clinieal Course of the Disease

May 1 remng you of the chincal course of the disease Tigure 1 shows
a temperature chart from one of the cases in the Glasgow outbreak of 1950

Lesions appear as macules m the skin about the third day of riness and
wath the desclopment of the eruption the temperature drops about the 4th
or <th day and the patent feels much better The extent of the secondary
nise of temperature vanes with the seventy of the case In fatal cases who
survive for ten to fourteen days os some do the secondary nse of tem
per.fure may be pronounced 1n mid r cases the sccondary temperatute
nse may be shght and @ many cases of vanofa aunor and vanola mayor 1a
vacerated persons may be absent

The Incubhation Pertod

Between the ume when infection s acquired and the onset of diness a
penod of 1014 usually 12 days elapses We have no knowledge of where
the virus 15 multipiymg, dunng ths pertiod The vitus probably enters the
ussues through the mucosa of the resptratory ract and although it has been
postulated that the virus mufuplies in a pnmary focus i the respiratory
mucosa there s no direqt evidence of this The histologicat study of the
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lungs 1n fulminating cases shows no such focus and the patients are not

f during the b persod Infected contacts have been al
lowed freedom of movement among therr fellows during their mcubation
pertod without spreading the discase  * So that 1f a primary focus 15 present
n the lungs or upper respiratory passages virus i1s not shed from it i
mfective amounts to the environment It 1s possible as has been suggested
by Fenner s experimental studies on mouse pox that the wirus passes from
the site of mtial todgement to lymph glands and after a short period of
multiplicatton there enters the blood stream from which 1t 1s quickly re
moved by phagocytic cells m Iner spleen bone marrow and other tissues
After a further period of growth m these cells the virus 15 liberated agam
mto the circulation at the end of the incubation period

Viraenua and Onset of Illness

Viracrma occurs 1n all cases at or just before the onset of tliness We
have made no exammations of blood for wirus from patients during the
ncubation peniod to determime the presence or absence of virus m the
penpheral crrculation at this tme  but observations on congemtally acquired
smallpox suggest that infection of the foetus 1 utero through the placental
carculation occurs about the time of onset of illness m the mother and
not before

Table 1

VARIGLA-~INTRAUTERINE INFECTION

Mother Infant
Days from onset il | Day of hife rash ap Onset of illness
ness to delivery peared mother to rash in baby
6 7 13 days Dixon
3 9 12 1948
7 6 12413 # Marsden and
7 6 1-13 Greenfield
5 8 12-13 1934

Table 1 shows data on a few cases taken from the papers of Dixon and
Marsden and Greenfield ” These were cases in whom 1llness began m the
mother before delivery and the rash appeared in the baby withm ten days
of birth so that infectton was almost certamly acqured by the mfant
wutero through the pl. 1 In the pov artificrally acquired
through the practice of variolation the mterval between moculation and
the development of the rash was 9-12 days If we allow a similar mterval
in these cases of congenital smallpox because of the route of infection—
an assumption perhaps not entirely justificd—then 1t 15 apparent that the
viraemia 1m the mother responsible for the wnfection of the baby i1 utero
was about the time of onset of the mother s 1illness and not before
As might be expected the degree and duration of the viracmia vartes with




ECOLOGY AND PATHOGENESIS 197

the seventy of the case We have made observations on this phase of in
fection by snoculating specimens of venous bloed on the chorio-allantois
of chick embryos The amount wnoculated from any one case has vaned
from about 0 2 ml to 0 6 m! of blood distnbuted among several eggs The
lesions which appear three days later on the chono-allantois are quite
typreal

Figure 2 shows the combined results obtained 1n Liverpool and Dr Mc
Callum s laboratory in London by this techmque *

In patients who did not die of their disease virus was 1solated only
four and in these on the first or second day of the disease In none of these
were there more than 100 egg infective doses of virus n 1 0 m! of blood
In some instances specimens were not moculated on eggs until 12 to 24
hours after the bloods had been withdrawn If larger volumes had been
cultivated without delay the proportton of positive solatrons would have
been higher

In cases which ultimately proved fatal 1t will be seen that wirus was
1solated from many more patients and that positive results were obtamed
later in the disease Moreover the amount of virus was greater and ranged
up to 10 000 infecttve doses m 1 0 ml of blood In some of these patents
antigen could be detected 1 the blood by complement fixation techmique *
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Even 1n sevefe cases the amount of virus 1n the blood tends to dunnish
after the first day of illness In three patients from whom three successive
daily samples were taken the amount of virus dimimshed from the first to
the third specimen

Lesions m the Skin and Mucous Membranes

The viraemia at the onset of 1llness leads to infection m the first place
of the capillary endothelium of the subeputhelial vessels The earlest change
to be seen histologically 15 the swelling of endothehial cells and a shight w
filtratton of mononuclear cells around these vessels In fulmmating cases
the destruction of vascular endothelium may result 1 the extensive haem
orrhage seen 1n cases of purpura varnolosa The macules wiich appear m the
skin on the thurd or fourth day of illness may be duc 1 part to infection
of vascular endothelrum or more hikely may be the early stage of the vasculat
reaction to infection of the epitheltal layers of the skin In any event by the
time macules are present considerable growth of virus has occurred 1 the
lower epithelial layers and scrapings of these macules show mnumerable
virus partrcles in stained smears At this ime because of the mpermeable
nature of the upper layers of the skin virus 1s not shed to the surface and
the skin lestons are not infectious 1 the average case Tlus does not apply

Fic 3 Sectton of skin from a case of haemorrhagte Smallpox 3 days
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however to the lesions 1n the mouth and pharynx When the skin rash 1s at
the macular stage lesions in the mucous membrane of the mouth are break
ng down and virus 15 present in the saliva We have not recovered virus
from the mouth before the skin eruption appears at this time the majonty
of patients become infective The early skin lesion s illustrated by Figures
3and4

‘These show sections from a man who died after three days illness and
showed numerous haemorrhages 1n the skin The typical focal rash was not
detectable on chintcal I h hage was ap-
parent from small vessels m the cutis and n the epithelium small compact
cytoplasmic mnclusions are to be seen 1n cells obviously showing cytoplasmic
degeneration In a nerghbounng area inclusion matenal was more plentiful
and filled the cytoplasm of ectodermal cells this 1s the appearance usually
seen 1 sections from patients who die at later stages of illness The nature
of such inclusion matenal 15 better shown 1n three day lesions on the chono-
allantoss of infected chick embryos In these sections the granular eosmo-
philic mnclusion matersal 1s almost certamnly composed of masses of vurus
particles

By the time the skin eruption has reached the vesicular stage or possibly

M -
i -
Fia 4 High power magnification of Figure 3 Note cytoplasmic tnclusions 1
lower epithelsal cells
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catlier, probably all cells to be destroyed by wirus have already been 1
fected The subseqr stages of pustul and crusting are evidence of
an mflammatory reaction 1o the necrosis of epithelial cells previously i
vaded by virus

Antibody Response
I mentioned carlier the fall of temperature and improvement 1 the chn
cal condition of the patient about the fourth or fifth day of illness This
Jes with the develop of antibody to the virus Indirect evidence
of antibody formation at this time 1s provided by the results of vaccmation
of smallpox cases duning the incubanon peniod and the carly days of 1l
ness Figure 5 shows the results of vaceination »n many bundreds of patents
tecorded by Ricketts® in vanola major and by Marsden® 1n vanola minor
There ts a sharp drop 1n the number of successful vaccinations from the
onset of 1ilness
Antubody may 1n fact be demonstrated 1n the serum of p:m:nu by several
techmques We have used the \i test the P fixation
test and antth h m the of over 100
sera from smalipox patents The neutralization test was made by woculat
g muxtures of sera and varsola virus suspension on the chorio-alfantors of
groups of chick embryos The percentage reduction 1n the number of fesions
as compared with control negative serum varus mixtures provides a sensiine
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methad for detecting munmmal amounts of antibody Neutralizimg antbody
can be detected before antthacmagglatsnem and this test appears to be a little
more sensitive than complement fixation In smallpax cases occurnng in

y d and 1n d persons the antibody response
1 these two groups differs both in tme ond degree  Figure 6 shows the
results of neutralization tests for antibody 1 unvaccinated patients duning
the first fourteen days of the disease With one exception no antibody was
detectable before the fifth day but after the fifth or sixth day most tests
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were positive (We have regarded 50% neutralization as our base line for
the method showed a vanation of 20-30% above and below the mean
when counts of repheate muxtures of the same serum and ddutions viras
were made on groups of eggs ) The one exception was a woman of 44
who showed neutralizing antibody on the second day of illness She had
a severe nfection and died on the fourteenth day She had no record of
having been vacemated and no vacaination scar could be found when she
wag examimed on admission to hospital
In patients who developed smallpox i spite of previous vaccination

usually many years before antibody was present eathier 1 the disease and
i greater amount (g 7) Antibody was detectable in most from the third
day onwards The three patients who died were all men over the age of 56
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who had not been vaccinated since childhood Figures 8 and 9 show the
findings on the same sera by complement fixation technique

Antibody was not detected by this techmique before the tenth day m
unvaccinated patients but was present by the 7th day in those who had been
previously vaccinated These results are combined 1n dragrammatic form 1o
Figure 10 which indicates the more rapid and greater response m the vac
cinated persons who developed smalipox

Antibody Formation 1n Relation to Progress of Disease

It would appear then that even i unvaccimated cases antibody can be
detected 1n the blood serum about the fifth day of iliness at a ume when
the chimical conditton of many patients improves In the previously vac
cmnated 1n whom the antibod: P to the dary sumulus of infec
tion 1s more rapid and greater improvement in the patients clinical con
ditton may continue with Iittle or no secondary fever the evolution of the
Iestons may be quicker than usual

In the recent smallpox outbreak 1n Yorkshire four cases were diagnosed
as variola sine eruptione Each had been successfully vaccinated some years
previously and later showed a good anttbody response to the smallpox 1
fection In such cases presumably virus growth proceeds to the viraemic
stage when antibody 1s present in the blood by neutralizing the virus anti
body p: f of skin epithel so that no skin eruption occurs

In the moderately severe and severe cases the progresston of the lesions
through the pustular stage may be associated with return of fever and de
terioration m the patient s conditron and 1n some of these death may occur
towards the end of the second week In most of these cases however the
spread of virus his probably been halted earlier at about the fifth or suth
day of illness and further infection of cells has not taken place The virus
already 1nside cells protected from the action of antibody will contmue fo
grow and produce cell necrosis The progress of the lesions through the
stage of pustulation and crusting 1s presumably the inflammatory response
to the products of cell destruction By the time antibody appears infection
of epithehal and other cells may have been so widespread that the con
sequent cell necrosts has senous effects even to the extent of leading to 2
fatal 1s! spite of the pi of antibody dary bacteral infec
tion may be of little importance We have rarely 1solated bacterta by blood
culture 1n smallpox patients and the use of anttbiotics has not greatly re
duced the mortality from variola major

In other diseases a sumilar state of affairs may eust 1n that the ap
pearance of antibody does not comcide with chinical recovery In expen
mental mumps Henle e af ¢ have shown that antibody may be present at
the onset of clinical p and mn p yelitis the app of
antibody i the blood may not prevent the development of severe paralysis

“Fwo patients whose sera contarned antibody on the second and third
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days of disease (Figs 6 and 7) died of their infection One unvaccinated
person already referred to died on the fourteenth day the other a man of
61 vaccmated m mfancy died on the fourth day of a severe purpuric form
of the disease Ome must suppose that 1n these patients there had been
extreme proliferation of virus with widespread mfection of cells before or at
the time of onset of iliness and before the appearance of antibody The
severity of the illness will on this view be deternuned largely by the progress
of infection up to the first or second day of 1llness
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DISCUSSION

Eco'ogy and Pathogenesis of Virns and Rickettsial Infections

DR SABIN (Moderator) I think that everyone here shares my own feeling
of ady m seeing 5o d and executed
2 series of fests as have been shown on these two lantern shdes Im sure
that we will be able to get more of the story that Dr kunkel has to tell
dunng discussion We must proceed now and ask Dr Winston Price to

speak on the subject ‘The Influence of Host and Environment on Rickett
Siag

DR PAUL Dr Shopes paper illustrates the fact that the modern micro-
biclogist does not spend all of us time 1 the laboratory but 15 allowed to
Put on fus boots or overshoes and £o nto the field 1 order to round out s
observations on infectious disease

In reference to Dr Audy s paper one mght call attention to its applica
tion not only to cleared forests but to areas where the forest and bush have
Tecently returned This happened i Korea during the recent war where m
1951-53 behund the stabilized front there was an area perhaps fifty miles



266 DYNAMICS OF VIRUS AND RICKETTSIAL INFLCTIONS

n depth which previously had been 1y cult d for This
was suddenly abandoned 10 1951 and as a resolt 2 completely changed
the ecology of the arca providing a new type of cover for bugs snsects and
rodents which probuably had its impact on the Jocal prevalence of certam
mucrobal diseases

bR sath L would like to comment on Dy Shope s very excellent presenta
uan thes mormng Dr Paul just sndreated that it would be qunte o onder to
put boots on and find out more about the ecologie aspects of disease 1
natuse There are some apents of disease that are pathogemc only for man
and reside 1 man as the exclusive reseevorr In the case of human nfleeaza
one wonders where the witus ts i imter epidemic persods over @ penod of
several years we attempted 10 search for this needle in a haystach First we
tried to reduce the size of the haystack by looking for the ageat where we
thought that st mught possibly be present Thys we &id by examming sputum
from patients who had pneumorua that was presumed to be and in fact was

bacteral preamonta We were able to find enidence for the existence of the
fluenza virus m a number of such patents even i an mnter epidemic
penod This has led us to make the suggestion that the provokng factor for
human wafluenza as Dr Shope has so admrably demonstrated for swine
wiluenza may well b a bacterial infection 1t may well be that the virss
eusts i some persoas tn a hon pathogense form and survives in this masked
form The agent under proper strwdatton may then emerge in a pathe

genie form to ¢ause discase to the patient himself and then may spread to
the test of the commumty

DR sapix Thank you I think one of the purposes of discussson s to have
stmulatng speculation or suggestions on the part of those whe are not
warkisg tn the immediate field 1 would like to tale advantage of the pres
ence of people warking in phage to get thesr comments on the masked form
of virus to which Dr Shope referred We naturally think of the sumdlar
tnteresting phencmena i brctena e g prophage ard lysagenesss Has any
one here among the b ph people been jated to make some
and that may help m our concepts of the
ature and form of the mashed virus® Do we have some comments on that?
Or have a1} the bacteniaphage people retired to see Detrow today Dr Her

shey

pr HERSHEY It say very much In fact T think st 15 100 soon to draw
analogies between masking as seen n smmal ard bactenal viruses Al we
phage people know about our own material i that there are several kinds
of masked bactenophage The most 1mportant of these are the vegertive
phage found {or rather rot found) duning the eclpse perod m the geawth
of virnlent phages the prophage that must be assumed to account for the
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Pperpetuation of virus in lysogemc bactena and the host induced modifica
tion of phages This last class 1s the newest one but different examples have
already been descnbed by Lurnia Weigle Bertam Krueger and Anderson
What one finds 15 that when a virus passes through a new host it may
emerge as a fully infective particle but showing a markedly narrower or
broader host range than 1t did after passage through the previous host Thss
effect 1s non hereditary all the particles liberated from a given host are
charactensuc of that virus growing m that host

Pethaps one more mstance of masking should be mentioned here (added
m proof) which I suspect may be closely related to the host mduced
modificauons Here the result 1s the same but the conditiomung factor 18 not
the host itself but the presence of a second virus in the host The effect of
the mixed nfectson 1s to cause nonhertable modificattons the host range
of both viruses Since the modifications are toward each other the phe
nomenon 1s called phenotypic mixing and one sees a vague clue to possible
mechanisms Streisinger has recently shown that both the host range and
tatl serotype of T2 and T4 are subject to phenotypic muang but that several
other characters by which these two viruses differ are not

DR WOOLLEY Perhaps smnce Dr Hershey s the only phagologist to re
spond I thought I would tell you something of the way a non phagologst
1s thinking about these things In the experiments we did with T2 bactenio
phage some four or five years ago 1t was found that if you take E coli B
and grow 1t 1n a medium contaming citrus pectin and nfect that medium
with T2 phage the bactenial organtsm grows very well and 1s not lysed In
fact 1t grows as well as if there were no phage there Sinularly the phage
810ws as well as 1f there were no pectin Here one has a sort of happy
commumuty of bacterum (E coli B) and phage 12 The thmg which
Preserves stability 1s the pectin Several other polysacchandes have been
shown to function simtlarly in this virus host commumty

The way T would argue from such a phenomenon of co-custence of virus
and bacterium s the following If normally E coh were producing some
Polysacchande ke citrus pectn 1t would get along perfecily well with
Phage T2 1f now through some low temperature or other msult to the
colt 1ts mechamsms for the production of adequate amounts of this poly
sacehande were interfered with then 1t would be destroyed by the phage
Teould not help but think of this when Dr Shope mentioned his expeniments
Witk pigs on the roof 1n the cold weather Perhaps the pigs ust farled to
make some polysacchande and the virus took over

DR Puck I would Iike to add to Dr Hershey s Iist additional parallels m
b Phage action to the of masked virus T4 and T6
Phages do not attach to their host cells unless the medium has the specific
molecule L~tryptophan present In the presence of this particular metabolite
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the phages are fully mvasive i its absence they are completely without
cffect on the host Another effect which has been described by Dr Sagik
working with Dr Luna s a masking of T2 phage by some molecular
components as yet umdentified which appear 10 ongmate from the host
cell materal Ttus imacuvating factor can cause the titer of an imtal Jysste
10 be depressed by a factar from 10 to 100 times of what it would be when
this matenial 15 removed The masking matenal can be removed by exposure
1o distilled water or by treatment with a negatvely charged surface hke 2
cationie exchanger These procedures ruse the uter by a hundred fold
Finally the ph of T3 s m which the phage can be
reversibly d by the p of an 1 of eer
tawn morganic cations may also at least formally be considered a reactivable
masking of the virus

DR sanin Apparently there 1re a number of thungs that mught be dore with
cercana and lung worms to try and bring out the masked virus Now this
does not conclude the discussion of this morming s papers because there

must be many q and directed to Dr hunkel
and Dr Price We shall have another discussion penod after the fast paper
and this mormng s wall have an opp 1o come back We

shall vat the mtermissson perrod by several mmutes

DR HORSFALL It has been 2 long ume since we here have had an op-
portumty to hear from Dr Downse I have been distressed to discoser that
this mormng he made no mention of the very unportant findings he has
uncarthed recently regarding vanola wirus [ speak of his ewdence that
vaniants can be derved from this agent I wonder of you would permut hun
to talk for a minute or tho on this important subject

DR DOWNIE I am very sorry ta disappoint Dr Horstall The v irants we
have been studymp recently are variants of cow pox virus—strams demed
from the natural disease of catile—and not vanants of vanota virus though
naturallv we have been looking at that with a view to finding the same kind
of vanant So far we can t say we ve had very much success

PR SABIN Would you while you have the microphont teff us what you
think alastnm 17

pr powNir  Although the diseases vanola major and mmor are clinnally
and epidemiotogially distinct alastrim virus so far as aur laboratory ob-
servations go s indishingmshable from the virus of vanola major We hase
exammned 1t in chick embryos and i ammals We have do‘nc extensive se
rologcal tests includmg cross by vanous and we
find no differences between the two So much so that when an outbreak of
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smallpox occurs s England we cannot telf by laboratory cxammation
whether ut 15 afastnm or vamola major That can only be determincd 1
think by the chmeal pieture and the subsequent course of the epidemic

DR sALK I would be mterested m heanng something about the vanants of
vacemntaf Dr Dowme would be willing to expand on that Dr Horsfall had
asked hum only sbout varsola

DR saepv Wil alf the speakers please hold theie questions and rephies We
will try 10 go around y Any more now please? We
will try fo have all the comments and the discussion Jater 1 would like to get
the questsons now first

DR SAMULL SASLAW (Ohio State University) I would file to direet this
question at Dr Hammon If we are gomg to consider pnmary atypical
PAcumonia as a virus discase has this disease disappeared femporanly or
1811 just a focal observation that we have made during the past three years
it has just teen extremely rare that we find it—can t demanstrate 1t to med
3l students-—does the varus barn stself out or 1s there a temporanly wm
mune k that will become or s this just
Tocal observation? I would ike to hear what s happerng country wide

bR I w czekaLowsk: {Unwv of Leeds England) [ would kke to ask
Professor Downie about bis view on the nature of reaction of hyperimmu
muzed indivduals after revacemation Some of our expenments catned out
fogether wath Dr € W Duxon {Dept of Preventne Med Unwversity of
Leedsy suggest that this reachon mght be of an ymmune nawre

DR CRssTINE £ Rice (Amsmal Discases Research Institute Department of
Agriculture Hull Que ) Iwould hike to ask Dr Dowme 1f he has used the
rdivect complement fixaton test utrating the antibody in these patients

¥ ask that because we have been dosng some work on the detectron of anti

body i foot and mouth diseass tn convaleseent cattle We find that five days
after he appearance of lesions the mhibitory actwity of this antbody has
been d d by mdsrect fixation test In the oceasional
Specimen we get antibody appeaning which cannot be detected by the direct
fest until about three weeks The majonty of these convalescent bovine
serims never show direct complement fixation activity but m @ group of
2bout 34 ansmals 1n 2 naturally mfected herd we found 30 developed strong
‘“h‘b““fy actvity 1ksow Dr Dowrmse has used the mduect test m studying
the actwity of the vaniants

PR Grsuera T would hike 1o ask Dr Hammon whether he has any evt
deace on the reststance to second attack of measles of in patients who have
had modified measles that ts measles modified by gamma globuln
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the phages are fully invasive in sts absence they are completely without
eflect on the host Anather effect which has been described by Dr Sagik
worhing with Dr Luria 15 4 masking of T2 phage by some molecular
components as yet unidentified which appear to ongnate from the host
cell mateniat This innctivating factor can cause the titer of an insual fysate
1o be depressed by 1 factor from 10 1o 100 times of what it would be when
this matertal s removed  The suasking matenal can be removed by exposure
1o distilled water ot by treatment with a negatively charged surface Iike a
cationic exchanger These proccdures raise the titer by a hundred fold
Funally the ph of Tt in which the phage can be
reversibly 1nactivated by the presence of an abnormal concentration of cer
tamn morganic ¢ations may also at luast formatly be considered a reavtivable
masking of the virus

DR S4By Apparently there are 1 number of things that might be done with
cercana and lung worms to try and bring out the masked virus Now this
does not conclude the discussion of this mornmg s papers because there
must be many £ g and directed to Dr hunkel
and Dr Price We shall bave another discussion persod after the last paper
and thts morning s contributors will have an opportumty to come back We
shall cut the wntermission penod by several minutes

DR HORSPALL It has been a long ume stnce we here have had an op-
porturuty to hear from Dr Downte I have been distressed to discover that
this mormng he made no mentton of the very 1mportant findings he has
unearthed recently regarding varola virus 1 speak of lus evidence that
vanants can be derived from this agent I wonder if you would permt hut
to talk for a minute or two on this important subject

pr powNiE { am very sorry to disappoint Dr Horsfall The varaats %¢
have been studying recently are vanants of cow pox virus—-stramns denved
from the natural diseasc of cattle~—and not vanants of vaniola virus though
naturally we have been looking at that with a view to fnding the same fond
of vanant So far we can t say we ve had verv much success

DR sABIN Would you while you have the ruerophone tell us what you
think alastaum 157

pr DowNIt Although the diseases vanola major and minor are climeally
and epidemologically distimet alastnm wirns so far 23 our Jaboratory ob-
servations go 1S ndsstinguishable from the virus of vanola major We have
exammned 1t 1n chick embryos and 1n animafs We have done extensive s¢
rological tests ding cross i by varions techniques and we
find no differences between the two S0 much so that when an outbreak of
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DR HammoN have no answer to that either I haven t been currently ob-
serving it

DR SaBiNv s there anybody here—Dr Loosli—would you comment on 1t
Pplease?

DR CLAYTON G LoosLI (Unnersity of Chicago) We too are seeing less
atypical pneumonia on our mfectious drsease service We saw several cases
however during the respiratory discase season last winter We havent en
countered any so far this fall

DR HORSFALL I think there 1s very little doubt that atypreal pneumonra has
gone through a cycle nsing n 1vadence from a low level mn about 1936
o a really high level particularly in the armed forces about 1940 Since
the war the incidence appears on a nation wide scale to have decreased
stnkingly and we hear from Califorma Chicago Balumore Boston and
New York City that few cases are now being seen

DR 348y How about an interpretation Do you have an interpretation of
this phenomenon?

DR HORSFALL N0 none at all But I think probably it 1s more apparent
than real and would wonder whether many patients were not treated at
home as general the disease 1s not severe and many would consider

that 1t didn ¢ require hospitalization The data we obtamn 15 largely from
hospatals

DR SABIN Any contrary interpretation that has a beanng on the problem
of ecology?

DR Sastaw When I first posed this question at some of our medical staff
mmectings T wnquired pretty thoroughly among all our mtermists m town
100 and they hadn t seen them at home erther So we are sull locking

PR siBN Since we still do not have a spectfic test to diagnose infection
with the virus of primary atypical pneumorua I think we probably cannot
Proceed much further Dr Audy do you have any comments or replies?

PR AUDY F should Like to comment on Dr Paul s remarks earbier this morn
198 m connection with the gradual restoration or near restoration of the
ongmal circumstances following the regrowth of cleared areas We have
expenimental evidence to support hus statements but ths 1s not the place 1o
Present 1t From what I know of Dr Pauls own wntings I would suggest
that he 15 Wwarnng us about the danger that confronts every epidemologist
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DR sABIN Thank you— Any other questions? I would like to direct a ques
tion to Dr kunkel He pointed with great emphasis to the fact that the aster
yellows virus cannot be transmitted manually except by grafting Then he
went on to tell us about the way the msect transmitted the disease I think
st would perhaps help us in our thinking if he could tell us what the msect
does to the leaf when it feeds on 1t 1e 1 a mechamcal way? Why do you
have to graft the virus when the 1nsect doesn t do 1t? T would also like to
direct a question to Dr Price Dr Price described most interesting observa
fions on the occurrence of so-called avirulent forms 1n rickettsiae m nature
and stated that one egg passage or 37° C for 72 hours could convert the
avirulent to the virulent The question 1s are there any data to suggest that
n the natural host these nckettsiae exist as a mixed microbial populatton
and that what happens m the one egg passage or at 37 C 1n the ongmal
host 1s an growth of one of the p ? Or 1s 1t an actual trans
formation of the pre existing avirulent ones?

DR ¢ H KEMPE (Unwversity of Califorma Medical School) Dr Dowme
pornts out that the virus 1s present massively i virema 1n fatal cases and
only rarely in non fatal cases Since the difference between the two 1s pre
sumably one of quantity and simce we know that the virus 1s largely present
1 the white blood cells would 1t not be more ntelligent 1n the future per
haps for all of us to try to 1solate the virus from non fatal cases by uswg
2 volume of buffy coat 01 ml of buffy coat rather than 01 ml of whole
blood 1n order to increase our chance since there 1s so little virus present 1
a non fatal case

DR HERBERT A WENNER (Umiversity of khansas) I would hike to ask Dr
Kunkel znother question sn regard to the yellows aster virus From his charts
I got the mpression that perhaps the survival rate 1 the leafhopper was
shorter after feeding for 14 days and I 2m a little curous to know whether
this virus has an effect on the nsect vector

PR $ABIN One more question—anyone? The question pertod 15 concluded
and with your permusston T would like to ask each of the speakers to reply
1 the order of their appearance on the program 1f possible within about
one minute 50 we can have five minutes left for mteresting speculations and
comments We will start with Dr Shope

pr sHOPE I am sorry I dont know the answer to the question that was
directed by Dr Saslaw T believe tome but I think that Dr Hammon could
answer 1t It the d of atypical

pr saBiN Dr Hammon would you answer the question about the mct
dence of atypical pneumoma?
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DR AUNKEL One might think so but that 1s not the case I would like to
poimt out that about a third of the well known plant virus diseases have not
and ap ly can not be d mech Iy except by grafung This
18 not an unusual phenomenon among the plant viruses

br PRICE In regard to the question of how we prepared our antigen—the
nckettstae were harvested from yolk sacs punfied by the centnfugation
adsorption and the albumin procedure of Bovarmuck and Muler and then
killed by the addition of formalin

Dr Sabwm asked whether the reacuvation phenomenon could be due to
selection This 1s of course an extremely importaat potnt We feel from the
following data that reactivation 1s not due to selectron

One lot of ticks was collected from one female and rased to nymphs
They were wnfected as nymphs with a virulent strain of R nckettsu When
they molted to adults they were put in the ice box If two adult D ander
som: are left m the 1ce box for a few months and made mto a suspension
and titered they may show 1 egg LDy, per 05 ml 05 ml gives mise to no
symptoms 1n gumea pigs and about 80% of the ammals are immune to
challenge wath 10 ID , of the virulent strain If two other ticks are taken
from the 1ce box and left for 12 hours at 37 C they st may titer only
1 egg LDsa per 05 ml but 05 ml of this suspension when njected into
gumea pigs results m typical virulent spotted fever If one assumes that re
acuvation ¢ due to a few virulent orgamsms being present wath many
avirulent ones and the virulent ones grow during the reactivation phenom
enon then the above two ticks must have contained at least 1 virulent nick
ettstae If now one takes a larger number of ticks from the ice box and
prepares a suspension so that 1t contams 300 egg LDso per 05 ml thers
should be at least 300 virulent orgamsms present Since at a maxtmum
you only need 100 organtsms to cause virclent spotted fever 05 ml of this
suspenston should cause a virulent spotted fever reaction in guimea pigs
Actually at the most the guinea prgs will show very slight fever for a few
days I mught add that sf only 5 egg LDs, of the virulent reacuvated nck
ettsiae which 1s equivalent to about 5 ID , for the gumea pig 15 added to
the suspension contamning 300 egg LD , of the avirulent phase the gminea
pigs come down with virulent spotted fever Observations hike these to-
gether with the fact that 1t 15 possible to obtain reactivation where no 1
crease 1n nckettsiae can be demonstrated although under these conditions
an increase of about three fold could be detected 1f 1t had occurred makes
us feel that the evidence at the present time best fits the hypothess that the
strams of R rickettsu we have wotked with can undergo a change to an
avirulent phase for the guinea pigs and under suitable conditions may then
become virulent agamn

1 would also like to make one further pomt about the multipheation of
the avirulent phase of R rickettsu prepared from refngerated ticks Al
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and especally every field worker that of seeing things only 1 2 cross
section Even when one works on a ficld problem for many years one 1s still
investigating only a cross section It 1s essential to think backwards and for
wards as well as sideways and to look upon the whole set up as a series of
space ume events The title of this symposium 1s salutary because 1t uses
the word Dynamics  our investigations too often give us static pictures and
1f we are not careful these give us static conceptions

DR KUNKEL In answer to the first question as to what the insect does 1t
sumply feeds It introduces its proboscis 1nto the tissues until 1t finds the
phloem of a fibro vascular bundic somewhere in a leaf There 1t feeds on the
Juices 1n the phloem which 1t regurgitates that s about all we know about
1t The nsects are greedy feeders they feed almost continuously during the
daylight hours—not at all at night and not very actively late 1n the afterroon
or early morning In regard to whether or not there 1s an affinity between vt

rus and msect we know very hittle We have been able to sec no marked ef

fect on the insect and the fact that those imnsects that feed for a long ttme on
diseased tissues on the whole hve a Lttle shorter life than those that feed
for a short time can be exp d 1n other ways Diseased plants have bac

terta and fungt on them and an mscct that feeds on such plants for a long time
gets some of these organisms or products from them at least In the diseased
plant some of the cells collapse and food matenals set free are fed on by
bacteria and fung! so it 1s very difficult to judge from the length of life of
the insect I think whather there 15 any 1ll effect from multiphcation of the
virus 1n the msect

DR SABIN While you still have the microphone Dr hunkel may I ask you
another question 1n view of your answer? Smce the msect apparently does
nothmg more than mntroduce the virns as by needle or by myection are
there any data to indicate that an extract of mfected nsects as well as ex

tract of ieaves cannot infect another plant by some procedure which would
stnulate the mjection of the insect Why the grafting? Is the virus m some
different form mn the mnsect?

DR RUNKEL We doubt that 1t 1s 1 any different form but apparently 1t 1s
1 a much higher concentration i the juices of the msect than 1t 15 11 the
yuices of the plant It 1s possible to pass thts virus from nsect to msect by
needle mmoculation It has been passed with great difficulty from plant to
msect by needle moculation but never from plant to plant or from msect 10
plant by needle moculation or in any other way that has been devised and
much effort has been spent on this

pr saBIN Concentration of virus would not explain 1t because if you could
make an extract of a suffictently large number of 1nsects you ought to be
able to transmut 1t by needle moculation of the plant
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talk about that All I can say 15 that there appears 1 our cowpox strams on
the chono allantots a white vanant which appears waith quite a ugh fre
quency The white variant 1snt as virulent for the chick embryo as the
normal haemorrhagic stramn and 1t has a much slower growth rate conse
quently 1t never replaces—at least st hasn t under these conditions replaced
—the more virulent parent strain

DR HAMMON My reply can be very bnief Dr Ginsberg asked 1 believe
whether I had any personal experience as to whether modified measles cases
were immune on subsequent exposure and I suppose he means those that
have been modified by gamma glabulin I have no personal observations on
that and I dont think Dr Ginsberg needs me to review the findings of
others
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though all to d Ttipl of these rick were

P
negative as reported n this paper there 1s some cvidence that these nck
ettstac may multiply to « slight extent If one compares the complement
fixation titers and toxm neutralzing titers of gunea pigs mjected with
equivalent doses of the avirulent phase and killed rickettsiae of the virulent
phase the moculation of the avirulent phase always results 1n hugher anti
body responses Whether this means that the ether and formahn which 15
used to prepare the killed vaccines partially mactivates some of the nck
ettsial proteins concerned m the formation of antibodies or whether 1t indi
cates multiplication of the avirulent phase 1s under study

DR DOWNIE I will try not to take too long sir Dr kempe s question with
regard to virus and blood cells We did 1n fact examine a good many of
these bloods by separating cells and serum 1n other instances we Iysed the
whole specimen and tested that In the first day or two there was httle or ™
no duff between the d of virus in serum and n the cells but
m one patient who had marked antibody on the third and died next day
there was quite a lot of virus n the blood but 1t was all present in the cellu
lar fraction according to our results But of course 1t was difficult to be
sure that antibody was not masking virus m the serum Then Dr Ruces
question We haven t been domg indirect complement fixation tests 1n ex
amunation of these human sera We used that technique a great deal n the
study of fowl sera because with these we couldnt do direct complement
fixation tests our experience with fowl sera comparing neutraltzing titers
and titers by mdirect complement fixation test did not suggest to us that
the ndirect complement fixation test would be more sensitive than the dicect
complement fixation fest on sera with which the direct test was possible
Then Dr Czekalowskis questton about the raprd disappearance of virus
from the vaccination site 1n revaccmated people we have made no observa
tions on this We do however revaccmate our staff every year or every
two yeats we have frequently titrated antibodies m our sera by neutraliza
tton tests on the choro allantors We have found marked nise i antibody
even though the take on revaccination may be shight with a very tiny lesion
vesicle just visible with a hand lens on the second or third day Then Dr
Bell s quest: b body and pubility to smallpox Im afraid
we made no diect abservations of this We have examuned a great many
sera of vaccmated people at different times after vaccination and as one
might expect the titres m individuals vary quite markedly Some show
anttbodtes 40 years after prmary vaccination as determined by the neutral
szation techmique but not by complement fixation other people m a few
years—ten or fifteen years—seem to have lost the neutralzing antibody
We made no direct observations on people who were going to get smallpox
because we don t know who these are

The vanant of cowpox virus—Im afraid 1t would take a long time to
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Mechanisms of Convalescent Immunity and
How It May Be Simulated*

Jonas E Saik
School of Medicine University of Pittsburgh Pittsburgh Pennsylvania

In the question of and how 1t may be
simulated 1t 1s clearly apparent that different mechanisms apply to the
different infectious diseases ncludmg those caused by wiruses It 1s the
purpose of this presentation to consider first the mechanisms of convalescent

y from the 1 P and then later to touch upon
the cellular and humoral phenomena 1n the individual

Epidemiologte Patterns of Disease

‘The foundatton for the present theme denives from an examtnation of the
epidemiologic patterns of different diseases In the first 4 figures these are
and show the n the indices of disease
and also mn the mdices of the state of resistance  over intervals of tune
for 4 different eprdemiologic patterns These are patterns of (1) a recurrent
epidenuc disease (2) an endemic disease with regular perodic eruptions 1
younger age groups (3) alow grade endemic disease that has within recent
tmes become a low grade epiderme disease and (4) a disease of low grade
endemcity that does not cause eprdemics
In these figures the index of occurrence of disease 15 1n terms of the
number or proportion of the population affected as manifested by overt
cases Since we are mterested not only in the disease itself and the reasons
for 1ts existence but even more 1n the state of resistance as these fluctuate
1 the course of time the actity of the disease 1s presented schematically

Stud es on poliomyelit s referred to were aided by grants from The Nat anal
Foundation for 1 fantile Pa alysis

Studies on influenza were conducted under the ausp ces of the Commis 1on on

Influsnza the A med Fo ces Epidemiolog cal Board and supported by The Office of
The S rgeon General Department of the Army
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and (2) why does not the enure population develop immunity to a disease
that recurs so frequently and (3) why do epidemmics occur Ve shall return
to these questions agam later

Anotber epid: l pattern 15 d i Figure 2 The example
1 mind when this chart was prepared was paralytic poliomyelitts In the
Untted States for example and m the Scandinavian Countnes and i many
others the transition of pohiomyehis from a low grade endemic disease to a
low grade epidemc disease has occurred refatively recently at some time 1
the past the state of of the was high butin
recent years this has been altered and epidemus now occur Agam there are
the mnteresting questions (1) as to where 18 the virus between epiderncs and
(2) the reason for eprdemics as well as (3) the reason for the state of
resistance

Another pattern (Figure 3) 15 suggested by the way m which measles
mantfests iself as an endemuc disease and 1ts tendency to recur quite regu
larly 1n large communittes 1n sharp eruptions chuefly affecting the younger
age groups Agam mamfestations of disease are indicated as the photo~
graphic posiuve  and resistance by the “photographic negative ™

Finally 1n Figure 4 there 1s the pattern of a disease of low-grade
endemtcity one that does not cause epidenucs There are numerous ex
amples of diseases of this kind such as mBuenza C Covwsackse infections

A LOW GRADE ENDEMIC DISEASE THAT HAS BECOME A
LOW GRADE EPIDEMIC DISEASE

INDEX
OF
OCCURRENCE
DISEASE.

This mght be
POLIOMYELTIS
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as the photographic positne and reststance as the photographic nega
tve Tt must be mentioned that the state of resistance of a population as
indscated by the proportion of persons who are not ill at any particular
time imcludes those who are (a) immune, (b) refractory (c) not exposed
(d) infected sub-cimeally The principal group with which we are con
cerned 1s that which 15 immune m the immunologic sense Since 1t 15
difficult to determine for some diseases at Jeast what fraction of the re
ststant population 1s resistant as a result of an earlter nfection and smce
this 1s an essential question with which we will deal later 1t 1s important to
mention 1n passing that this component will be segregated from the rest
later m this presentation

To begin this discussion let us consider Figure 1 which 1llustrates 2
recurrent epidenuc disease and the diustration 1s intended to pont up the
features of influenza A If the imtervals of wme are taken as one year i
would appear that epidemics that differ in itensity tend to recur at more or
less regular intervals This has been well documented 1n many reports The
questions that come to mind when one examnes both the upper and the
lower half of the figure are (1) where 1s the agent between epidemic pertods

EPIDEMIOLOGIC PATTERNS OF DISEASE AND OF IMMUNITY IN A
HYPOTHETICAL POPULATION
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A DISEASE THAT IS OF LOW GRADE ENDEMICITY AND
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of its wnmunclegs mstabelity smallpox s a disease that has been eradicated
from wide areas of the earth

Hosf parasite Relationships

Having considered the 4 patterns that have been presented Jet us now
took @t the viruses that cause these diseases The first question that mught
be ashed 15 refated to the residence of the virus or the form in whach it
ewsts n the mier-epidemic periods of even n endesuic periods  Without
gntermg anto a discussion concermnyg the nature of siruses and the thedren
catly different faems of their extstence v&  ncomplete forms or par
ually degraded forms let us use a general term to ndrate a quiescent
form by drawing upon the analogy with certam of the bactenal diseases
and m this eprdemiologie eonsderation wse the term  spore ke pha ¢ to
charactenze the quiescent state s the fe cycle of the virus If we assume
that such 2 state does eust and i we muke a furthes speculation that viruses
may be dvided wxto 2 ¢ategories~—mamely those that are able ta survive 1
4 spore Ike phase either sn {a} an smmune host or (b) oaly 1 a non
mmune host we may the types of l

3! patterns for
agents that can behate in eack way as o Figure 6
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ENDEMIC DISEASE WITH REGULAR PERIODIC ERUPTIONS IN
YOUNGER AGE GROUPS
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and many others This might well represent the pattern of the actvity of
agents that are not identified with an obvious disease this may be the way
n whrch a disease manifests atself that is caused by the agents that are said
tobe m search of a disease

In reflecting upon the differences in the epidemtologre patterns of dif
ferent diseases and of their associated 1mmumty 1t would seem that these
patterns may depend upon the nature of the host parasite relationship and
more specifically upon whether or not the agent can exist for longer or
shorter periods either in animmune host or only ina non immune host
This concept 1s tllustrated in Figure 5 where 1t may be seen that an immune
host 1s defined as one who possesses serum antibody and a non immune
host as one who does not possess demonstrable serum antibody Concern
1ng viruses that have man as the only reservoir a corollary of the foregoing
hypothesis 15 that the capacity to survive in an immune host indicates that
the virus has solved the problem of survival Viruses that cannot exist 1o an
jmmune host may either disappear from an immune population or 1f not
have survived because they have acquired some other means for so doing—
such as the capacity for immunologic vanability An dlustrative example
of a virus that can survive 1n the presence of antibody 15 the virus of herpes

simplex Influenza 1s an example of a virus that 1s able to survive because
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carly in Wfe under the protective influence of maternal antibody and
causes virtually no climcal disease but nevertheless as indicated by
immunologic studies a constantly high rate of mfection exists Thus it
would seem that the poliomyelitis virus must be able to survive 1n an immune
host or else the virus should have become extinct by virtue of the high pro-
portion of immunes Poliomyelitis can also mantfest itself 1n another way
as mndicated by the third example of a disease that can survive i an immune
host that 1s as a cause of low grade epidemics The virus may behave
this way 1f the population mfection rate 1s low thereby reducing the pos
sibility of infection early in hfe under the protecuve mfiuence of maternat
antibody (when 1t 1s present) thus leaving the potential susceptible to ac
quire his first response to infection when he might develop concomitant
paralysts
The other llustration of a virus that can  survive 1n an tmmune host
18 that of the virus of herpes simplex which may be regarded as the cause of
a low grade enderme disease Thus virus 1s constantly present wm the popula
tion as manifested by the frequency of herpetic ksions especially 1 certain
mdwiduals The circumstances sugeest that the virus exsts 1 a Jatent form
1n the same host for long periods of ume and that transformation from the
spore like or latent phase to the active form 1s the result of any of
a vanety of mfluences the mechamisms of which are not clearly understood
It would appear that viruses that are believed to survive 1n an immunte host
by and large constitute the group that cause the low grade endemic or low
grade epidemic problems whereas wiruses that are postulated 1o survive
only 1n a non immune host are responsible for the more prominent epideruc
diseases
The two examples selected of epidemic diseases are (1) measles with
regular periodicity and (2) snfluenza with an wrregular penodicity As for
measles 1t 15 dhfficult to decide whether or not this virus 15 a pure example
of an agent that can survive 1n a non tmmune host onl, or whether 1t may
perhaps belong 1n the category of agents that can survive m an immune
host But for the sake of the present discussion 1t 1s constdered 1n the cate
gory of those that survive only 1n non immunes As for influenza this virus
13 mcluded for reasons that will be elaborated upon shortly The other ex
ample of a virus that 13 postulated to survive only 1 a non immuse host 1s
that of smallpox It 1s thearetcally possible for the wirus of smallpox to
become extinct within 2 population as a result of its own actvity and would
then require that the agent be re introduced from without On the other
hand self-extinction or eradication seems not to occur either for poliomy
elitrs or herpes where the immune mechanism appears not to have eltmnated
these viruses from the populations 1n which they are active
In anticipatmg the later part of this discusston the conclusion that might
e drawn thus far 15 that viruses that can survive only 1 a non immune
host might conceivably become extinct or be eradicated by a world wide
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For viruses that can survive i an immune host 1t 1s possible that no
chnical disease will ever be evident or at least at such a low rate as 10
appear to be non existent But 1 actual fact a hugh rate of mfection does
ocmr particularly m the early years of hfe The example for this may be
p which m having a high rate of infection occurs
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HOST PARASITE RELATIONSHIP FOR VIRUSES
THAT CAN PARASITIZE ONLY A NON IMMUNE
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The host parasite relationstup for viruses that can parasitize only a
non mmune host 1s llustrated i Figure 8 Viruses of this kund are postu
lated to exist 1n a latent or resting phase duning which time they are not 2
source of infection for others Upon suitable sumulation these agents do
constitute a potential danger for the host and this 1s in contrast to the
absence of nsk to the parasitized host who possesses antibody as altustrated
n Figure 7

In illustrauing the sequence of events after the transformation of the
latent or resting phase 1nto an active phase by suitable sumulation where
upon there 1s a source of infection for the commumty I have in mind the
infloenza virus This agent may be transmitted to Suscepubles who are
infected briefly during which time they develop the disease and then sub
sequently 4 few may continue for longer or shorter periods of time as hosts
to an antigenic form possessing the antigenic components that may be the
cause of the next epiderme The mechamsm that 1s postulated 1s that ants
body to the predomunant antigenic component of the mfecting stramm will
neutrelize the antigemic constituents for which an adequate antigemc stimu
tus was induced by the infectious process but will allow certain vanants to
temam that may have been 1 the munonty and that possess the capacity to
exist in a latent or resting phase until some later time when under suitable
stmulation they may then emerge ¢s a cause of disease In a similar man
ner donng the penod of activity of the virus while 1t 1s causing wide spread
afection in the community it may be transmutted to persons who have some
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immunization program whereas viruses that are capable of surviving i an
immune host will 1n spite of immumzation continue to survive and all that
might be expected of immumzation 1s that it may be possible to control
those mamifestations of nf that are disturbing. h as the paralvtic
sequel of mfection with the poliomyehtis virus
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Let us examine further (Figure 7) the nature of the host parasite rela
tionship for viruses that are able to parasitize an immune host Durnng the
pertod when the virus exists 1n 4 latent or resting phase 1t 15 presumed to
be non transmissible and without danger to the host lumself That the latent
or resting phase virus 1s not transmisstble 1s mere speculation but that the
latent or resting phase virus 1s not of danger for the host 15 due to the
fact that the host already p to disease although he 1s
obviously not immune to infection  Switable stimulation (to be consid
ered Jater) will convert the latent or resting agent to the active form In the
active form 1t may then serve as a source of infection for the community
Under these circumstances the agent may be transmtted to susceptibles who
may then develop the disease and 1n an occastonal nstance such persons
may remain parasihized by ether latent or active virus for longer or shorter
pertods of tune and thereby mantam the cycle Alernatively the active
yirns which 1s the source of commumity infection may also be transttied
to immunes who themselves are resistant but who may develop a more of
less transtent parasiism and may transmut the disease either to new sus
ceptibles or to other fora of this
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degree of immunity and 1n whom the antigenic components for which they
possess antibody will be d Such mdividuals will then transmit or
retan 1n a latent form a virus population that may be the precursor of the
antigemc complex that will cause the next epidemic

This hypothesis may explain, perhaps the seemmgly rapid spread of i
fluenza virus infections throughout wide areas of the world within so short
a peniod of time as to make one wonder how 1t 1s posstble for an mfectious
disease to begmn 1n one locality and spread so quickly and so widely The
suggestion here 1s that the appearance of antigemcally similar forms of the
nfluenza virus in different parts of the world almost simultaneously repre
sents the operation of the exact same phenomenon at the termmation of the
epidernics that affect widely separated populations at the same tune or at
different times chronologically but at similar times 1n relation to the cychc
recurrence of the disease The common denomunators throughout are the
occurrence of an epidemic at some previous time and then the operation
simultaneously of similar factors that are responsible for conversion of the
latent or resting phase 1nto the active phase n corresponding geographic or
climatic regions This does not mean of course that the emergence of an
eprdemic 1n one part of the world may not serve as 2 focus of mfection for
spread to other parts of the world but 1s ntended merely to attempt to
explain the almost simultaneous occurrence or emergence of sumilar antt
gente forms 1 more than one focus at a ime Tt would serve to explain too
the major transf mthep logic form of the virus
of mnfluenza A such as occurred mn 1946-1947

To recapitulate 1t 15 interesting to note that agents that can successfully
survive 1n an mmmune host—that 1s 1 the presence of specific antibody—
are ones that are mmunologically stabile whereas viruses that are not
able to survive m an immune host must have some mechamsm other than
the capacity to exist 1n a latent form n order to survive The umque fea
ture of the human influenza viruses which appear able to survive by virtue
of their immunologic mstability 1s the reason why nfluenza sl continues
as a major problem among the uncontrolied diseases whereas an rmmuno
logrcally stabile virus such as variola can become extmct or can be eastly
controlled by immunization

Virus Factors

To complete the picture of the way m which the influenza viruses behave
there 1s llustrated mn Figure 9 a concept of the nature of this virus The
two essential features are (1) that a finite number of antigeme components
exist and (2) that these may interchange as the major or dommating con
stituent under a vanety of influences Figure 10 llustrates the manner 1
which the different p of a single type ma;
exchange places first in the forefront and then by virtue of the mcrez:lse
ymmunity mdex resulting from the activity of that component would tend to
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HYPOTHETICAL. REPRESENTATION OF SEASONAL EMERGENCE
OF PARALYTOGENIC VIRUS FROM IMMUNE CHILDREN OR
ADULTS PARASITIZED BY A NON INFECTIOUS FORM OF
THE POLIOMYELITIS VIRUS
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The emetgence in certatn seasons of a paralytogenic virus from children
or adults who may be parasitized by a non infectious form of the poliomy
elitis viros 1s described in Figure 12 In this hypothetical representation
persons with no antibody are 1llustrated by the open circles the sold sym
bols represent persons who have acquired antibody as a result of a previous
natural infection The irregular halo around the black symbols indicates
excretion of paralytogemc virus Thus duning the winter and early spnng
months 1n the upper regions of the temperate zone when paralytic poliomy
elitis 15 not occurring 10 2 major way the thought 1s that the agent may exist
1n a quiescent form in a few of the persons who were infected previously and
who have continued to be parasmized just as are those persons who harbor
the herpetic virus It 13 to be remembered that not all persons who were
once mfected with the herpes virus always develop lesions (at which time
they can serve as a source of infection to others) Simiarly the concept 1s
that not all persons previously mfected with the pohomyelstis virus will con
e to serve as a reservour for infection of others The minonty who con
stitute this reservorr would be sufficient for the seasonal nfluences to act
upon them and in the late summer or fall for them to serve as a source of
mfectton for others who may then acquire a silent ifection or a paralyzing
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be d all g another p to emerge The first may rc
emerge at a Jater time when the immune state of the population will allow
the earher antigeme form to re emerge

Having illustrated the way n which influenza virus activity may wax and
wane under external influences 1t 1s desired to illustrate hypotheucally the
way in which a virus that 1s capable of existing 1 a quiescent or latent form
m an immune host might behave First let us consider the factors or condt
tions that may influence conversion of a latent to an active virus these are
illustrated i Figure 11 Here 1t may be seen that seasonal factors play a
role such as the tendency for swine and human influenza to occur 1n the
winter ime for poltomyelus to occur 1 the summer time and for sun and
wind that are m some imstances associated with season to influence the
emergence of the herpetic lesion Then there are hormonal factors such as

those d with p that have an upon whether or not
poliomyehtis will or will not cause the paralyzing dxsease Then there are
age and factors that to p

and the seventy of the disease resulting therefrom There 1s lhc example of
bactenal nfection which can influence the conversion of the latent to the
active virus 1 e the appearance of herpes simplex accompanying memn

orp or typhoid fever and evt
dence has been uncovered to suggest that a bactenal infection of the lung
and possibly of the upper portions of the respiratory tract may perhaps
cause the influenza virus which may be present m the latent form to emerge
m an active form The latter 15 the converse of what 1s usually believed o
o ly that virus 1nf p bactenal infec
tions The concept here is that both may occur For completeness the posst
bility 15 ctted but there is no substantial evidence as yet that some other

virus may blish the pi d that may nfl the
emergence of another virus that exists in a latent form
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1n ife and most often will develop active immumty under the protective 1n
fluence of the d d passive Thus 1t would appear
that under natural circomstances where a high immunity sndex exsts
pohiomyelitis does not eliminate itself by creatg a highly :mmune popula
tion on the contrary 1t tends to perpetuate 1tself much more readily under
such conditions
In the upper night hand portion of Figure 13 1s illustrated schematcally
the situation that exists 1n populations in which parajytic poliomyelitis has
become a low grade epidemic disease This appears to be the result of the
separation of the host and the parastte and perhaps 1s due to the improved
hygienic conditions that keep the virus from infecting not only the new
members of the populanon but the older ones as well Nevertheless under
these circumstances there exists at all times a much higher proporton of
susceptibles immunologically speaking and therefore when contact1s made
with the pohomyelstis virus there 1s a greater opportunity for the occurrence
of the paralytic form of the disease
These two have imp m regard to
the question as to how poliomyelitis might possibly be controlled by 1m
munologic means If one were to consider the use of 3 hving virus prepara
tion to be fed to indivaduals 1n a population 1n which a hugh proportion of
children young adults and adults do not possess anubody then one would
be increasimg artificially the chances for contracting infectton 1f 1t 1s assumed
that the virus that 1s fed would spread from person to person If the agent
used in this way 1s certamn tobe  fixed as a non paralytic agent there would
be no danger and this could solve the problem of artificial immumization
However a question that will have to be answered 1s whether or not the path
whereby either under natural or under laboratory circumstances relatively
avirulent agents develop 1s a  one way or a two-way street
In the lower half of Figure 13 s iliustrated the proportion of immunes
with advancing age for a disease such as influenza A that tends to occur 1n
epidemic form every two years with sporadic cases 1n between epidemics
Tt 15 clear from this that 1n due course all or almost all indviduals become
infected and within a relatively short ime this agent which 13 unable to
parasitize 1n the presence of specific antibody has a reduced opportunity to
spread On the other hand another antigemic vartety of the same immu
nologic type but one that has not been responsible for epidemucs for many
years will find a fertle field at all ace levels The reason for this 1s based
upon himited opportumty for immunization agunst the new  vanety which
may have ested alt along as a minor component of the previously prevalent
wirus this opportunity would have been had only by individuals in the older
age groups who mav have experienced one or more nfections with the
viruses that possessed this minor component

Thus 1t would scem that the concentration of convalescent 1mmunes
would 1nflucnce the I3 and 1n

PP y for ol
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INFLUENCE. OF CONCENTRATION OF CONVALESCENT IMMUNES"
UPON THE EPIDEMIOLOGIC CHARACTERISTICS OF CERTAIN
VIRUS DISEASES
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nfection and n esther wnstance serve to enlarge the reservoir that mam
tains the infection i the commumity The next dlustration (Frgure 13)
shows the nfluence that the concentration of convalescent immunes has

upon the epids I 1stics of p yelitis 1f the h
that has just been described 15 operative
of C of C upon the
Emdemrologic Charactenistics of Certain Virus Diseases
Figure 13 shows sch the 1 status of indwviduals at
different ages for a virus such as poliomyelitis that may parasitize even 1n
the p of specific b In pop n which p fitis 15
end that 1s to say a popul. 1n which the 1 disease occurs

quite infrequently 1t has been reported by many observers that the immunity
that exists in the adult appears to be associated with the presence of serum
antibody Under these body can be p: ly transferred
to the new born umformly If a high rate of mfection exsts and the
hygienic conditions are such that the host and parasite exist i mumate
relationshup then a hugh proportion of the young will become nfected early
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fluenza 1n different ways n one case a high concentration of convalescent
immunes would help to serve to mamtain the agent m the population and
the other would help to suppress 1t and force the emergence of an antigenic
relative
Methods for Simulating the Conval I State

Having discussed the ways 1n which convalescent immunity influences the
behavior of certam of the virus diseases at least from the epidemiologic
viewpont let us now consider how convalescent immumty may inftuence the
occurrence of infection or disease 1n the individual This 1s summanzed m
Figure 14 where 1t may be seen that the presence of antibody resulting from

MECHANISM OF CONVALESCENT IMMUNITY
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the convalescent immune state may prevent both mfection and disease Antt
body on the other hand may prevent disease but may not prevent the
of The 1 1mmune state may allow antibody

to be recalled quickly enough to prevent the mamifestations of disease for
the second time and 1 some instances the antibody which 1s not able to
prevent the establishment of infection may hmut the spread of infection

1f we consider that the convalescent smmune state 1s mediated by humorat
factors (1e antibody) and that the convalescent immune state may be
simulated as illustrated 1 Figure 14 by (1) inducing and maintatnmg antr
body formation or (2) by priming the immunologic mechanisms to respond
quickly upon subsequent natural exposure then these can be achieved 1n one
of two ways as 1lustrated i Figures 15 and 16

Figure 15 how may be d by artt
ficral mfection with non pathogentc viruses In keeping with the classification
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Another way of simulating convalescent immumty 1s by tmducmg active
with a non nf virus prep For the of this

approach due consideration must be given to all factors both qualitative
and quantitative that are important for inducing development and persist
ence of antibody formation It 1s theoretically possible to exploit the factors
Iisted 10 Figure 16 for application to poliomyelitis 1n a way that has been
found successful for the control of certain of the bactenal diseases particu
Tarly those due to the effect of exo toxins and also certamn of the viral and
nickettsial diseases that have been brought under partial or complete control
by this means

The general of with non infs agents require
that there be (1) a sufficient antigenic mass (2) a suitable method for
destroying the nfectrity or toxicity of the antigen (3) the availability of
the antigen 1n a relatively pure form so as to avoid the interfering effect of
extrancous antigens and 1t 1s necessary to employ (4) the booster phenom
enon and/or (5) 4 esther for adeq pnmary 1m
munization or for long term effects It 1s desired to illustrate how this
approach 1s bemg used n studies directed toward the development of
methods for preventing influenza and pohomyeltis The approach to the
solutton of both of these diseases 1s similar i some respects however
because of the special problem posed by each and because of the probable
exstence of a different mechamsm for the long term mamtenance of 1m
munity 1n each 1t 1s necessary to dlustrate them separately

Immumzation aganst Influenza

Because of the (1) immunologic complexity of the influenza viruses and
(2) the need for erecting a solid barner agamst all immunologic vaneties
that have occurred n the past and (3) the need for adding those that may
occur m the future (assumung that a finite number of antigenic varleties
eust) ameans has to be developed that will perrmt the mclusion 1n a single
moculum of a sufficient antigenic mass for each component without becom
1ng 1nvolved 1 too concentrated a virus preparation that might be toxie or
without reducing the antigenic mass to levels that would be mnadequate A
further requirement for rmmunization against mfluenza 1s the production of
antibody to a level that would be adequate to overflow into the superficial
secretions of the respiratory tract to permst the prevention of mvaston of the
susceptible respiratory epithelum The need for this exists because the 1n
fecting agent m this disease comes into contact with the susceptible cell
without being transported through the blood stream where antibody 1s
present Another spectal feature of influenza 13 the short incubation penod
which would preclude re infection acting as a booster stmulus after basic
mmumzation which for some diseases 1s all that 15 required to fortify an
immune effect that requires antibody for its mediation Therefore it be
comes necessary to employ techniques that would raise antibody titers to
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SIMULATION OF CONVALESCENT IMMUNITY
By
INDUGING ACTIVE IMMUNITY WITH KILLED VIRUS

Due Consideration Must Be Given To All Foctors
Both Qualtatwe and Quanitotve That Are
Important For Inducing Development And
Persistence of Antibody Formotion
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developed earlier we will consider first agents that can parasitize only
the nonmmune host The use of non pathogemic viruses for the control
of yellow fever and for the control of smallpox has been possible because the
non pathogenic variants of the natural disease producing agents appear to be

fixed from the viewpoint of pathogentcity and these agents also appear to
be immunologically stabile thus the muit: potentiahty for the emergence of
different immunologic forms as mn the case of the influenza viruses appear
nottoapply As for nfluenza which is not stabile immunologically it would
require that nfection be induced with many stramns and there 1s the poss:
bility because of the nature of the orgamsm that before immunmity 1s com
plete for the entire spectrum vartants might anse which would be difficult
to control except 1n strictly isolated communittes

For the virus that can parasitize an immune host such an agent could

be considered safe if it were fixed n terms of the loss of its disease pro
ducing powers and if 1t were immunologreally stabile If the agent 1s not

fixed 1n the pathogemc sense there 1s the possibility that 1t may give nise
to a pathogemc form i the first host immediately and then pass to another
or 1t may parastuze the first host without producing disease and emerge
later n 2 path form when are suitable Even though
assurance 15 not had that the non pathogemc form 1s permanently fixed
1t 1s possible that admimstration of the virus by injection rather than by
feeding which might be done for poliomyelitis smght not result 1n excre
tion Under such circumstances 1t would be necessary merely to bring forth
evidence to mdicate that there 1s no danger to the host admumstration of the
virus 1 a way that would avoid excretion and snfection of others would
elimmnate any concern about the redevelopment of a pathogenic form upon

human passage This of course 1s entirely hypothetical and 15 presented

merely to all possibilities whereby 1 may be

lated by artificial with a non pathogemc virus
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GEOVETRIC MEAN ANTIBOOY TTTERS AT INTERVALS UP TO TWO YEARS AFTER WACCINATION
WITH INFLUENZA VIRUS VACONE IN SALINE OR EMULSIFIED WITH MINERAL OIL
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to high levels and then persist for reasonably long penods of time As for
the duration of effect the degree of persistence of antibody over a 2 year
penod 1s Mlustrated m Figure 18 The subjects mvolved 1n this study are
to be observed for a number of years
Among the questtons that stidl need to be resolved fully n the applica
uon of this method of immumzanon are those concerned with the local
cel]ulax response accompanying the injection of a mineral o1l emulsion and
d with It appears that netther will be of
chmca\ sigmficance but only by further study can this be established with
certamty Inoculatons of such vaccine have been given to more than 30 000
subjects and studies are bemg continued with further refinements of emul
sifying agents and of mneral oils and of the aqueous comporent of such
vaceines

agamst Poliomyeht

In considering the matter of immumization agamnst poltomyeltis there
are two major differences between this disease and influenza One 15 the
Iikehhood that for the most part this virus may pass through the blood
stream before gaining aceess to the central nervous system therefore Jow
lexels of antibody might be effective in p g the paralytic
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sufficientlv ngh levels and for it 10 be mantained above a entical threshold
for lonx, periods of time Wath these prerequisites vanious means have been
explored and the most efficient and effective means that has been found for
mducing antibody formation 15 through the use of immunologic adjuvasts
of the water m-ou type of Freund

The problem here 15 to develop a chmeally acceprable combmnanon of
reagents that are included in the adjuvant mixture Toward this end studies
have been 1 progress for several years and 1t now appears that the goalis
beng approached To illnstrate the way m which the efficiensy of the autt
bodv inducing effect has been enhanced data are presented 1 Frgure 17 10
show the relationship between antibody level anduced and the guantty of
virus incorporated 1n an aqueons vacane as compared with vacane made
with the mineral oif emuision It 1s clearly evident from these data that by
2 proper selection of dose of each anbgeme component and proper com
bination of those that are adequate as far as antigemc capacity IS conceraed
as well as antigemc coverage 1t should be possible 1o prepare n 2 single
woculurm 2 suficiently potent antgen that will ctuse actbody ta be ratsed

ANTIBODY RESPONSE TO DIMINISMING QUANTITIES OF INFLUENZA
VIRUS VACGINE EMULSIFIED WITH MINERAL Oll. OR IN SAURE

Groups of oppeox motely 50 young odults
Voceine conio ned equat part of PR Cuppett and Lee ond was
dlted before emulsficonon

32X
% ° I3
¥ AR ot e son
§‘3 33 t s o8
o
¥
£
~ o 8x
i
B
ue
Ex
Py ax
g8
5%
é 2x:
L}
o
LEVEL
©w w2 s W0 ac
=20 CCA DNYS PEN DOSE
0‘6 oz 008 o007 aoo” 00002
VOUUME IN ML EQUIVALENT TO STANDARD AGUEDUS WALCNE

Fig 17



MECHANISMS OF IMMUNITY 41
of this infection Another 1s the probability that the
peniod for poliomyelitis 15 longer that that for influenza thereby allowing
the possibility that mfection may permt the booster effect to operate thus
augmenting whatever antibody may be present in the serum from a previous
immunologic experience and to do so before the central nervous system 1s
nvaded Ths p 1S mere sp but theless 1s posed as a
question that can be approached experrmentally If i1t can be venfied 1t
would provide an indicatton as to what right be expected if 1t were possible
to 1mtrate antibody formation or merely to alter the immunologic mecha
nism so that even f persistence of antibody 1s not demonstrated following
artificial immunization with a so-called killed vaccine that the primary
stumulation may act as a conditioning stimulus

The use of the term anamnestic reaction or recall reaction 1 de
scribing the P with booster
brings to mund the word memory It was for this reason that the chart 1n
Figure 19 was prepared to suggest the analogy between the mechamism of
convalescent immumity with that of memory and that both are a condition
g process The chart s self y and that this 15 oper
ative for poliomyehtis as 1t 15 for other immunologic systems 1s 1llustrated 1n
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If 1n more extensive studies under way this is further substantiated then
1t may not be necessary 1o have 1o resort 1o measures requnng the use of
immunologic adjuvants for the control of pohomyelstis The proper adjust
ment of dosage ustny, virus produced efficiently and rendered non infectious
1n as gentle a manner as possible may well provide the means for inducing
the levels of antibody required Further studies will indicate the way

which the booster ph may be employed most

Concluding Remarhs

It has been the purpose of this presemauon to dlustrate 1n a somewhat
schematic fashion the of for a vartety
of diseases and to derive therefrom clues as to how certain of the infectious
diseases that are still important public health problems may be controlled
The whereby may be it for n
fluenza and poliomyelitis by non infectious vaccines has been discussed in
detait Many hypothencal questions have been raised and answers to these
will be had 1 investigations still to be performed Nevertheless the direction
of these studies and the theoretical basis for the approach to the solution of
the remaing problems n the control of certan of the infectious diseases
have been presented
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Figures 20 21 22 Here 1t may be seen that m persons who have had 2 pre
vious immunologic experience with the types 1 2 or 3 poliomyelitis virus
and m whom this experience was had as a result of an earlier non paralytic

fi with a non inf vaceme evokes a sharp nise 1t
antibody to levels beyond that observed before vaccination On the other
hand n persons who before vaccmnation have no antibody whatever either
for any type or merely for the respective types and in the latter nstance
such individuals there may have been antbody for one or both of the other
types that the primary stimulation raised antibody trters to lower Jevels than
was observed 1n persons who have had a prior immunologre experience The
question that remains 1s to determne whether or not persons 11 whom antt
body was mitiated artificially by means of a non infectious vaccine will ata
later date behave 1n the same manner as did persons n whom the first
stumulus was m the course of natural nfection If that 1s the case then it
would appear that a stmple means s at hand for raising antibody titers to
high levels where they should be maintained for substantial periods of time
and more than that be easily recalled by later famt stimulation This has
already been shown 1 just a few human subjects and in large numbers of
expenmental ammals

TYPE 3 POLIOMYELITIS ANTIBODY RESPONSE
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resembles closely the course of the nfection 1n human beings with certain
exceptions For studies 1n which large numbers of ammals are necessary
this species 1s used tnstead of the clumpanzee with due reservations regard
1ng the carrying over of mterpretayons to the human drsease
According to the schema illustrated 1 Flgum 1 the disease 15 pictured
as a sequence of stages of virus here 1 the
y tract ding to organs and m some instances
spreading to the central nervous system (CNS) That virus multiphes
the alimentary tract and m the CNS 1s well known and its ability to reach
Iymphatic organs 1s beyond dispute since virus has been found repeatedly
1m the blood stream of children during the presymptomatic period by Horst
mann® and by us The fact that virus can reach lymphatic organs by way
of the blood of course does not constitute evidence for virus muluplication
m such tissues Such multiplication 15 however strongly suggested by the
recovery of virus from lymph nodes 1 both fatal human cases and 1 para
Iysed experimental anmmals after virus feeding when serum antibody 13
already present*3$ Another reason for including these tissues in the
schema 1s to ensure that an effort 15 made to establish that multiplication 1s
responsible for the presence of virus m lymphatic organs rather than passive
of virus It 1s that hyperp changes
have been described 1n lymphatic organs of autopsy cases for many years 7
and recently m a large sentes of cases by Sommers Wilson and Hartman
at the Henry Ford Hospital ® The significance of such findungs has been 1n
dispute throughout the years and careful virus studies of these tissues would
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Sites of Immune Barners in Poliomyelitis*

David Bodian
Poliomyeliis Laboratory D of ] The Johns Hopkins

University Baltimore Md

The problems of immune barriers 1n virus nfections are of course closely

hinked to 1 of pathog pecially the sites of virus multiphca
tion and the patt of virus d m the host knowledge of
both of these aspects of the pathogenesis of poliomyelttts as weil as of mech
antsms of induced 15 plete so that our di will neces
sarily have to fill in gaps of information with the less substantial structure
of speculation

Smce certam types of mformation are not easily obtamed from human
mfections Dr Howard Howe and I m 1939 adopted an anthropord ape
the chimpanzee as an experimental model which might resemble the buman
bemng sufficently to make possible useful compansons of basic infection
processes Although the chumpanzee 1s at times an uncongenial collaborator
each year has strengthened our admuration for 1ts abihity thusfar to do more
than most models are expected to do namely to resemble the subject bemg
modeled 1n every measurable way After virus feeding the observable phe
nomena of mfection i chimpanzees such as fecal virus excretron yremua
serum antibody response chmcal course and pathologic changes are J¢
markably sumilar to the events of the natural infection m paralytic and it
abortive human cases Moreover the finding of viremia 2nd of a sharp antt
body nise as regular events of the p p pen hump
led us to seek and to find the same phenomena mn household contacts of
paralytic human cases ? The developments of recent years moreover have
also indicated that certamn ron anthropoid p the Igus mon
keys are also very useful models for study of the pathogenests of polio-
myehtis After virus feeding 1n this species the course of the nfection also

'« Arded by 2 grant from the National Foundation for Infantile Paralysis Inc
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Table 2

EXPERIMENTS SHOWING DIRECT PENETRATION OF NERYOUS SYSTEM OF CYNOMOLGUS
MONKEYS BY VIRLS FROM BLOODSTREAM

Ingcudaron inta
Inoculation mto oculatuon &
Heartwith f ml ¥ srus-contamt
Exp No of Mahoney nated needle
Y (Undiluted
(Und 1010-) it
Groups Paraiytic Ratios fne Periods Paralyt ¢ Ratios
Virus alone 6/1 3810101212
9 16 52 0/5
Virus& rt calf 91
njections 7777810111213
Virus alone 5710 8991137
3353 /s
Virut &1t calf 16,20 88888889
mnjections 1010101012 11 13 14
TOTAL 36754 0/10

matched with groups 10 which only a hypodermic needle was thrust mto the
heart after 1ts surface was dipped into undilvted vires suspension Tt 1s clear
that virus of d by the needle was not
responsible for the infections in the groups inoculated 1nto the blood stream
The median mncubation period 1n cynomolgus monkeys with this virus 1s
about 8 to 9 days after 1l and after
noculation but 1s 13 days by intramuscular moculation and 12 days after
virus feeding Virus therefore would seem to enter the CNS almost imme
diately from the blood stream since the incubation peniod by that route 15
almost as short as after durect bral 1 but derabl,
shorter than aftet virus feeding or ntramuscylar moculation
In addition to the demonstrated ability of the wirus under expenmental
condutions to travel to the CNS by way of the blood stream or by a direct
neural route as after intranasal moculations  there 1s now strong evidence
that a combination of these routes may be mvolved under spectal circum
stances 1 both experrmental amimals and 1n human beings When viremuia
1s induced 1n monkeys by int i il of Mahoney
virus and concomitantly an intramuscular 1njection 1s gwen 1 the nght calf
muscles with gelaun or with other matenals including buffered saline 1t
can be shown as we previously reported 1° that the paralyhe rate 15 1
creased and localzaton of mtial paralysis 1s reversed from preferential
arm paralysis to preferential leg paralysts especially m the night leg Table 3
gives some of the evidence which establishes the realty of the provoking
Pphenomenon under these conditions It should be kept in mind that the two
essential expenmental conditions namely virernta and ntramuscular m
Jection prevail m epiderme areas when mntramuscular wjections of perueslhin




246 DYNAMICS OF VIRUS AND RICKETTSIAL INFECTIONS

appear to be more hopeful for yielding convincing evidence of virus mult
plication

Our schema 15 also speculative as regards the exact pathway of virus dis
semination from peripheral sites of multiplication to the CNS The neces
sarily indirect evidence on this pont has been reviewed before? 1 and would
require too much time for presentation here The evidence 1s clear enough
1n the expenimental animal and 1n human beings that poliomyelitis virus has
the ability to enter the blood stream as well as to travel along nerve fibers
Which pathway to the CNS 1 actually utilized 1n human 1nfections 1s 1ot
known It may be worth a few moments to present new evidence on this
point In expeniments with the Mahoney strain 1t was found that paralytic
nfection could be produced by intravascular moculation of monkeys m
dulutions equal to or higher than those capable of mfection by the mtracere
bral route Table 1 shows compansons of titrations by various routes of 1n

Table 1

TITRATION OF MAHONEY TISSUE CULTURE VIRUS BY VARIOUS ROUTES IN CYNOMOLGUS
MONKEYS (POOL TC 2 FROM MONKEY TESTIS)

Route of Inoculation ¥ irus dilutions Unoculum = 1 .ml')
Endgoints
Undiluted 10~ 10— 10— 10- 10— Approximale
PDS0 MID

Tissue culture of monkey
kidney 44%1 48| 18] 0810 10-

Intrathalamie—cynomolgus$ 45t[35 o505 |o/s |0~ 10
Intramuscular-cynomolgus 25 (35 1/5 [ 1,5 1/5 [0 10~
Intravascular—cynomolgus 6/13 |57 [1/7 | 35|15 10— 10~ or
Intravascular~rhesus 3/5 2/5 | 1,5 | 0741 2,5 10- 10~ o

Intravascular—cynomolgus
(Cortisone njection calf
muscles) 1313 |47 |57 [ 5] oss 10~ 10-
¥ Tafected cultures/moculated cultures
4 Paralysed ammals/moculated ammals
¢,§u cynomolgus monkeys were of Macaca wus group from Cebu Philippine
Istands

oculation which indicate that this virulent stram 1s capable of mitiating CNS
1nfections from the blood 1n high dilution Even wath Jarge amounts of virus
however the paralytic rate 1 many experiments has never exceeded 60%
unless concurrent it of non viral Is were gtven
It would appear that 1n this spectes the penetration of virus into the CNS
from the blood stream wherever 1t occurs 1s hmited not only by virus con
tion but by as yet unk I factors in the host

Table 2 presents data which support the 1dea that virus introduced 1mto
the blood stream actually invades the CNS by way of blood vessels In two
experiments ErOUps moculated 1nto the heart with 1 ml of virus were
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CNS fiction 't The usc of passive antibody climmates the intrusion of
other immune phenomena wiich for example might play a part 1 actively
ymmunized animals The efficacy of low scrum antibody levels fits the hy
pothesis of virus invasion from the blood stream after virus feeding Theo-
retically Jow serum anuibody fevels would also b sufficient to preveut the
shuntng of virus from blood to nerve fibers W 1nstances where CNS nva
sion mught be induced by mtramuscular injecttons of non viral materials
Ewidence for the level of antbody required to prevent invasion along
nerves 15 1nad Morgan s d that active agarnst
(tracercbral challenge 1s correlated with high secum antibody levels did
a0t throw much light on this point although 1t indicated an important role
for serum antibody previously doubted by many 2 First of all the sntra
cerebral route 15 extremely artifictal and secondly Morgans challenge
doses of virus were very hugh I should Like to present briefly two sets of my
own experiments which test the role of passive serum antibody 1 preventing
smfection by neural routes when the virus 1s introduced peripherally rather
than 1n the CNS In one set of expeniments the challenge dose was given by
a known neural route namely intranasally m rhesus monkeys This chal
Jenge 1s non traumatic Table 4 shows the results of intranasal challenge
with a small dose 1 rhesus monkeys which had a moderate level of passive
serum anhibody (1 1n 100) It 1s clear that after access to the nervous sys
tem s gained at the time of fever the passive antibody fails to influence
the course of the infection as 1s well known from earlier work The 1mplt

Table 4

THE EFFECT OF PASSIVE AXIS AND DML ON PARALYTIC
RATE AND SEVERITY AFTER INTRANASAL [NOCULATION IN RHESUS MONKEYS (10 p050)

Summary of 3 Fxperimentyt

Incubanon Period
Paralyse  Prost atng

Groups Rato*  Paralyss  Fever Days Mean
77788899
Controls 16718 12/16 17/18  $910101011 1INP 89
Treated on 1st
day of fever 576 5/6 5/6 899910 920
TOTAL 24724 17/24 22724

Treated 1 br or
4 brs before
1noculation 512 . 11/12 910101112 104
* Gamma globulm pven miramuscutatly m dose of 10 ml per Xiogram m a)

treated amimals Brunfulde virus used for moculation on 2 successive days total of
Il of 17 suspension with mtranasal tter of 10~  and mtracerebral tier of

¥ Modified from Table 1%

# Negative ammals had no lesions 1n olfactos

potiomyelrtss ry bulbs One aaimal bad non paralytic
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Table 3

INCREASED PARALYTIC RATE AND SELECTIVE LOCALIZATION OF PARALYSIS AFTER O
COMITANT INTRAVASCULAR INOCULATION® AND GELATIN INJECTION IN RIGHT CALF
MUSCLES

Total of all Gelaun

Expts Final Experunent
Im! 157 Procaine
Paralytic Incidence | Controls Imectedt [Controls  gelatin 05 ml Pemcithn
Ratio 43/97 70/99 5/12 8/10 11
Per Cent 44 69 41 80 91
Localization of Imtal
Paralysts (st day)
Rt leg alone 4743 370 | o5 6/8 311
Both legs alone 8/43 18/70 1/5 1/8 im
Total 12/43 49/70 1/5 7/8 8/11
Per Cent 28 70 20 a8 73

*With 1 ml 10- Mahoney Tissue Culture Virus
+89 recetved 4 ml 15% gelatin

or of other matenals are bemg given Although there 1s no direct proof

jable 1t seems that 1n where paralysts 1s the result
of intramuscular mjections  the virus 1s shunted from myured blood vessels
to myured nerve fibers 1n the myected muscle This 15 partrcylarly ndicated
stnce the localization of mrtial paralysis to the mjected Iimb 1s charactenstic
of neural spread as seen for example after direct moculation mto the
sciatic nerve We are testing this assumption more directly i experiments
now m progress

Immune Barriers and Virus Dissemination m the Host

In considering the problem of immune barners I shall Iimit the discussion
to mechamsms of mduced immumty and also shall deal separately with
barriers to virus pathways in the body and barrers to virus multiphcation
In with virus d; the role of circulating antibody 15
of course paramount especially the role it may play i blocking the path
way of virus to the central nervous system From the foregomng discnssion
of pathogenesis 1t appears that the job expected of immune barners i
preventng virus from reaching the CNS depends on the hypothesis selected
as deseribing the route from the penphery The efficiency of crrculating
antibody as a barrer could concervably depend on the route of the virus 1
passage from the penphery to the CNS Some evidence 1s avaslable i one
of our expenmental models for the Jevel of serum antibody which 1s effec
tive 1n producing a bamner between the peniphery and the CNS Last year
I described virms feeding exp m keys in which
sery low levels of passtve anttbody were shown to be capable of preventing
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muscular mjections of gelatn a proved provokimg agent under certan
expenimental condations 1f 1t should be shown that gamma globulin 1s truly
effectuve prophylactically for several weeks 1 the small doses employed 1n
the human field tnals this effect would have been achieved with levels of
passive serum antibody not detectable or barely detectable by our present
methods

Our chimpanzee experiments also suggest that serum antibody may 1m
pose barrers not only to CNS invasion by virus from the pnmary phase n
the alimentary tract but also to invasion of antibody forming organs by
such virus The evidence however 1s indirect and I present it as an mn
tngumg problem which deserves further study As a result of mfection after
wirus feedng 1n chumpanzees '® mn cynomolgus monkeys ' or n human
infections serum antibody rises sharply after the stage of viremia and
approaches or reaches peak levels before the onset of paralyss as a rule
The height of the antibody nse and its ime course are 1dentical 1n para
Iytic humans and 1n chimpanzees as well as in abortive cases i both
species 1in whom viremna has previously occurred (Figure 2 and Table 5)
The sharp antibody nise 15 also observed in asymptomatic infections i the
chimpanzee 1n which 1t can be proved that CNS virus invasion has not

Componison of Antibody Response of

Aborhive Poliomyeliis Cases and of

Chimpanzees after Virus Feeding in
Relahion to Time of Viremia
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cation 1s plain that dissemination along nerve fibers within the CNS and
across synaptic yunctions 1s hittle 1f at all affected by this level of cireulating
antibody Moreover although there 1s a clear mdication of protection when
the antibody 1s present before inoculation the protection 1s not sold
although the serum antibody level 1s about 100 tumes greater than n the
virus feeding experiments previously mentioned In these expertments the
virus 1s placed directly on nerve cells m the surface layer of the olfactory
mucosa It can be argued alternatively erther that the failure of complete
protection 1s due to the fact that nerve cells are directly exposed unlike any
other anatomical situation 1n the body or that the evidence of partial pro
tection suggests an 1mperfect antibody barrer Concervably this barrer 1s
produced by the excretion of passive antibody m the nasal secretions com
parable to that d d by Bell in pharyngeal 1S Atany
rate it 1s farr to ash whether as much antrbody 1s required 1t other situa
tions where virus conceivably may have to traverse antibody-contamning
tissue flmds before gaining access to nerve fibers Entirely satisfactory evi

dence 1s not available but some suggestive 1deas on this pomt may be gamed
from a second set of experiments on passive protection agamnst penipheral
neural moculation In these previously published expersments the challenge
was given intramuscularly m the calf in thesus monkeys with viruses which
regularly produce inttial paralysis 1 the correspondmg leg ** This route
mvolves some trauma and the localization of inttial paralysis smphies that
the virus gans the CNS along peripheral nerves from the inoculated muscle
It was observed that a ligh degree of protection was obtamed with a serum
anttbody level of only 1 tn 32 when approxumately 1 wtramusculas PD50
was employed However since 1 mtramuscular PD50 represents 100 000
mtracerebral doses 1t can hardly be argued that not enough virus was used

Moreover when the passive antibody level was allowed to fall over a perod
of 3 weeks resulting i a barely detectable serum antibody level some pro

tection stll appeared to be conferred agawmst a symlar mtramuscular chal

lenge Although these results suggest that even access to peripheral nerve
fibers may be barred by low levels of antibody the artificiality of the route
of moculation unfortunately prolibits a close companson with the oral
route of infection After virus feeding for example the degree of prumary
vtrus multiplication m the alimentary tract may affect the abdity of circu

lating anttbody to bar access to nerve fibers In summary the evidence does
not permit a precise statement regarding the site where serum antibody
prevents access of virus to the CNS after experimental virus feedmng but
such access 1s prevented by low levels of crrculating antibody It had been

hoped that evidence would be available from the study by Hammon and
us colleagues regarding the role of very low passive antibody levels pro-
duced by gamma globuln mjecttons m preventmg CNS mvasion m human

bengs *5 It 15 plam from the evidence I mentioned earlier however that
therr results require confirmation stnce therr control groups received intra
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SERUM ANTIBODIES IN CHIMPANZEES AFTER FEEDING WITH
WALLINGFORD POLIOMYELITIS VIRUS {TYPE2)
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FEECING AFTER VIRUS FEEDING

Fio 3 Expeniments discussed on page 252 and described 1n detail 1n reference 17

tion wherever it may be mn the alimentary tract #t1s clear for example that
m anmals recovered from a pnmary mfection reinfection as evidenced by
fecal virus excretion 1s usually prevented after challenge with the same
virus or a homotypic virus 1 ¢ The presence of active serum antibody
levels of about 1 1n 100 to 1 m 500 does not seem to be responsible since
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Table 5

TYPE | SERUM ANTIBODY AND VIREMIA IN HOUSEHOLD CHILD CONTACTS (1-13 ¥&s)
OF PARALYTIC POLIOMYELITIS CASES*

Converters

Antibody— | No antibody— | Lscaped
Immunes | lstbleeding | Ilst bleeding | infection [TOTAL

Serum Antibody—

Ist bleedingt >110 14t0150 | <14 <14
Serum Antibody—

1mo later >110 [1200t01300] >1100 [ <14
NUMBER 63 7 12 1 8
% of TOTAL 759 84 15 12
‘Virepua at st

bleeding 0 0 5 0 5
¢ with Virema 42 6

* Rochester Minn  and Baltimore-—1952 %

T Within 7 days of onset of index case

occurred ** This establishes that the sharp early antibody rise 1s not the
result of virus muluplication 1n the CNS It must be the result of virus
multiphcation 1n the altmentary tract or of virus multspltcation or absorp
tron in the secondanly mvaded Iymphatic tissues or of both However
moderate levels of passive antibody which have no effect on fecal vius
excretion ihibit the sharp early nise as shown i Figure 3, whereas low
passive anttbody levels exther do not mhibit 1t or do so but shghtly ¥ An
attractive but unproved interpretation of thus finding 1s that a moderate
level of antibody (1 1n 100) prevents all virus spread to Iymphatic organs
whether by the blood or by lymph vessels and that the slow antibody 11s¢
seen with such levels 1s due solely to antibody f 1n the alimentary
wall atself and posstbly in lymphatee tissue theren The low passive anit
body level (1 1n32) however clearly 1s sufficient to bar virus from the
blood stream and yet does not quite prevent the sharp early active antibody
mise One may postulate that wath such low levels virus may still escape
from the alimentary wall to regional lymph nodes by way of the lymphatics
but cannot reach a lymphatic organ such as the spleen because of the antt
body barrter 1n the blood stream According to this view the high early
antibody nise may be due to antibody formation in the regronal lymph nodes
alone or 1n such structures actng 1n concert with the spleen bone marrow
or other lymphatic structures accesstble via the blood stream

Immune Barriers at Sifes of Virus Multipltcation
Finally, 1t 1s necessary to consider those immune factors which act locally
at the sites of virus multiphcation and which have not been shown to be
assoctated with circulating antibody In the prmary site of virus multipleca
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symptoms but 1t 15 not clear whether this drop 1n titer occurs mtracellularly
or 15 the result of neutralization of intraceltular virus by local antibody dur
1ng the process of preparation of the spinal cord suspension Figure 4 shows
that the great accumulation of lymphocytes n the tissue which occurs with
some virus strains dunng convalescence could well be the source of at Jeast
some of the anubody 1 the CNS 1n this penod The apparent rapid subsid
ence of mfection in the CNS 15 in strking contrast to the longer duration
of mnfection 1 the lower alimentary tract resulting in fecal virus excretion
for a pertod of weeks or longer As I menttoned earlier the course of the
1nfection 1n nerther site appears to be mfluenced by passive circulating anti
body Since the exact site of virus multipheation is not known 1n the lower
almentary tract 1t 1s not possible to say whether this prolonged tnfection
process 1s correlated with the absence of an inflammatory process such as
occurs 1 the convalescent as well as the acute stage of infection 1n the CNS
Thus the d local to of the y
tract and of the CNS remains wide open for further nvestigation  Although
their mechanisms are unknown 1t 1s mteresting that only a few years ago
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Fic 4 Rhesus B 190 35 days after onset of paralysis showg massive pers
vascular lymphocytic mfiltrations contaming germinal” centers 1n one anterror
horn The other anterior horn bas largely recovered from the infection and con
tans only negligible residual ghal changes The magnitude of the lymphocytic

response varies with different virus strams  Gallocyaam stam X 25
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passive serum antibody levels of the same magnttude do not appear to have
the shghtest effect on fecal virus excretion Yet these levels of antibody are
100-fold greater than those which appear readily to prevent spread from
the alimentary phase to the neural phase 17 The resistance to altmentary
remfection 1s highly type spectfic which suggests a role for local antibody
It 1s perststent for months after the apparent cessatton of fecal wirus excre
tion which posstbly throws some doubt on the potential role of virus tter
ference Beyond this the phenomenon has not had extended analysis

Ithough the role of al y mf m 1n the human
population makes 1t very important to know the effect of vanous degrees
of partial y on ptibidity to all f

Interestingly enough the problem of remfection 1n the CNS has a number
of analogies with the problem of remfection m the almentary tract A hgh
degree of type specific 15 prodaced by paralytic imnfe resulting
from 1ntracerebral challenge 2t yet the serum antibody level may be ex
tremely low after paralysis due to mtracerebral moculation as shown by
several g 1 23 An add I fact which speaks agawst a2y
role of serum antibody 1 this type of immunity 1s that a surprsing degree
of cross or heterotypic immumity occurs after paralytic mfection Although
this cross tmmunity 1s observable as a reduction of the expected paralytic
rate and of seventy of paralysis after challenge of convalescents with an
other virus type the degree of protection of this kind 15 considerably less
than the almost absolute resistance aganst homotypic chalfenge Yet whea
vaccinated ammals with high serum antibody levels are challenged with
heterotypic viruses very little or no protection ts usually observed *

‘The local immuntty of the previously mfected CNS 1s therefore unrelated
to crrculating antibody but httle more can be sard about 1ts ongin Locally
formed antibody hardly seems to be the whole story smce 1t does not €x
plam the heterotypsc tmmuruty and sice the levels of antibody 1 the CNS
observed by Morgan were later shown by her to be largely accountable fof
by of g antibody rather than by local formation *
The failure of Sabin and Stergman to confirm Morgan s finding with Type 1
stramns of recent ongin has not been explamed ® The difference 1n theit
results could concetvably be due to difference in the duration of persistence
of different virus stramns m the CNS or to the great varuation of the lym
phocytic response after mfection with different varus strains This response
may be prodigious i some cases or relatively slight m others and 1t would
be surpnising if this variation were not correlated with local accumulation of
formatton of antibody

The problem 15 open whether such Iocally formed antibody could ac
count m part for the rapid substdence of mfection m the CNS 1n some
imstances perhaps by preventing spread of virus from nerve cell to nerve
cell It 15 clear with Lansmg virus mfections mn the monkey that demon
strable virus m the spinal cord falls exponentrally after the second day of
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some of us at least dered this type of to rep the central
problem of immune barriers n poltomyelitis Now it 1s clear that circulating
antibody 1s a potent force to be reckoned with and theoretically could be
the entical factor m overall immunity to poliomyehtis Only time and con
clusive field tests of the efficacy of low levels of serum antibody mnduced by
passive or active with nactive vaccmes ¢an
give us the answer M this answer should perchance be in the negative we
may still have to fall back upon the local immune barriers mduced by
active immunszatron with hve viruses

Table 6

SITES OF IMMUNE ACTION IN NATURAL POLIOMYELITIS INFECTION OR AFTER VIRLS
FEEDING IN CHIMPANZEES AND CYNOMOLGUS MONKEYS

Acnon_of Local In
Action of Pre Evustng  mune Factors Induced
Sites of Antibody Formation Serum Antibody by Prior Infection

Moderate levels (1 100)
ALIMENTARY MUCH —
IMENTAR anlE{!o(?ySAr: do not prevent ifecton | Inhibits reifection of

of lower alimentary tract { alimentary tract by
Sponse (Poor 86¢ess 10 CIF | Effect of hgh levels homotypic Virus
culating sntibody) (> 1 1000) not known

Low levels prevent vascu
lar spread prevent rapid
LYMPHATIC ORGANS-. | Ingh response of spleen No evidence Should

Rapid serum antibody re ) Moderate levels (1 100) { mnhibat bomotypic WS
sponse (Good access to o ) prevent vascular & Jym ) remfection
culating antibody) phatic spread prevent

rapid high response of

spleen or lymph nodes

High Jevels prevent mtra

ton of CNS mflccllon Inhibuts re mfection of
CNS—Slow serum antibody ) 2fter diect neural mocu } CNS by homotypt
response  (Poor access to { faton (1 1000) virus Some nfbitios
circulating antibody) Low levels prevent spread | 28ainst heterotypic

to CNS via blood (or viruses

peripheral nerves?)

Table 6 summanzes the framework around which my discussion was
bult and for which I presented such evidence as seemed ta be at hand Its
princtpal purpose 1s to emphasize that the problem of over all mmunity
of the host 15 2 complex one and will not be fully understood until we have
a more 1 of virus p an on

the one hand and of the mechanisms of Jocal and of humoral immumty ont
the other
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Mechanism of Active Induced Immunity with
Attenuated Living Vaccines

Karl Habel

Loboratory of Infechous Diseases National Microbiological Inshivte U'S
Department of Health Educehon and Welfare Public Health Service
National Institutes of Health Bethesda Maryland

As Dr Salk has already pomted out there 1s a defimite difference between
the immumty produced by inactivated virus vaccines and that followmng
convalescence from clinical disease in both the degree and duration of the
immune state I think 1t 15 safe to say that in spite of adjuvants 1n general
there 15 no 1mmumty like convalcscent immunty In fact for many years
physicians have recogruzed this and on occaston 1n certain of the less dan
gerous wirus diseases ke mumps and measles have purposely exposed
children at an optimal age and state of health thereby estabhishng a soud
permanent immumity At the present tme for mstance the exposing of
young guls to German measles 1s considered a perfectly justifiable pro
cedure Thus 1s scarcely indicated m the more serious mfectious diseases and
15 not exactly a ded public health 1o p med:
cmne In fact this procedure sometimes backfires One of our staff members
tells how his son while 1n elementary school told him huis playmate had just
come down with mumps Kknowing his son to be still susceptible and think
g of the orchitis be might get 1f he were to wait till after puberty to develop
mumps be told lus boy Why don t you go over to your friend s house and
visit um? Sit on hus bed and play cards to help him forget being sick  The
boy did as mstructed but a few days later on talking to the playmate s
patents the father got the hornifying news that the infection was a clear cut
case of scarlet fever not mumps The end of the story 1s that the expent
mental exposure was successful

However there are other less drastic ways of accomplishing exposure to
active mfection with the devel of a type of

q P
immunity We are all familiar with the use of immune gamma globulin to
259
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SPECTRUM OF CLINICAL INFECTIOUS DISEASE

100 T T T
"
g
g
8 e --= Mumps h
S — —FPolio
zh Co sackie

z
W
g 4
Ze 60
cy N
L
7/ i
PE A B S \
= e
EP N
5° 20 AN -
14 . ]
£ - N

K ~——

) = I~ =

o
SEVERITY OF CLINICAL DISEASE

F16 1 Distribution of cases of certain human virus diseases according to thew
clinical seventy (0 severity indicates 1napparent infections)

But what 1s the evidence that this statement 1s true? One of the first
mdicators 1s the fact that not all live virus preparations are 1n truth hive
virus vaccines Before we get too far perhaps a simple defimition 15 1n order
1 would say an attenuated live virus vaccine 1s one 1 which a relatively
small number of vnable virus particles given m a single dose can produce an

o that from the active disease but
causing at the most only minmal evidence of chmcal dlness There 1s no
good evidence that I know of that viruses have some special ternficly
stepped up anugenicity merely because they are hive when moculated They
are often shown to be more antigemc when Living than when mactivated but
hive viruses when acting as non replicating chemcal entities have no super
antigenic qualities resulting 1n a permanent immumty This 1s readily dem
onstrated i the field of rabies vaccines Live virus rabies vaccines have
been used for years yet until the recent development of the Flury attenuated
chick embryo vaccine there was no demonstration of a longer lasting 1mmu
nity m ammals or of greater prophylactic efficacy tm human rabies by these
live virus vaccines than by the mactivated virus preparations

Practically all the avatlable evidence points i the same direction-—to be
effective as a vaccine an attenuated Live virus must multiply—must actually
produce an infection in the host Practcally every hive virus vaccme bemng
used effectively today s an example of this fact Obwiously 1t 1s true 1n
smallpox 1mmunization—we have the vistble proof that infection takes
place—mn yellow fever the frequent of fever after
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effect a muld attack of measles and more recently to protect agamst ifec
tious hepatitis and polio At least m the case of measles and hepatitss there
1s evidence of an active immurty resulting after this type of exposure t0 2
modified natural infectron

Yet from a practical standpoint the use of attenuated live varus vaccines
1s the most important method of purposeful exposure Although many
people are stll hesitant about embracing the concept of widespread use of
Iive virus vaccine 1 a rumber of human wirus diseases the fact remans that
m the history of p d the di of spectfic
immunization m the virus disease field have been with live virus vaccines—
namely 1 smallpox and yellow fever

Maybe you will agree with me that viruses like people are ambitious
and are just as anxious 1o get along m the world as are virologists There 15
reason to thunk that viruses take the long range view of ife—namely the
survival of the species—and as pomted out by many others mn the past this
1s not best d by ying all its ptible hosts The best
ar seems to be a t one m which both virus and host suf
vive In support of this we are finding more and more infectious diseases
10 be caused by agents that give rise to latent snfections 1 the majonty
hosts with chntcal disease the unusual occurrence 1n a few There are many

ples of this n 1 phalitis Iymphocytic chonomen

ingitis psittacosis and several ;:n man such as herpes psittacosis hepatitis
So we look on latency of infection often accompamed by immumnty an
always a possible source of spread of infection as probably a much more
common phenomenon than we now have defimte evidence for

But even 1 those virus mfections where there s no Teason to suspect 3
persisting latent mfection but rather a short lived association of virus an
host with and af cleanng of virus from the
host we have further evidence of the reasonableness of these agents 11 the
broad spectrum of the climeal disease they produce Figure 11s an attempt
to mdicate graphically the approximate distnbution of chnical manfesta
trons of a few virus diseases

Here we have begun to use the terms inapparent mfections 2s com
pared to Jatent snfections and 1t 1s obvious that Nature without the help
of chick embryos or tissue culture 1s domg a pretty good job of pamnlessly
producing 2 permanent type of immumity There 1s no new (and perhaps
dangerous) pnnciple beng lard down by man in the use of attenuated hive
virus vacames the prmciple was probably lard down at the time the first
virus broke off the first gene or wherever thts conference decides viruses
probably came from

Therefore what we are talking about when we speak of the mechansm
of actne induced immunity by attenuated live virus vaccines 1s the same
thing as actne immunity following pecially the dled
apparent mfections
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lation of antserum does mot prevent the subsequent development of an
active smmunity This T beliee can probably be explamed on the basis of
the relative speed of effecttve. adsorption and distribution of antibody and
wvirus Much experimental evidence pomts to the rapid distubution of
1moculated virus and once 1t has reached suscepuible cells their gven more
rapd attachment and wwasion Passwe serum antibody s not adsorbed
from the site of inoculation so quickly In a recent study we have mvestt
gated the adsorption of antirabses horse serum 1 humans and have found
more evidence of antibody in the blood 3 days following intramuscular
moculation than at 1 day It 1s mteresting to note here also that m the
same study the admimistration of a course of mactivated rabies vaccme after
a dose of antiserum had no effect on serum neutralzing antibedy levels
denved from the passive antibody Neither did the presence of passive antt
body wterfere with the subsequent actwe antibody response to the vaccine

Thus there 15 ample evidence for what 1s an obvious conclusion—that
true attenuated live virus vaccines result in virus multiplication 1n the host
But the next logical and more fundamental question 1s not so easy to answer
—why do they not canse chnucal disease? Certainly there are two factors

p m virus nf the of which d: the

extent of cell damage or dysfunction and therefore the extent of cliucal
illness This can be due to change 1n the virus itself which 1s the basis for
most attentuated virus vaccines such as for hog cholera distemper and
yellow fever Or 1t may be due to properties of the host as n the use of
virulent nfe bronchiis virus to chickens Certamly m
epidermcs of polio we frequently see the importance of the host factor which
determines mapparent infection 1n many and severe paralytic disease 1n the
few all seemmgly infected with the same virus

The mportance of the host 1s seen m the techmcs that are used to develop
these attentuated virus strams Almost invanably they have been adapted
to and carned often for prolonged passages through an unnatural host
Frequently m the early stages of this difficulty 15
and often the blind passage technic must be used This merely means that
here on the opposite end of the production line when starting out to make
an virus vaccine f are also m
the unnatural host At the other end when the vaceme 1s used m practice
usually the virus 1s then well adapted to the ongwally unnatural host but
now the animal recesving the vaceine has become the unnatural host So the
so-called matural res tance of the host to his old virus fiend who has
changed so drastically since the last time they met that he no longer recog
nizes hum 15 put to advantage And I bebeve this lack of recogmition 15
because thi attenuated strain 13 really a different virus from the onginal
pathogenic one-—just as different as the naturally occurnng vanant 1s In
fact 1t xs 50 hfferent that 1f you want to change 1t back to the virulent form
you have to work at 1t by repeated passage 1n the onginal host That thus
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suggests 1t and the demonstration of actual virus 1n the blood at that tune
clinches the argument The same 1s true of the newer vaccines hike the rabbit
strain of hog cholera the Blacksburg Newcastle virus chick embryo dis
temper virus mouse and chick embryo dengue vaccine, and the Iatest—
Dr koprowski s TN stramn of Lansing polio—mn every mstance virus multt
plication 1n the vaccinated host can be demonstrated by virus 1solation and
titration The only exception I can think of 1s the Flury rabies vaccme pow
used mn dogs So far all attempts to show the presence or multiphcation of
this attenuated virus i vaccmated anmmals have been negative but even
here we have indirect evidence that the virus multiplies Table 1, from the

Table 1

COMFARATIVE DETERMINATIONS OF POTENCY OF HIGH EGG PASSAGE FLURY RABIES VIRLS
VACCINE IN MICE AND GUINEA PIGS IN RELATION TO INFECTIVITY TITER IN SUCKLING MICE

Infectvity titer 1n baby mice (M-B) and morsaliy

Egg Pas Amimal Ratio of adult mice (M—A) and guinea pigs {(GP)
sage Species challenged* after ymum atont with dilutions of
Tury virus

10 20 30 40 50 60

M-B 676 6/6 2/6 0/5 0’6
187 M-A 0/6 0/6 0/6 4/5 6/6 6/6
GP 0/6 2/6 6/6

070 140 210 280 350 4% 4%

M-B s/s 55 6/6 6/ 55 /5 U8
197 M-A 0/5 06 0/6 0/6 0/6 1/4
GP 06 06 06 076 416

* Three wecks after immunization
+Mice mjected mtracerebrally guinea pigs inyected intramuscularly

NOTE Dilutions are expressed as logarithms to the base 10

work of koprowski shows that 2 titration of the immumzng capacity of
thes vaccine parallels its infectivity titer ‘This correlation 1t seems to me can
be explamed only on the basis of multip of the d wirus
even though 1t cannot be demonstrated as such

An important point m the evidence for multiplicatron of these attenuated
virmses used as vaccines would be the d ation that thetr
capacity can be d by the p of specific body When
directly mixed with antiserum  this 1s usually the case but when antiserum
1s adminstered to the test amtmal at a site different from that n which the
vaceine 1s given there 1s not such umiform evidence of neutralization In
hibition of a prmary take with vaccinia virus when antl vaccima serum 35
admimistered simultaneously has been reported However with hve virus
vaccines agamst hog cholera rabtes and distemper the simultaneous mocu
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any organ In issue culture studies it 1s not infrequent to see some areas of
celly completely destrayed whide adjacent ones remam viable or are m
volved at a later peniod An interesng pomt along this line 1s the evidence
that as expected most organs have a tremendous reserve of cells and a ugh
proportion must be mcapacitated before clinical symptoms appear In polio
some workers feel that up to 605 of the antertor horm cells can be de
stroyed before clinical paralysis develops However I believe the explana
tion based on the relatively smaller quantities of new virus 1s on a more
fundamental basis There 1s some evidence that the growth cycle of these
attenuated strans 13 more prol d and 1t3s to on
the basts of enidence from bactenophage that a certamn intracellular con
centration of virus particles 15 necessary before destruction of cells takes
place Ths level may not be reached with attenuated strans

Unf very Ittle b thology has been done on the tissues of
vaccinated ammals supporting the multipheation of these attenuated viruses
However 1n some 1nstances just as in the mapparent mfection with natural
viruses there are cellular reactions quahtatively similar to those 1n disease
‘but quanhtatively less

Further interest 1n the intracellular behavior of these agents revolves
about the site of theiwr multiphication—does 1t duffer from the virulent stran?
W have attempted to determime this with rabes virus Extensive studies
‘have shown that at all stages of rabies mfectron 1n mce after intracerebral
moculation of a virulent fixed stram virus Was most associated with mito
chondnia High egg passage of Flury strain of rabies when moculated intra
cercbrally m adult mice produces an mapparent infection and by blind
harvcst after 5 days can be ansBd senafly n aduits However 1t can be

and d only by of suckling

mice In Table 2 are the results of ttrations of subcellular fracttons from
muce down waith symptoms after virulent virus compared to those from mice
having an mapparent infecuon after attenuated vactme wirus Here agamn
we see the relatve ineffi of virus prod with the strain

Table 2

SUBCELLULAR DISTRIBUTION OF ADAPTED AND ATTENLATED RABIES STRAINS TN MICE

Tuters of bran cell fractions

Hom | Nud Mito Mca |
|
Mouse passage f
fixed v rug 56 50 65 44 | 53
Adult mouset
‘passage HP Flury 9 75 >34

L S

Hatvested 3 days after IC noc —Titration IC 1 ~dult mice
1 Harvested blindly S days after IC moc —Titrat on IC 10 5 day old m ce
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duff 15 not just a biol 1 whim on the part of the virus 1s mdicated
1n some recent results i the plant virus field suggesting that the chemical
composttton of an avirulent vanant differs from that of the virulent parent
strain This natural resistance of the host may be exploited by selecting the
age at which resistance 1s hugh as 1s done with mfectious bronchitts of
chickens moculating a virus which would cause a high mortality 1 baby
chicks, but when used n 8 to 16 week old birds creates an epidemic of mild
disease before the egg productive age

Also a factor mn natural resistance of the host 1s the frequent finding by
all virologsts that not all the tissues of an amimal are equally capable of
supporting virus growth or 1f the virus does multiply equally susceptible
of bemng damaged by 1t Ths 1s taken ad ge of m p 4
by the percutaneous mtroduction of vacciia virus and in the immunization
of chickens agamst fowl pox and tracheobronchitis by virus straims which if
mtroduced by the respiratory route would cause chmcal disease

But this now raises the question of where these attenuated wiruses do
their multiplymg Most of them are duced exther sut Iy or
mtramuscularly yet there 15 no evidence that they stay localtzed or neces
sarily multtply 1n subcutaneous tissues or muscle Actually there 1s evidence
that at least some of them multiply 1n the same tissues that are mnvaded n
the natural disease Thus attenuated hog cholera and distemper vaccine
viruses can be most easily recovered from the spleens of vaccinated ammals
Just as the virulent viruses can be best 1solated from this same organ 1
chmeally ill animals Chick embryo attenuated Newcastle virus 15 adminis-
tered and lies 1n the y tract In fact after this
procedure contact vaccination of other susceptible birds occastonally takes
place through the natural mode of transmussion Certanly vaccinia Virus
and 17D yellow fever virus get distrbuted to highly susceptible tissues via
the blood stream

So we are faced with the fact that these viruses 1 most mstances do
reach 1ovade and multiply m those susceptible cells usually 1nvolved n
natural mfection—but stll no chintcal disease Here I belteve 1t 15 necessary
to examune the quantitative aspects of the multiplication of these attenuated
viruses Just as in latent infections here also new virus production 15 defi
mitely less 1 amount and frequently at a slower rate than scen 18 acute
natural disease The spleens of hogs after attenuated hog cholera vaccmne
have a demonstrable virus titer several logs lower than those with chncal
cholera and reach that titer at 7 days by which time amimals receiving
virulent virus would be dead of the discase Bang and his coworkers have
shown this also to be true of the vaccine strain of Newcastle virus compared
t0 a virulent stram Whether thus lower level of virus replicatron means that
Jess virus 1s produced per cell or less cells are mvolved 15 not apparent
Certamly the same spectrum of clinical disease from inapparent to severe
also must be reflected 1n the relative susceptibilitres of the multiple cells of
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canne hepatitis the mammary gland in Q fever and the respiratory tract in
paittacosts These examples are evidence only in favor of tissue immunity
There are many on the other side of the fence Nevertheless the local pro
duction and release of attenuated virus antigen 1 the arca of the susceptible
cells even though 1n relatively small amounts may be quite effective 1
producing local tissue tmmunity

Now to return to the rate of multtplication of these attenuated viruses let
us look at 1t in relation to the production of antibodies That serum anti
bodies are important n immumty to virus diseases especially those mvolv
g a virerme stage 1s well d d by and epid 21
cal data If there ever needed to be a chnching argument on this pomnt we
have 1t 1n recently reported cases of complete absence of gamma globulin m
certan children and their repeated nfections with such a virus disease as
mumps Likewise serum antibodies may be important in determining if an
infection with attenuated virus will be tmapparent or chmical The slow rate
of multiplication of these strains and n consequence the slowness with
which they spread from cell to cell before enough are mvolved to cause
chmical symptoms may very well give ample time for active antibody pro-
duction If serum antibody could thus catch up to and overtake virus mulu
plication and spread climcal disease might thus be prevented but immumty
established As wmdicated in Figure 2 taken from the work of Overman m
our laboratory there 1s some evidence that this may be true Workuing with
a strain of mumps virus adapted to iptracerebral mfection of suckling
hamsters Overman compared the virus growth curve 1n the bram and the
H I antibody titers 1n serum 1n relatton to the development of chmnrcal
encephalitis and death i amimals of different ages These results certamly
suggest that the appearance of antibodies at a time before virus multiphica
tion had reached too hugh a level could have been the factor preventing the
development of disease and death It is interesting to note here that i
natural mfection with mumps virus 1 man we found evidence that the
rapidity of serum antibody response dunng the incubation perrod of the
disease appeared to be a determining factor m the spread of virus to other
glands such as the testicle

I suppose no of the h of after
of attenuated hve virus vaccines would be complete without consideration
of the possible role of the phenomenon known as mterference That this
experimental procedure can bestow protection to antmals 15 well recognized
but the necessity for large amounts of the interfenng agent and the time
relationships required for its effectiveness are potent arguments against
this as the of ty produced by Virus vacemnes
However 1n two other aspects of the use of these vaccines interference may
be important Fisst the innocuousness of the vaceine virus may be dependent
upon the fact that the T g prep of virus
particles may prevent by nterference the mvasion and multiphcation of
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but no evidence that the Hular site of 1ts multipl differs from
that of the virulent strain
The site of virus multiplication and subsequent release of antigen may
well play an important role m determining the subsequent immumnty of the
d ammal The of the of so called tissue 1mmu
nity and 1ts relation to humoral immumity 1s quite pertinent to this discus
sion I believe a consideration of this subject 15 a little less complex whes
we confine ourselves to those virus infections mn which a virerra 1s not a
necessary step in the pathogenesis such as m rabies or some respiratory
disease I would like to cite some expertments we did several years back 1n
which mice were immumzed with a given dose of ultraviolet inactivated
rabies vaccine by repeated ntrapenttoneal moculation m one group and by
intracerebral moculation 1 2 second group On subsequent mtracerebral
hall those d mntr. wese more immune than those
which recerved vaccine intrapentoneally Furthermore the perfused brains
of mice from each group were emulstfied and tested for thewr abdity to
neutralize standard virus with which they were mixed Bramn emulsions
from 1intrapentoneal d mice did not lize at afl while those
from 1ntracerebral vaccinated ammals neutralized 100 MLD of virus This
was true in spite of equal serum neutralizing anttbody titers mn the two
groups Recent experiments by Komarov using a chicken embryo adapted
rabies vaccine virus which causes mapp f after IC at:
of adult mice showed these mice to be subsequently immune to all con
centrations of the most virulent stram of virus by intracerebral challenze
Also with attenuated nfluenza viruses given intranasally in mrce or ferrets
and with Blacksburg egg strain of Newcastle virus mtranasally m baby
chicks there has been evid of an enh d pared to
intramuscular moculation and 1n the latter mstance this occurs whether or
not the baby chick has serum antibody received through the yolk of the eg
at time of hatching
Ina d of tissue and 1ts persisting effectiveness 1n
protecting the host agamst infection 1t 1s important to distingmsh between
those cells which normally are bemg replaced such as the epithehal cells
of the resprratory tract and cells which are not replaced such as nervous tts
sue ganglion cells Any change n cells as a result of a nondestructive mfec
tion may not be passed on to daughter cells and the precursor types of
cells may not have been ivolved at the time of ongmal infection At least
1t 15 convenient to use this as the explanation of why convalescent mmu
ity after some respiratory virus mfections does not persist This has also
been d as the h p ble for p of latent virus
f 1n spite of the p of serum bodies where Tlular
virus mught be passed to daughter celis by cell division without ever bemng
o circulating extracellular antibody It is true that Jatency fre
volves cells undergoing repeated cell division as in the kidney

exposed t
quen(ly m’
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canine hepatitis the mammary gland 1n Q fever and the respiratory tract in
psittacosis These examples are evidence only 1 favor of tissue tmmunity
There are many on the other side of the fence Neverthless the local pro
duction and release of attenuated virus antigen 1n the area of the susceptible
cells even though in relatively small amounts may be quite effective
producing focal tissue immunity

Now to return to the rate of multiplication of these attenuated viruses let
us look at 1t 1n relation to the production of antbodies That serum anti
bodies are important in immunity to virus dsseases especially those mvolv
g a vireme stage 1s well demonstrated by expenmental and epidemiologt
cal data If there ever needed to be a chinchimg argument on this pomnt we
have 1t 1n recently reported cases of complete absence of gamma globulin in
certain children and their repeated infections with such a virus disease as
mumps Likewise serum dies may he 1 d if an
infection with attenuated virus will be mnpparenl or chmcal The slow rate
of multiplication of these strams and in consequence the slowness with
which they spread from cell to cell before enough are mnvolved to cause
climical symptoms may very well give ample time for active antibody pro-
duction If serum antibody could thus catch up to and overtake virus mulu
plheation and spread chintcal disease might thus be prevented but immunaty
established As indicated m Figure 2 taken from the work of Overman
our Iaboratory there 1s some ¢vidence that this may be true Working with
a stram of mumps virus adapted to intracerebral mfection of suckling
hamsters Qverman compared the virus growth curve 1n the bramn and the
H I antibody titers m serum 1n relation to the development of cluucal
encephaliis and death 1 ammals of different ages These results certamnly
suggest that the appearance of antibodies at a time before virus multiphea
tion had reached too tugh a level could have been the factor preventing the
development of disease and death It 15 interesting to note here that in
natural infection with mumps virus n man we found evidence that the
rapidity of serum antibody response during the incubation penod of the
disea e appeared to be a determining factor 1n the spread of virus to other
glands such as the testicle

I suppose no d of the h of after
of attenuated hve virus vaccmnes would be complete without consideration
of the possible role of the phenomenon known as mterference That thts
esperimental procedure can bestow protection to ammals ts well recognized
but the necessity for large zmounts of the interferng agent and the time
relationships required for its effectiveness are potent argumems agamst
this 15 the of y produced by d virus vacces
However 1n two other aspects of the use of these vaccines mnterference may
‘be important First the mnocuousness of the vaccine virus may be dependent
upon the fact that the of virus
particles may prevent by mterfcrcnce the mvasion and multtplication of
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Fi6 2 Rapidity of virus multiplication 1n the bram and serum HI antibody
development 1 hamsters of various ages after recerving hamster adapted mumps
virus IC (Hamsters 2 to 4 days of age die of mumps encephalitis at approxt
mately 9 days but older hamsters remain healthy)
From Overman and Kiham ‘The Inter Relaton of Age Immune Response
and Susceptibility to Mumps 1n Hamsters J Immunol 715 Nov 1953

the few pathogemic particles still included 1n the total virus population of
the vaccine Also 1t has been shown by the group of workers at Lederle that
immunuty to challenge with virulent virus develops as early as three days
after hog cholera vaccine and even at 1 day after distemper vaccine This
very early immumty may well be on the basis of an interference phenome
on

" In summary 1t appears that the h of action of d hve
virus vaccines 1s the same as that mvolved 1n the common occurrence of
napparent mfections 1 Nature The factors responstble for an nfection
bemng inapparent mclude both the virus and the host but 1 those induced
by attenuated virus vaccines changes 1n the virus are the more important
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By adaptation to an unnatural host these viruses have a reduced capacity
to multiply 1n the vaccinated ammal or man Virus concentration per cell
may be at a level too low to cause cell destruction spread from cell to cell
may be so slow that serum antibody becomes a himiting factor or too few
cells are destroyed to result m climcal disease

Let us agam look at Figure 1 showing the spectrum of climical disease
From this 1t would appear that relatively Lttle change m pohio virus should
be necessary to make 1t a good attenuated virus vaccine and this would
seem to be the case with the Lansing type as Im sure Dr hoprowsks will
soon tell us On the other hand from tius chart one would expectitto be a
pretty tough job getting such a vaccme for rabies Yet actually of all the
diseases here represented rabies 1s the only one for which a practical Ive
virus vaccime 1s 1 use But 1t did take a lot of doing to make it—not untif
the 176th-egg passage m Dr koprowski s laboratory dtd 1t completely lose
its pathogemicaty for cattle Again look at the chart and consider that with
these vaccines we have pushed the curve way over to the left But let us
remember 1t may not have been pushed completely off the page In other
words 1 some few mdividuals ta certam physiologreal states as occurred
1n some anrmals receiving attenuated virus vaccnes the mfection produced
may not be so mapparent but this would be seen if at all only 1n an occa
sional indrvidual when very large numbers were vaccinated
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Practical Application of Living Virus Vaccines

Hiary Koprowski
Viral and Rickettsial Research Lederle Laboratories Division Amercan
Cyanamid Company Pearl River N Y

Although the title of my commumcation 15 Practical Applhcation of
Living Virus Vaccines I shall purposely avoid a detailed description of
the actual number of different types of vaccines available for practical use
nor do I intend to bother you with figures showing the numbers of animals
of varied species subj to P d with these vaccimes
throughout the world This information might approprately be supplied by
manufacturers with each vial of the respective vaccines but 1s not partict
larly relevant to the topic The Dynamics of Viral Infection

The purpose of ths paper 1s to review some of our knowledge concerning
mgeentives leading i the past to the preparation and subsequent acceptance
of ving virus vaccines It 1s hoped that illumnation of often forgotten facts
may help to dispel the incontestable fog which has accumulated about some
vital points and has prophylactically prevented some scientists from preserv
1ng their sense of proportion while examming the merits and demerats of Iive
virss vaccmes The motto of my talk will be a statement by Lord Mildew
1 a British trial of Dogget versus Port of London Authority  There 15 00
precedent for anything until 1t has been done for the first ime *

There are 13 species of viruses known to be used on a sufficiently large
scale 1n the practice of either human or vetermary preventive medicine for
assemblage under the heading of Iiving sirus vaccines In alphabetical order
these are African horse sickness blue tongue disease of sheep cammne dis
temper fowl pox hog cholera lary heitis
prgeon pox pneumoencephalitis (Newcastle disease) rabies rinderpest
vacerma and yellow fever Two of these are used for prophylactic purposes
nman yellow fever and vaccinia the others are employed for the immum
2zation of animals I addition to these viral vacemnes there are a few other

—+Hebert A P Uncommon Law Methuen & Co Ltd London 1936
270
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viruses which were and are employed m live form as an expentmentat pro
cedure for the prophylactic immunization of men and antmals These are
(agan m alphabetical order) Colorado tick fever? dingue infectious
hepatitts 3 influenza ¢ ¢ mumps?® pohomyehnis®*® and Ruft Valley
fever 12 T am quite certan that I have not exhausted the List and ¥ shall
be happy to have the partictpants in this sympositm enlarge it later by quot
ng their own expenence

History of Laving Virus Vaccines

The search which resulted in the discovery of iving virus as a method of
immunization was of course prompted by the fact that 1 only a few viral
diseases 1s 1t posstble to 1mmunize with properly mactivated agents Even
then the resulting immumty may be transient and the engendered protec
tion may fall short of the mark set by the endunng immumnity which follows
convalescence from 2 natural disease Moreover cerfam viruses esther be
cause of therr nature or because of the small concentrations of antigeme
matenal available prior to cannot be for
tion purposes

Four viruses whose history and some of whose charactenstics are traced
m Table 1 fall 1n the latter category although perhaps traces of antigemcity

d N

may be found m p le disease
virus
Table 1
FOUR EXAMPLES OF THE USE OF MODIFIED LIVING VIRLSES FOR VACCINATION PLRPOSES
Hustory of the Atenuated Strain Duration of
| immunuy Followmng
D sease Onigin Sourece ¥ accination
Vaniola Nature Heterclog us
Host (Cowpox} 4 to 7 years
Newcastle Nature Homologous Host Lifelong ()
Yellow Fever Laboratory | Tissue Culture > 10 years
Afr can
Horse Sickness | Laboratory | Mouse Beamn 8 years

1 believe we are all m agreement that the discovery of the ummunizing
properties of cowpox 1 man d the first of
the use of modified hving virus for immunization. purposes Thus discovery
stumulated several generations of scientists to search for other modified
strams of viruses You may note that cowpox was not man made Nature
provided an agent which was recovered from 2 rummnant host and wasg
found to be hy for man Its

Jenner to mse 1t i the prophylaxs of smallpox Later on numerous further
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modifications of vaccima virus were imtiated by man 1 the laboratory but
the ongmnal variant was as safe as the man made mutants

Nature also provided the modified virus for vaccination of fowl agamst
Newcastle disease In contrast to vaccima the immunizing agent was recov
ered from the natural host—the chichen a species which may be decimated
by an outbreak of Newcastle discase Of the two vaniants used at present
for vaccination purposes one stram when administered intranasally to one
day old chicks mvokes local active immumty very often superumposed
upon congenital passive immumnity ** The second variant 15 appled 12 to 13
weeks later and induces a systemic type of immunity operative during the
Iife of the bird

In contrast to vacciua and Newcastle disease the viruses of yellow fever
and Afncan horse sickness were modified by man Modification m both
cases was accomphshed m a gradual fashion Propagation m unnatural
hosts  mouse embryo and chick embryo tissue cultures for yellow fever
virus 1 and mouse bramn for African horse sickness 1 led the virulent
stramns to shed their pathogenic properties and to be mcorporated mto antt
genically powerful vaccines

Duration of Immunty

Vaccination with Iiving virus vaccines engenders a state of resistance
which 1 many sostances parallels that mduced by a natural attack of iliness
without ever surpassing 1t unless a latent infection may occur

Duration of immunity agamst smallpox will not be dealt with since it
was amply discussed by Dr Dowrue at this morning s sesston  The vaccina
tion of birds agamst New castle disease at 12-13 weeks of age protects them
during their lifetime People immumized agamnst yellow fever with the 17D
strain more than mne years ago have been found to have crrenlating homol
ogous anttbodies at a concentration smular to that immedately following

1 and 1t 15 to expect that a state of resistance may
remain operative throughout the lifetime of the vaccinated indidual Im
munity engendered by the African horse sickness live virus vaccines has
been proved to persist m horses for eight years or longer ** However 12
cndemic areas yearly of amimals 1s ded because of
the plurality of rmmunologrcally distinct stramns By means of annual vac
cinations  solid immunity aganst mmnor antigens 1s mnduced and the range
of derably broadened 1&

§mcc there are no actrve virus vaccines available for these four diseases
1t 1s impossible to compare the duration of immunity induced by hive virus
vaceines to that engendered by mactive viruses

However 1n the case of rabies virus vaccines contaiming nactivated
virus were known to display power C data on
duration of smmunity following vaccunation of dogs with the two types of
vaccine are summanzed in the next table
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Table 2

DURATION OF IMMUNITY OF DOGS FOLLOWING VACCINATION WITH SEVERAL TYPES OF
RABIES VACCINE BY DIFFERENT INVESTIGATORS

Months
between
vaceinat on Mortaluy Ratio
and o
Author Vacome | challenge | Vacamates | Cons ols
Johnson [Phenolized l 1 0125 17725
12 6/5 /s,
Koprowsks [Phenolized 12 12 18/25
4 8/19 21/23
Avianized o) 0/25 18/ 5
2 3/25 21723
USPHSt [Phenolzed 2 0/30 18/33
wco 39 8/34 31/36
operation
with i
Lederle Uttravioter 4 0/31 18,33
39 7/30 31736
iBenzenene 4 0/30 18/33
[Extract
Avianized 4 0133 18/33
39 0/30 31736
3 imjections
+ Preluminary results study not yet completed
Table 2 gwes results of di by Dr Johnson'* and

wmyself ¢ Groups of dogs were vaccmated 1 the first experiment by Johnson
with phenolized rabies vaccine These dogs were challenged with street
virus one year later and six out of 52 died of infection Simular results were

obtamed with p vaccme 1n e d by Mr Black
and myself In contrast to killed virus the live virus vaccine (aviamized)
showed over the

m to chall two years after Table 2 also gives

preliminary results of another comparative study as yet unpubhished con
ducted along simular ltnes by Doctor Tierkel ef al of the USPHS * 1n
cooperation with our laboratory Duration of immunity 1n dogs was tested
at 24 and at 39 months following immumzation with four different types of
vacemes The results of the 24 month challenge study indicated equally high

Prelimmnary results of this work were reported by Dr E S Trerkel and Dr M A
Kaplan at the Fofteenth Intesnational Congress of Vetermary Med cme Stockhalm

1953 and were published by Dr J H Steele in ¥ eterinary Med e 48 4.
Outoher 1953 346
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efficacy of the vaccines n the face of a mortality ratio of 18/33 i the
control animals but with challenge performed three years and three months
after vaccination the live virus showed sigmficant supenionty over vaccmes
contaimng mactivated virus One may add here that the live virus competed
agamst overwhelming odds smce 68 years of research expenence in the
field of rabies has produced methods of virus mactivation resulting mn vac
cimes of greater immunogenic power than 1n any other known virus nfec
tion

Some data Table 3 are also now available on the persistence of neutral
1zing anttbodies follow g oral admimstration of live TN strain of poliomye
litis to man ! Sera of mine out of fourteen immunized mdividuals were de
void of neutralizing antibodies agamst any type of poliomyelitis prior to
feedmg with TN stramn

T hes

MSSTENE NI S AGIDWT TP POLOWYELITS VOUS DN A4 OF YoLMTIENS b T STRANC
O ol Adm s
7"

3 o it

i S b b Mum mp i f eum b ned mowhs fer aral aimansatis { it

Al 7

g 1 # Te v 2 3 & i nm i s wm m oy m s m s

TR

: o2 [ 5 156
it 13% 160
Ta 0

3 s s <z '
mn 118 1
T <2 im T

s it i o
ur 11 18
T [ETR

s B 15 1.
n 98 14
R ]

¢ : IR ) w00 R
RTRED

[T It (10 s
i 1%
Ty T wis

@22 u its
= ERECET)

s 1 2 b 20 s
i i 130
T <1 tm

w ot a Szt
w3 (a0 R
[

w1 oSz oam o
o S} v
T <z 1

o oS3 n
w i ' 150
T w1

L 1'h
o e i
<1 D

w o4 oW n S s 150
T T
hnoS 1% 1100

I no<e i 1

oo s st were fousd o be Fnmune o Type | e,

1 This undrvadud was found 10 be mmmcat o ¥rpe H)



MECHANISMS OF IMMUNITY 275

You may observe from data summanzed 1n the table that the homotypic
antibody Jevel rematned unchanged mn the blood of all imdviduals with the
possible exception of No 8 for three years and more after oniginal exposure
to the virus It 1s reasonable to assume that the immumty thus acquired
may last beyond the three year peniod investigated in this study I may fore
warn you that the above results were obtamned by the mouse neutrahzation
test—a method now antiquated and forsaken Anticipating Dr Bodian s
queston I hasten to add that the results of this obsolete test were con
firmed by the dern tissue culture test

1 regret to say that 1t 15 impossible to compare the duratton of immunity
induced by Iving poliomyelitis verus in man to that engendered by inactive
virus  since there are no data available One would expect to find 2 similar
study conducted with inactive virus vaccines before a mass immun:zation
program 1s imtiated What we do find 1s the exact opposite

Since we are done with speaking of duration of immumty problems 1t
mught perhaps be well now to discuss the proper and obvious safegnards we
should use 1n deciding that this or that virus 1s sufficiently attenuated to be
employed as a vaccine

Necessary CI of an A d Stramn
of Virus fo be Used for Vaccnation Purposes
The presence of sufficrent ivang virus mn 2 final product to meet minmum
titer requirements From a practical standpoint the quantity of viable virus
present 1n the vaccine at the tume of 1ts admtnistration 1s of paramount 1m
portance Since as Dr Habel pointed out  to be effective as a vaccine an
attenuated live virus must muluply we have to facthtate 1ts invasion mto
the organism by supplying adequate amounts of infectious umts The quite
theory has beent exp ded that one dose
—stnce the agent 15 2 hving one—should suffice to start a chamn of reac
tions leading ultimately to immumty However as Dr Habel told you dif
ferent sites may be mvolved n the multiplication of an attenuated virus as
wompared 1o 1ts virulent forefather The onginal host becomes an unnatural
host for the attenuated virus and a relatively large amount of virus may be
required to overcome the threshold of resistance
The hivmg attenuated virus also has to be resistant to adverse external

such as high humidity to ight etc Vac
cines prepared in the Umited States have to retan enough living virus when
shipped to T to perform under local di of

storage Attenuated viruses which are not hardy n character cannot be
used successfully 1n hving virus vacenes

Absence of other types of Live viruses in the final product Although this
powmt 1s obvious to anyone famihar with the work conducted 1n a virus
laboratory T am not certamn that mere cogmzance of the danger will solve
the problem Proper and obvious safeguards should be taken at the time
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when such vaccines are produced and adequate tests should be made be
fore the final product 1s released Detarls of those procedures are agamn not
particularly relevant to the topic of the Dynanucs of Viral Infection
Inability fo produce serous illness in the vaccmated host This 15 of
course the main crterion of attenuation Yet 1t should not be taken too
Iiterally An attenuated virus must multiply 1n the orgamsm and a reaction

of the host may be dered as a wel sign of of the 1m
g p dure Absence of reaction and of febrile response
foll g primary v against smallpox 1s regarded as rmmuntzation

failure Inoculation of 17D stram of yellow fever mto man 1s very fre
quently if not mvartably accompanied by a febnle response at the time of
viremia  Lympt and febrile m swme are t with
admmstration of attenuated hog cholera virus

An important factor n the resistance of the host to a virus 1s the route
of admunstration of the mnfectious agent In some cases virulent viruses can
produce a mld modified infection if given by an unnatural route Dr Habel
mentroned viruses of fowl pox and laryngotracheitis which when attenu
ated are of no apparent value for immumzing purposes However, the
corresponding unchanged virulent stramns are excellent immunizing agents
which can be admimstered with absolute safety provided the unnatural not
respiratory route 1s used for moculation

The age of the host at the time of admmnistration of an attenuated virus
may determune the intensity of its reaction For nstance an attenuated
stram of hog cholera may be admistered to a pregnant sow and fal t0
elicit signs of illness 1n the animal However 1t will mnvariably hunder fetal
development causing muscarriages stillbirths and malformation 28 The fetal
tissue may be partrcularly vulnerable to 1nvasion by virus particles of attent
uated strams The parallel with German measles infection of man 1s quite
obvions But just as one would not hesttate to expose children at the post
fetal 1 phase to individi fi with the Iatter discase $0
vaccmation with attenuated hog cholera virus should be considered as 2
perfectly justifiable procedure since 1t causes ro harm to pigs from burth to
death

Evidence for lack of of the wirus from an

lated fo a host or, f occurs, fixation of 1S

modified charactenstres The argument that an attenuated virus may revert
to 1ts more virulent form has been used most frequently by the opponents
of live virus vaccines Since Arguments are to be avoided they are always
vulgar and often convincing according to Oscar Wilde I should like to
present some data whrch will throw additional light on the mechamsm of
attenuatton and on the long tortuous road a viral agent has to travel before
1t becomes attenuated

P data c five d viruses are
1n Table 4 In the case of canme distemper virus two stramns

or
summarzed
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Table 4

ATIENUATION OF VIRUS VACCINES BY HOST PASSAGE

Number
py Attenuation for
Virus Host Passages Animal Species
Canme A Chuck 26 Ferret and Dog
Dustemper B Embryo 38 Ferret and Dog
Hog Rabbit > 150 Swine
Cholera
Rabies Chuck 40-50 Dog
Embryo > 180 Catile
Yellow TC &
Fever Chuck 0255 Man
Embryo
Newcastle Cluck
Embryo 1 Ch cken

A and B were adapted to developing chick embryo 2% The A virus was
ferret adapted the other the B virus onginated from a case of camne dis
temper encephalits In spite of the radically different origins of the stramns
the number of egg passages required to produce attenuvated vanants dif
fered only shghtly

It took 150-200 sersal rabbit passages to bring about modification of hog
cholera virus 2¢ The leporine stram at the early passage levels was as viru
lent for swine as the parent porcine stram Table 5 It was decided how
ever to contnue the arduous labor of consecutive serial passages hoping
that the virus would 1n the end be  tramed 1 the right direction You may
observe that up to the 50th rabbit passage level a 10% suspension of 1
fected rabbit spleen tissue was lethal to all swine moculated From then on
a gradual process of modification seemed to take place and the stram lost
1ts lethal propertics somewhere between the 145th and 207th rabbrt passage
levels The results of challenge moculation with virulent virus of swane sur
viving myection of the leponne strain wndicated that the modified virus re
tamed 1ts antigenic capacity

It 1s perhaps even more mstructive to trace the attenuation process of the
Flury strain of rabies Ongmally a street virus 1solated from a cadaver 27
1t was passaged for 138 generations of one-day old chicks before adaptation
to the developing chick embryo At the 40-50th egg passage the Flury
virus was found to become non pathogenic for dogs mjected parenterally
and at the 180th egg passage level 1t became 1nnocuous for cattle 28 Com
Paratrve pathogemic properties of the virus at the two different develop-
mental stages are summarized i Table 6 It should be noted that we have
here an example of almost complete cycle of attenuation although data
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Toble 5
EFFECT OF SERIAL RABBIT PASSACE ON SWINE VIRULENCE

Swine Virnlence Tests of Rabbit Adapted ¥ irus Challenge Tests* of
Survwing Snsne
Rabbet Passage Mortality Rato RMortakty Rotio
9 2/2
it 0,2
12 171
30 66
50 4/3
g 3s 0/2
90 2/5 01
97 3 14
129 2/8 046
135 635 037
145 174 02
207 o/ 0/11
245 018 0B
284 012 012

¥ tmi of 10000 or mote LD, used for challenge moculation

discussed Iater wall wndicate that the hugh egg passage Flury virus 1s not
completely free of virus particles still pathogeme for hamsters gunea pigs
and rhesus monkeys

As seen agam an Table 4 attenuation of yellow fever virus otcurred 8
a gradual fashion through propagation 1 tissue culture and chick embno

In marked contrast the Blacksburg stram of Newcastle virus has been
found aticnuated m aatare ? and s passaged 1 chick embry os only for the
purpose of vaccire production

The analysis of the general aspects of attenuation of these viruses mdt
cates that though other factors relative to the host and to the virus may
play some role the modification occurs as the direct result of numerous
passages m an unnatural host By the same token reversion of the acquired
charactenistics may take as many m the opp d

Of the five attenuated viruses whose hustory appears q Table 4 the Flury
strain of rabies cannot be transmitted from host to host since st 1s nenther
excreted nor present m blood after moculation Thus even if 1t multiphies
1 the imjected ammal 1t can only cause a self himsted nfection

The same can be sud about canme distemper virus In numerous expert
ments normal ferrets a highly susceptible species were placed m costact
with vacamated dogs fatled to develop any clinical signs of iiness ﬂm;!o

to b ",

what 1s more d p

"The attenuated stram of yellow fever can theoretically be transnutted
from host to host smce st may canse virema four to seven days after vac
cmation * Thus 1t may become @ prey to 2 mosquite However aullions of
persons have been vacanated agamst yellow fever i areas mhabited by
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virus transmutting arthropod vectors,? and we have yet to hear about a case
of yellow fever caused by reversion m properties of the 17D stram

The attenuated variant of hog cholera virus may be found in the blood of
vaccinated ammals However a course of five consecutive passages m
susceptible pigs failed to modify the apparently fixed characteristics of the
attenuated strain 3%

One should also accept the fact that m rare instances because of the
conditron of the host attenuated virus may become mvolved as an associate
i an actual liness A chuld suffering from generalized eczema exposed to
contact with a pustule nfected with vaccima vicus will develop eczema vac
cimatum This has been known for ages but vaccmations agatnst smallpot
are carpred on as usual

Once a virus 15 attenuated unexpected changes can be avoided 1f we deal
with an homogenous virus population But even there evidence obtasned
with rables virus mdicates that a mixed viral population with a predomt
nance of the attenuated forms cin be successfully mcorporated nto a va¢
cme

In Figure 1 are tllustrated the results of titration of the high egg passage
Flury strain ® n six species of anmals all myected intracerebrally Adult
mice rabbits and dogs were equally nonsusceptible to mfections Rhesus
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monkeys and baby mice d highly P to bral moct
lation 28

The results obtamned 1 hamsters and guinea pigs arc of mterest since
they mdicate that had 1 concentrated suspension of infected chick embryo
been used 1n this study both species might have been considered to repre
sent nonsusceptible hosts Once the viral suspension was diluted beyond the
mterfening effect of particles deprived of their pathogenic properties some
ammals succumbed to mfechon These results seem to indicate that the
Flury strain at thrs egg passage represented a mixed viral population Curt
ously enough the pathogenic properties of this viral cauldron remamed
stable m spite of numerous efforts to change them For mstance virus
removed from the bram tissue of dyng hamsters was sult apathogenic for
adult mice and when titrated 1 hamsters the mortalty curve paralleled
exactly the one shown mm Figure 1 A senes of ten consecutive passages
through brain tissue of adult mice at different dilution levels farded also to
change the pathogenic properties of the virus

While our emphasis thus far has been towards a means of control of
rabies through the immumization of ammals our ultimate objective 15 of
course the apphcation of these findings to the treatment of human bemgs
Dr Fox? has employed the HEP Flury stran for the immunization of man
1 a chmical trial mvolving 90 patients Some of them recerved amounts of
virus equivalent to 12 dog doses or 20 ml of 40% suspension No un
toward reactions were observed and the safety of this immunization proce
dure 1s beyond any doubt

I would kike to remind you tha! the same stram 1s still pathogenic for

thesus monkeys mjected lly and yet has no patk property
when mjected parenterally into man Tius should perhaps induce us to relax
Judgment on ch of strains of p fit to be

considered as hive virus vaccmes Perhaps lack of mntracerebral pathogenic
1ty for rhesus monkeys should not be considered as conditto sine qua non
The problem of safety 1s of course 2 relative one Opponents of immu
nization procedures with live viruses claim that these methods are unsafe
1n contrast to those employed 1n so called 1nactive virus preparations This
1s a large and 1 thmk an untenable clarm I put 1t to you that vaccination
against rabies when nactive virus preparattons were used was an unsafe
procedure m companison with inoculation with lving virus This claim 1s
based on evidence If virus was properly mactivated antirabies vaccines
were safe as far as therr being 2 source of infection was concerned But
killed vaccines actually presented a greater hazard than Iiving vaccres be
cause of the factor or factors productng allergic encephalitis?® and other
reactions as we know mnduced by
killed vaccnes 15 vanable depending upon two things first the amount of
virus present 1n the preparation at the time the virus was mactivated and
second the manner i which the virus was mnactivated It 1s hardly possible
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to call such a method of smmunszation 3 safe procedure Opponents of Ine
virus inoculation claum that rabres 15 a deadly disease and that we should
take no chances even to prove the safety of the live virus mmumzaton
procedure The same argument applies to the field of poliomyehtts virus 25
follows poliomyehtis 1s a very mudd disease as compared with rabres there
fore the safety of a live virus vacene can never be proven I you vacemnate
1000 individuals the 1 001st may become paralyzed 1f you vactimate
10000 the 10 00 15t may become a victum of paralysis Such asgument can
be used ad infimtm 1 the face of the unabated zeal of the advocates of
bsfled virus vaccines Yet immunization procedures agamst polomyelits
with killed virus vacune may be as hazardous as those using hve wirus I
you fail 10 inactivate completely the living agent s your vaccme prepard
tion the virus wath which a child will be moculated wall not be of te
attenuated type but of highly viculent variety The duration of immunity 5
undetermuned at present  and rephcate inaculations with adjuvant prepara
fions are madvisable—pasticnlarly 1 view of our ignorance of nopspecific
factor or factors present in the adjuvant preparation which raay cause sid?
reactons The hazard of using such in a mass
program 15 at least as great as that of using hve virus preparauions How
ever T am not going to be the oae to wave a red g i thes arena to the

happy few possessed by zeal

Evidence of ad following single ad of ine
wirys preparation Not all hving viruses are good anugens Of four steans
of rabies virus adapted 1o the chick embryo and modified only one the
Flury virus was found 10 have broad enough antigeme properties to b
considered for vacemation purposes * Hts ymmumzing properties vemamed
stable through the course of 200 epg passages However constant checking
of its antigenic propersties s mdicated particutarly in view of our knowledge
af the loss of ummumzng progecites by the 17D strasn of yellow fever aftet
numerous tissued culture passages 3 38 That a hive wrus vaccine may have
broader antigemic propesties than a kitled virus preparation 15 indicated by
the results of vactimation against hog cholera shown mn Tahle 7 There are
no known sttam differences among causative agents of this disease but in
1950 a so-called vanant virus®® was discovered which seemed 1p mnfect pigs
1n the field vaceinated with preparations contawng mactive hog cholera
virus T expertments conducted by Dr C N Dale of the Bureau of Anima!
Industry U § Department of Agrculture results of which are shown i
Table 7 1t was clear thal immonyzation with attenvated live vyrus vacone
(Rovac) protected ammals agamst exposure erther by contact or by in
oculation with the regular virulent as well as the vanant 1950 steain of
hog cholera virus Although dafa summarized i Tabie 7 mdicated that
yaccmation with erysial violet vaccine dr agamst chatl
with the regular hog cholera virus (last coluron Table 7) it 1s also ap-
parent that ammals immunized with this mactive virus were as susceptible
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Table 7

MORTALITY RATIOS OF PIGS VACCINATED WITH ROVAC UPON CHALLENGE WITH “VARIANT
1950 AND REGLLAR VIRULENT HOG CHOLERA VIRUSH

T | Mortalitv Rattos
ype of

Vacane Challenge Varant 1950 | Regilar ¥ ulent
Rovac Injection 19 1710
Rovac Contact 110 1/10
cv Contact 10/10 1/5
Cholera Immune Contact 15 =
None Contact 10/10 ‘ 10/10
None Tnjection 10710 10/10

Rabbit adapted stram of hog cholera virus
+Data obtaned by Dr C N Dale of BAL, US Department of Agriculture

to infection with the vanant 1950 stran as the non mmumzed controls
(first column Table 7) ‘These comparative figures may be considered as
additional evidence for the possible broader antigenic spectrum of live virus
vaccnes as agamst those contaiming mactivated virus

Thus Mr Chairman d may I be p d to
a paragraph from A P Herberts Uncommon Law and say that we have
gone a long Journey and met many attenuated viruses on our tnp But n
spite of all that was said before the bebaviour of the viruses as the expert
witnesses will presently tesnfy appears to cun{orm to no known laws
whether of season psychol 1 or b: Their actions
are and Therr health 15 delicate thewr
nervous system easily disturbed and their moral sense negligible The merest
straw 15 sufficient to upset therr temperaments and the hopes which human
bemgs have formed concerning them and this 1s especually true of those
hughly bred and sensitive viruses which compete professionally m the public
horse races

We shall hear 1n the future Mr Chairman of certain viruses called
favontes which because of their parentage and past performances and
known ability of the scientific jockeys who will nde them are confidently
expected by a majonty of persons mterested to defeat all their competitors
i this race or that But we shall also hear that 1t 1s a comparatively rare
event for the so-called favonte to fimsh first and m fact 1t has been
known to fimsh among the last so many are the chances and accidents
which in a race between different viruses may disappomnt even the unam
mous expectations of 2 people and then the general impression wall remam
that virology 15 the product of a black art admustered as 2 mystery which
none but the 1mtrated need hope to understand
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DISCUSSION

Mechanisms of kmmunity i Virus and Ruchettsial Infections

bR R R waoNER (Yale University School of Medieme) 1 would hike ©0
ask Dr Bodian sf he thinks 1t mmght be feauible to study focal ussue 10
mumty by usinsg excised tissues mn fissue culture not merely by studying 28
anumal that has been actively immunized to pobomyelitis virus like exeising
perhaps testicular fissue and testing its susceplbihty to virus m tusue
culture at the tme of maximum antibody response

PR § M MOUNTAIN (Babies Hospital College of Physictans and Surgeoss
Columbia University New York New York) [ bave been very mpressed
m g the d s of the path and of
pohomyeltis wath the close parallel with equme encephalomyehtis as first
observed by B W Hurst In with an wirus 3510
poliomyelitis there 15 a visemia which may be followed by afection of the
central nervous systern Another analogy s the mfluence of route of intro-
duction of the virus on one hand n passtve immunization to pohomyehs
as descnbed here by Dr Bodian and on the other hand in neutrahzation
tests with the encephalitss viruses reported in the past by Ds Olitsky aad bis

1iab When 2 1 test 1s carnied out by 2 peripheral soute
such as ntrapentoneal far more virus is neutrahzed by a given amount of
antiseruns than when stroduced by a direct route fo the ceptral nenous
system Digect routes included 1 as well as H

These paratlels suggest that for active smmumzation an approach effective
for one may be spphcable (o the other mfection In tus regacd the formahn
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mactvated vaccine now effectively used agamst equine encephalomyeliis
prnmanly 1n the hors¢ population may pomt hopefully to the future of a
formalin treated vaccine for preventron of poliomyelits

DR LoosLI [ have great farth in antibodies and 1 am grateful for any that 1
have m my own crcalation I think howeser as Dr Bodian has pomnted
out that local factors as well as are m
portant n the pathogenesis both of poliomyelitss and mfiuenza I would
like to comment 2 moment or two on some of our expenments with arr
borme influenza virus infections m mice Mice actively immunized sub-~
cutaneously with formakn d vaceines and exposed
m a cloud chamber develop pull as d d by gross
lesions and growth of virus m the lungs Yet these mice survive the infection
and develop a marked nise 1n antibody tter Mice which are passively im
munized before exposure to the air borne virus hkewise develop a pul
monary nfection and survive In comrast to the actively immunized animals
no (etther b or ) can be
demonstrated 1n the circulation three weeks after exposure m the cloud
chamber However these ammals are found to be immune to subsequent
challenge with awr borne viru for as Jong as three months Thus 1s shown
by the fact that many survive challenge wath atrborne doses of virus equal
to or greater than the first exposure Following a second challenge with the
air bomme virus after antibodies can no longer be demonstrated large
amounts of antibody can be demonstrated m the blood Qur 1nterpretation
of this phenomenon s that dunng the first challenge the passive antibody
neutralized any virus which finds 1ts way mnto the circulation so that the
immune mechamsm s not stimulated and thus no active antibody 15 pro-
duced outside the lung whereas on second challenge a virermia occurs dur
g which the micre respond by developing a high antibody titer Qur con
cept that a viremia 1s part of the pathogeness of afluenza 1s in agreement
with that of Dr Bodian and others with respect to poliomyelitis

DR sasLaw T would bike to amphfy a bit more ont what Dr Loosh had to
say 1 too am grateful for antiboches but I think we frequently forget some
of the cellular mechanisms Speaking about the pathogenesis of mfluenza
and our experience with monkeys after intranasal mjection we never did
produce any clinical snfection The only evidence we had was a leukopena
and the development of humoral antibodies However the antmals that did
get nto trouble were those that received pyogemic orgamsms not at the
same time but about three weeks Iater The only difference we could find
was that their bone marrow did not respond They had an abortive leukocy

tosis and then came down with overwhelming septicermas With reference
to the polio T would hike to ask one question perhaps 1t has been answered
m another session but how Jong 1s protection still demonstrated after this
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active immunization m monkeys when challenged? What 1s the longest
period we have had so far?

DR PAUL (Moderator) Did you direct that question to either of the two
or both?

DR sasLaw Well m monkeys particularly to Dr Salk

DR HOWARD A HOWE (Johns Hopkms Unmverstty) [ would just bke t0
add one or two more points 1n the advocacy of the chimpanzee because 1
think that at the present time we perhaps are being pushed to mmunizé
people at a rate which outstrips our knowledge of immunogenesis 1 think
that the chimpanzee 1s a very worthy expenmental subject for studies of this
kind I mght say that chimp become I and can e 12
zoos from which they may be brought back and rechallenged They may
be also vaccimated and challenged after two or three years they may be
challenged agamn We know already that ct respond to 1 ted
vaccmnes with antibody levels which are comparable to those which have
been discussed and we have with the chimpanzee the opportunity to study
1 considerable detail the events which go on i this animal on known €x
posure If I might anticipate answermng the question that just preceded I
know that convalescent chimpanzees are hkely to become almentary VoS
carners after two years at about the same rate as they did after their first
challenge In other words an ammal convalescent and challenged 1mme
drately has about 10% chance of becoming reinfected agamn after two years
he still has about the same chance Apropos the rather gloomy predictions
of Dr Hammon this morning I think we know already that while one cat
Timt alimentary infection wrth very high levels of antibody actively nduced
by vaccine contamning mactive virus 1t would appear to be rather unhkely
that such levels would be achieved by the vaccmes which would probably
be admimstered 1n practice In closing I might say that the chimpanzee does
offer an opportunity to get tentative soluttons to some of these long ter®
problems which may be very slow 1n arntving from human populations

pr PAUL I thunk we mught postpone the rest of discussion of these papers
to the end of the afternoon but we will ask Dr Salk if he will care 10
answer the one question put to lum

pr saLK I believe Dr Howe answered it He has had far more experience
than I We have followed serum antibody levels in monkeys that have been
1noculated and have found antibody in fugh titer after about two yers we
have not challenged these ammals they have been saved for <erological
purposes For a good many months m other anumals we have found r¢
sistance to challenge after vaccnation 1 want to agree wholeheartedly
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with those that have expressed views regarding the question of so-called
cellular immunty At the moment a factor that influences our own 1
vestigations 1s that 1t 1s nice to be able to measure something If you can
measure antibody and if m individuals or ammals we can assume that
the anubody present parallels immumty then we have a very easy and
simple system both to manipulate and to serve as a gude As Dr Bodian
pomted out we may well find that antibody 1s not the full answer merely
a step and 1t may well be that there are more 1mportant phenomena that
are active and effectrve 1n 1mmunization

DR BobiAN I would like to add a pount which I alluded to m my talk
namely that although low levels of antibody in the experiments I men

tioned are able to prevent paralytic infections by what seems to be purely a
neural route thatis by 1 there are i which
possibly depend on the virulence of the challenging stran For example the
only break throughs which we had 1 our expeniments with mtramuscular
challenge m antmals which had received hugh levels of passive antibody oc-
curred with a single stram which 1s known to be highly pathogenic 1 mon

keys the old Rockefeller MV strain Thus fact perhaps should be viewed
as a cautron that conditions on which we are now focusing attention may be
particular rather than general and that with a varulent stram or with one
which 15 2n antigenic variant 1t may take a good deal more circulating ant

body perhaps more than we can produce with mactive vaccies to prevent
paralytic ifection There was one question directed to me about approach

g the problem of local immumty 10 tissue culture About all I know 1
that field 1s that 1t 1s not an easy one m which to work and T would rather
have somebody else assess the prospects

DR PAUL I would like to say that we have had four splendid papers and
I think we have been singularly fortunate We have a few minutes for dis
cussion and I see Dr Sabins hand up we have been waiting to hear from
him

DR sABN Dr Habel and Dr Koprowski have just taken you on a journey
mtroductng you to many so-called attenuated viruses T hope I may be for
guven for extending the journey a httle bit and introduce you to what I
might call seemingly avirulent type I type IT and type III poliomyelitis
viruses which we have only just recently succeeded 1n producing by a pro-
cedure quite different from those which have been mdicated here The
procedures by which attenuated viruses have been obtamned before depended
predommantly on mtroducing the viruses to an unnatural host and keeping
up the serial passages with the hope that ultimately the vanant virus would
completely overgrow the ongmnal virulent virus This seems to have hap

pened with the 17 D strain of yellow fever virus Both Dr Kkoprowski and
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Dr Habel have said that it 1s not at all certam that 1t has bappencd with
the others and one of the reasons for that may be that one has depended
on complete overgiowth Now that may occur by chance but no attestion
has been pmd to the fact that there can come a time when the avirufent
particles so greatly outnumber the virulent ones that the sunple termunal
diluton techmque mught give you progeny which are avirulent This 15
precisely what we have done with the poltomyehtis viruses We have not
used different hosts but rather we wanted 1o sce if using the tissues of the
same host we could achieve this transformatron The virulence for ¢yro-
molgus monkeys was transformed by propagation of the virus i cynamolgus
ussue First it was shown that virus grown 1n cynomolgus kidney tissue dd
not change 1 virulence when the progeny of smgle or small numbess of
particles were repeatedly used for passage On the other hand when the
multiphcation was stepped up by making rapid passages with Jarge yaoculs
of the carliest progeny to emerge i kidney cultures we obtatned what ap-
peared ta be mixtures of viruleat and aviralent virus When the titrations
were done with this type of mixed virus some monkeys rematned pef
fectly well and others became paralyzed At one stage the mixtures were of
such a nature that we couldnt separate the virulent from the awnulent
particles by termunal didution Fmally the avirulent vanety—and let me calf
1t for the moment seemungly avirulent—overgrew the others so that with
the Mahoney wirus with the Leon wirus and with the YSK wirus we hate
now obtamed vanznts which muluply to the level of 107 to 10% issue oo}

ture doses m cynomolgus kidney tissue culture but produce nerther climest
nor listolog, d of p y m lated imtracere

brally with any dilution of the wvirus I say they are scemmgly avinulent

1 cannot say at this moment whether the punfication that has been achieved
15 sufficsent but forther work 1s 1 progress on this All that I can say 15 that
they are highly g 1m that body 15 produced not only sfter
wtracerebral but also after imtramuscular and after oral admumstration 1
thisk that some of the problems Dr hoprowsk: posed for us wath otbes
viruses witt now have 1o be faced more defimtely an pohomyehus

DR O sussman (New Jersey State Department of Health) I would hike 10
ask Dr hoprowski if 1n the studies that they have made whether they hae
attempted at all 10 determune what the normal smfective dose 15 3 a dog
with respect to rabies ‘That 1s the mummum dose that on a feld tnal weoyld
actually cause them to come down with rabies The question L ask 15 dieceted
1n that manner because § would ke to know whether the safety foctof
which might be present in some of the vacemnes which are not attenuated
put are hlled as Dr hoprowsht indicated would not actually from the
standpomnt of the normal infective dose as received by a dog on the steest
protect 10 2 great enaugh extent so that we wauld not have to take the
hazard of going to an attenuvated vaccmne which may pechaps revert
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DR KOPROWSKL Iu reply to Dr Zewclus I believe I stated that the hog
cholera virus was passaged five times without changing 1ts charactenstics
As regards Dr Sussman I am not sure I understand the question clearly
Does he mean what 15 the dose of fixed virus which would still infect the
dog? Or does he refer to street virus? Perhaps if he will clanfy his question

I may be able to give the answer It 15 impossible to titrate street virus m
dogs with vaformly lethal results Tn our expenience we have rarely seen
an expeniment in which—when we injected the 104G suspension of salwvary
glands of dogs infected with street wirus contaming about one mllion m

fectious mouse intracerebral doses—100% of the dogs were brought down

Therefore I could not give an accurate answer
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Dunng the past two decades knowledge of the basophilic large ele
mentary body viral agents which undergo a developmental cycle m the
cytoplasm of cells derived from either entoderm or ectoderm has accrued
atan pace These occur naturally 1n frank clinical
or latent infections 1n birds and mammals (Fig 1) Infections of awian
species may be passed to man mn whom they may take several chimcal
forms Furst recognized in the rarer less known more lethal forms epi
demrologically attributed to exposure to parrots as early as 1879 the in
fective agent 1solated 1 1930 1s now called the psittacosis virus With the
discovery of other amimal reservoirs and extension of the host range
additional viral agents and h
from the psittacosis agent have been isolated The most important exclu
swvely human parasite of the group on account of its cosmopolitan distri
button and 1ts mayor public health 1s that of 1
venereum Its to the p virus was d between
1935 and 1942

The psittacosis agents have been held responsible prmeipzlly for pneu
moniis but atypical and p: Iy latent human are more
common than 15 generally realized The portal of entry m most human 1n
fections 1s the respiratory tract Dust infected by dried bird droppings 1s a
frequent vehicle but mfection may be contracted by handhing or even by
bemg bitten by diseased buds ' 2 The lymphogranuloma venereum
agent 1s transmutted venereally and the disease 1t produces 1s a disease
prmarily of the gemtal and anorectal regions but central nervous and
ocular mfections have occurred Other members of the group to which
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Classes and Orders of Birds and Mammals
in which Vienses of the Psittacons Group Have Been Found*

Class dves
Orders
Procellaruformes (1) Fulmar {L)
Ciconuformes (1) Egret (Egrelta candissime cundissima [Gmelin))
Anseriformes (1) Domestic mallard (L}
Galliformes (2) Common fowl tuskey (Veleagns gallopavo)
Charaduformes {2) Willet and American herring gull
Columbiformes (3) Tame pigeon nng turile dove and bleeding heart dove
(Galls cotumbra cruenta {Gmelin])
Psittnciformes (31) Parrots parakeets and parrotlets (See Meyer 1918}
Passeriformes (14) Finches and sparrows
Frngilidae (7} Finches canary and tmouse

Class Mommalia
Orders
Primutes Man
Ungulates Rumnants {2) Calf and sheep
Carnivores (1) Domestic cat
Rodents Mundae (2) Laboratory mouse hamster
Warsupials (2) Opossum {Didelphis paraguayensis and Caluromys laniger)

Fic 1

man 1s the natural host are the viruses of incluston conjunctivitis and
trachoma
The members of this growing group of morphologically stmlar viral
agents are large enough to be seen wath the ordinary oil immersion miro-
scope when they are colored with Giemsa Castaneda or Macchiavello
stams They share a developmental cycle m which colontes packed wath
1 y bodies anse 1y by diviston of larger forms which 2p
pear first 1n the mfected cells All members of the group stmulate 1n the
infected host several types of antibodies of considerable use 1n laberatory
diagnosts At least two important antigens one labile and readily d¢
stroyed by heat (60 C) the other resistant to boiling!? 32 or even auto-
claving at 135 C 2 are demonstrable The labile component 1s destroyed
by phenol hydrochlonic acid or papain ** The heat stabile antigen 15
resistant to proteolytic enzymes but 1s readily destroyed by potassum
penodate at low concentration This behavior suggests that the heat stabile
antigen 15 a carbohydrate 2 Antibodies to these two antigens are produced
1n natural nfections Experimental meites of
additronal specific toxin and Infection neutralizing antibodies 1n readily
demonstrable quantities The heat labile and heat stabile antigens can be
detected by hemolytic complement fixation tests and can be differentiated
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by absorption ® By sself a positive serologic reaction 1s a group effect
and may result from infection by any member of the group Thss conclusion
leads directly to the and d ding early d

of these infections

Diagnosis of Psittacosis

Clincians of the peniod 1879 to 1895 did not hesitate to descnbe the
severe often fatal disease epidemic 1n househelds shortly after the arrtval
of parrots as pneumotyphus  They pointed out that this iilness of people
hving m otherwsse healthy surroundings mvariably comeided closely with
the acquisttion of sick parrots The early classical accounts of the French
chmcrans © List all the symptoms and signs observed m the most recent out
breaks From a purely clinical pomt of view the disease deserved the name
given 1t by Morange*® in 1895—psittacosts The term recewved ts strongest
support from the epidemiology and additional support from the patholozy
and since 1929 from the virology of this disease Duning the pandermic
of 1929 and 1930 and the years following 1t became apparent that definite
as 1s the chmical entity m man 1ts diagnosss 1n any one case or in any one
stage of such a case 1s difficult Most observers have become cauttous and
have realized that diagnosis must be dealt with tentattvely Clincians with
extensive expertence frankly state that the chinical mamfestations of psit
tacosis are not sufficiently charactenstc to enable diagnosis through them
alone 1n an 1solated case %3 Another group adopted an atutude m part pre
vailing today The clmcal picture 1s not sufficiently pathognomic to allow
diagnosis but given a history of association with sick birds diagnosts con
ditioned by expertence 15 not difficult 3¢ 7t Epidemiologic and viral studres
1 the past 23 years have fully established the etiologic significance of a
vartety of birds particularly parrots parakeets and pigeons It 1s justifiable
whenever the patient has been m contact with birds to be biased m favor
of the diagnosis of psittacosss when the chintcal picture pomnts that way In
fact m a recent analysis of some cases of psitacosis and pneumonta the
view was expresscd that 1n every atypical lung infection inquines about con
tact with birds should be made ' #* Nexther the physial examination nor
the roentgenogram of the Iung allows an unequivocal diagrosts particularly
when the almost and early of of
any acute respiratory mnfection may alter thc clinscal appearance The dea
that classical 15 and
a mortality rate of 20 per cent has been dxsplaced by the knowledge that 1t
1s probably more often a mild atypical ambulatory nfluenza like nfec
tion Acute infectious pulmonary disease called for want of a better name

atypical pneumoma unquestionably includes infection with members of
the group 18318763 Thig state of
affairs demands that a diagnosis be made whenever possible if spread of the
disease 15 to be prevented and 1f 1t 15 to be treated properly The attending
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Classes and Orders of Diurds and Mammals
1n which Viruses of the Patncons Group FHave Heen Found '

Class  4dves
Orders
Procellariformes (1) Fulmar (L)
Ciconiiformes (1) Egret (Egretta candissima candissima {Gmelin))
Anseriformes (1) Domestic mallard {L)
Gatliformes (2) Common fowl turkey (Veleagrs gallopavo)
Charaduformes {2) Willet and American herring gull
Columbiformes (3) Tame pigeon ring turlle dove and bleeding heart dove
(Gallt columbia cruenta [Gmehn]}
Pattaciformes (31) Parrots parakeets and pacrotlets {See Meger 1948]
Passersformes (14) Finches and sparrows
Fringithdae (7) Finches canary and titmouse

Class Mammalia
Orders
Primates Man
Ungufates Ruminants {2) Calf and sheep
Carnivores (1) Domestic cat
Rodents Muridae (2) Laboralory youse hamster
Warsupials {2) Opossum (Didelptus paraguayensis end Caluromys laniger)

Fre 1

man 1s the natural host are the viruses of inclusion conjunctivitis and
trachoma

The members of this growing group of morphologically simlar wviral
agents are large enough to be seen with the ordmary oil immersion micto-
scope when they are colored with Giemsa Castaneda or Macchiavello
stains They share a developmental cycle in which colonies packed with
elementary bodies anise apparently by division of larger forms which ap
pear first 1n the nfected cells All members of the group stimulate 1n the
mfected host several types of antibodies of considerable use in Jaboratory
diagnosis At least two important antigens one labile and readdy de
stroyed by heat (60° C ) the other resistant to boiing!t 12 or even auto
claving at 135 C 2 are d The labile P 15 destroyed
by phenol hydrochlonc acid or papair +3 The heat stabile antigen s
resistant to proteolytic enzymes but 1s readidy destroyed by potassum
peniodate at low concentration This behavior suggests that the heat stabile
antigen 15 @ carbohydrate  Antibodies to these two antigens are produced
1 natural Exp 1 neites of
additional spectfic toxin and infection neutralhzing antibodres 1n readily
demonstrable quantities The heat labile and heat stabile antigens can be
detected by hemolytic complement fixation tests and can be differentrated
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for antmal experiments by treatment with drugs 5 The mice may appear
sick within 4 to 6 days and die 1 or 2 days later with lestons of seropurulent
pentomts or focal pneumonia and viremta In the exudate of diseased
tissues typical elementary bodies may be readily demonstrable If the
exudate 15 bactenologically sterile 1t may be injected intracerebrally Fatal
supples m which the developmental
cycle of the viral agent can be c!early seen when statned properly It also
furnishes seed for propagating the 1solated viral agent in the yolk sac or
ammotic cavity of the embryonated egg Experience has taught that some
wiral strains free from bacterial contamnants may be directly adapted from
the bird host to the embryonated egg But prtmary enuchment of the con
centration of virus 1n mice gives greater assurance that the agent will be
wsolated from buman or bird sources contamning relatively httle virus than
does tmmedsate use of the embryonated egg When the virus 15 adapted to
the egg reapents for prepanng toxins or antigens for neutralization and
serologic tests are made readily available
Whether the virus will be 1solated depends largely on the avadability of
suitable specimens from infected human bemngs The outlook 1s not very
encouraging for several reasons Between 1931 and 1944 before chemo
therapy of respiratory infections became routine and indirect serologic
diagnosis was limited to one or two laboratories 227 specimens of blood
spumm or nasal washings denved from climically and epidemiologically

cases of were at the Hooper Foundation
In only 55 (24 per cent) was the virus 1solated This must 1n part be
to and to unproper preserva

tion of the specimens from the patients When the test material was collected
by the virologist from patients m the mmmediate viamty the virus was
1solated far oftener With the widespread use of chemotherapy and the gen
eral dishke of the cltician to be bothered with proper collection of suztable
specimens early 1n the acute disease the percentage of 1solations dropped
toa low level

Between 1945 and 1953 481 spectmens from chmcally and subsequently
serologically proved cases of psittacosis were examined and only 23 (4 7%)
Yielded a viral agent As a rule the specimens were collected and shipped
correctly but with few was not untd after
chemotherapy had been wnstituted Althcugh m untreated pattents the virus
may be found i the blood duning the first 2 weeks of an attack even m
ambulatory muld mfection rarely 1s an effort made to collect a spectmen
of blood aseptically before treatment 15 started In throat washmgs sputum
and vomitus the virus 15 demonstrable up to the 26th day of the disease In
2 chronte case 1t had been 1solated from the sputum 1n the 8th year after a
severe acute attack treated only with convalescent serum 4

Suce etiologic diagnosis not subject to difficult nterpretation can be
made through 1solation of the virus every effort must be made to combat
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physician must study the patient susp d of having

1 lly r 1 lly and epid; 1 {ly—and irresp of
a tentative diagnosis must collect a specimen of blood aseptcally for
eticlogic diagnosis

The recent reports that an enlarged spleen 1¢ a helpful diagnostic sign
chinically and pathologically deserves careful mvestigation € An mcomplete
survey of the clinical aspects of psittacosis lends only partial support to the
contention that a palpable spleen 15 diagnostic The study by Sturdee and
Scott™ dealing with about 80 cases 1n England found only 2 cases mn which
the spleen was palpable One of these 2 cases was fatal The German histo-
ries suggest that the spleen may be enlarged temporanly but 1s not as a rule
palpable or that the enlargement may be moderate and soft 2 272847 Data
on the gross findings 1n the spleen were available 1n 39 of 52 fatal cases
of psittacosss described by Lillie 38 It was defimtely enlarged m 27 cases
and shghtly enlarged m the remammng 12 The maximum weight was 400
g 1 one and was estimated at 560 g i another In 11 cases the spleen
weighed over 160 g while the others not weighed all probably weighed
more than that So the pathologist has recognized this mamifestation but
its sigmficance as the most distinctive climcal sign deserves further ap
prasal Patients must be exammed every day to detect this because 1t may
be present only for relatively few days and could therefore be easily missed

Careful detailed chnical study 1s imperative because the laboratory pro
cedures now available rarely permit of early diagnosis i the true sense of
these words Blood specimens are almost never collected before treatment
1s begun so diagnosis 15 and 1 the future will be largely based on mndirect
serologic evidence Since the virus 15 so mfrequently isolated dunng the
acute disease the physician will be forced to interpret the Jaboratory report
1 the hght of clinical evidence The difficulties stemming from neglect of
this aspect of the d of p are elog m the p d re
ports
Proof that a certamn illness not necessanly a respiratory disease 1s caused
by a stram of psittacosis or ormithosis virus rests on fulfilling the followng
aterta (1) The viral agent must be 1solated duning the acute or even the
chromic phase of the disease or at autopsy (2) Complement fixing aggle
tinating or neutralizing antibodies should make their appearance dunng
convalescence or more certam the titer of these antibodies should nise dur
1ng recovery (3) The pathologic anatomical and experimental examnation
of diseased or dead birds 1n the patients environment must reveal this
agent The techmecal procedures for fulfiling critena (1) and (3) are
ammal expenmentation and rdentification of the virus

Ammal Expennments Blood sputum throat washings vomitus or emul
sions of organs suspected of carrymng the psittacosis vurus are for primary
isolaon mjected p ly and lly mnto mice Specimens
of sputum Of 07gans contamnated wath bactena may be rendered switable
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fatat to mice when a 20% suspension of tissue from psittacine birds turkeys
Or egrets 1s mjected mtrapenitoneatly In contrast pigeon duck and chicken
strams rarely produce death of mice when introduced intraperttoneally the
mice may however harbor the virus in the spleen or 1t may induce severe
infection with extensive peritonttis 2nd a mortality rate of 10 to 25% be
tween the 8th and the 20th davs
Sigmificant are pathogementy tests on birds  All avian strains are patho

gentc for nicebirds ¥ xcept for one mouse pneumonitis strain no mam
malian stran 1s pathogenic for parskeets ricebirds pigeons or doves
Psittacme strains are rarely fatal to pigeons on intracerebral noculation
while all prgeon and some duck and chicken strasns produce fatal meningitis
in pigeons The egret stram 1s fatal only to doves and rarely to pigeons
when given mtracerebrally

Such tests make valuable distinctions between stramns from birds and
mammals

The b that some strans are for man 15
ndicated by the rather frequent of if fixing antib
with psittacosis antigen 1n sta 1 and sheeph

(5 Tor Town Action Infected yolk sacs hrvested shortly befate death
after draming off excess yolk and difuting in phosphate buffered gelatin
solution are highly toxic on intravenous 1noculation of mice weighing 10
to 12 gm In difutions of 1 320 the induced mfection may be fatal n 48
hours  Amimals snocutated with the toun of some straws 10 a dilution of
1 800 may die within 5 days after having been lethargic and breathing
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the prevailing 1dea that the complement fixaton test accurately confirms the
chimeal diagnosis of psittacous Physictans should be advised to collect an
additional 5 ml of blood aseptucally at the time they draw a sample for the
customary serum tests if they have reason to suspect psittacosis The reasons
for this insistent request will be apparent when the value of the complement
fixation reaction 1s drscussed later

Viral agents associated with pigeons ducks and chickens rarely produce
fatal nfections m mice by the mtraperitoneal route so suitable prepara
tions for microscopic confirmation must be obtamed by mtranasal or
tracerebral mjection

Many strains are of low virulence or are present m only small amounts
m the blood or excretion of man Amimal experiments may therefore require
more than 14 days for completion Exudates derived from the pencardial or
atr sacs of birds dead from psittacosis or ormithosis are usually nich mn viral
elements They can be readily seem mucroscopreally or they produce m
mice a fatal pneumonta or menmgrtis within a week to 10 days

Most virus laboratories consider that the large virus elementary bodies
varying in diameter from 200 to 450 milltmecrons and forming basophilic
cytoplasmuc inclustons several microns 1n diameter to be a virus belongieg
to the psittacosts group when they react in the complement fixation test
with an immune serum contaning specific antibodies There may be no
reed far further wdentification and differenttation of the individual virus
when the blood or sputum of the patient contans the agent isolated from
birds with which he had had contact

The animal experiment has ane great disadvantage It exposes the labora
tory worker to the risk of mfection This risk 1s greatly reduced when
mce are used for diagnosts rather than psittacine birds as was recom
mended 1n the early days by psittacosis research workers who were not
aware that these birds are frequently spontaneously infected

The simple pathogenscity test in mammals and birds may give supportive
evidence that the agents from the two sources are 1dentical If on the other
hand the bird reservorr or the source of the human mfection 1s not known
(for example 1 pneumomtis without known bird exposure) but the
sputum or autopsy lung tissue contains a psittacosss hke virus clarification
may have more than academic interest Until quite recently the value and
dependability of the techmques of 1dentifying and classifying members of
the psittacosts group were in the realm of snvestigative research ‘With recog
nttion of the wide distnibution of these agents 1 mammals the need for
more defimte diff became urgent Four basic tests
have been developed to identify the members of the group (Fig 2) They
will 1n time probably form a part of early diagnosis

1 PATHOGENICITY TESTS (@) For Infectiity on Different Species of
Anumals Usually all strains derived from birds or mammals readily infect
mice when these stramns are mtranasally instilled Infections are regularly
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and from 14 to 64 per cent of those infected with mammaltan strams sur
wived challenge Guinea pigs surviving infections with the egret stram were
completely resistant to intraperitoneal challenge with the turkey stram
which induced death 1n control animals it 4 or 5 days On the other hand
depending on the host ongin of the mammaltan strains used to 1mmunize
gumea pigs resistance to remnfection with an avian stram has vaned from 20
t060% These observations must be considered senously 1n evaluating cross
immumity tests as a bass for classifying members of the psittacosts group

3 COMPLEMENT FIXATION TEST Direct and indirect complement fixa
tion tests using yolk sac antigens prepared with avian or mammahan strams
and cross titrated agamst antisera from birds or mammals with spontaneous
wfection or from gumnea pigs or roosters immumzed with different strams
do not distinguish individual strains  They reveal a serum reaction to the
entire group and thereby furmsh conclusive proof that an infecting agent
belongs to this group All strams studied have crossreacted in this test

4 TOXIN AND VIRUS INFECTIVITY NEUTRALIZATION TESTS In the ongt
nal studies by Rake and Jones®®® the toun produced by certain members
of this group m the yolk sac and lethal for mice on mtravenous moculation

were by h antitoxic sera Only homolo
gous toxin and antitoxin muxtures of the lymphogranuloma venereum or
felme or mouse viruses Another

analysis of 27 strains by the toxin neutrahzation test failed to indicate hugh
stramn specificity but the strans were arranged m six distinct groups * In
a more detailed study of such tests at the Hooper Foundation not only the
toxin but more specifically the viral infectivaty was strikingly neutrahzed
‘When homologous toxic virus serum mixtures i Proper proportions were
1jected 1ntravenously as a rule 80 to 90% of the mice survived at least
48 hours In the followmg 8 days a variable percentage mever exceeding
50% succumbed to mnfecton Mice surviving 30 days usually proved to be
free from latent carrter stages The average hypermmune rooster serum
prepared to date was able to render approximately 100 000 000 elemen

tary bodies nomnfective The protection was highly specfic for certan
stramns and several serotypes were 1dentified consistently (Fig 4) A serum
prepared wath a pigeon or duck stram protected agamst the toun action of
parakeet strains but 1t specifically neutralized the viral elements of the
homologous strains and those 1solated from the same avian species Excep

tions were noted (1) An antiserum prepared with a parakeet strain had
2 neutralization spectrum that mcluded viruses 1solated from not only par

Tots pigeons and ducks but also egrets and turkeys (2) A serum spearfic
for two duck viruses sometmes failed to neutralize the stram obtamed
from the same host of another region (3) A feline pneumon:tis antiserum
prepared with a California stram specifically protected agamst the Baker cat
stramn with Little or no coreaction with avian stramns (4) Equally specific
was the serum prepared with the ewe abortion stramns The bovine enceph
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with difficulty The ears paws and tails of those surviving 72 hours are often
deep red The stnking capillary ddations in the skm and 1 part also i
the viscera are associated with hemolysis of erythrocytes and are usually
observed when the highly toxic agents are tested by the intravenous route
In rare wnstances fading of the redness of the ears heralds recovery but the
mice may be found to be carriers when sacnificed 4 weeks after the mfecting
njection

The death curves of several strans of psittacosis virus that produce potent
toxins are shown 1n Fig 3 The two phase curve illustrates the deaths due
to intoxication within the first 48 hours of inoculation and later those due to
the nfective viral particles The toxin 1s bound to the virus particles

2 CROSS IMMUNITY TESTS Subcutaneous inoculation of mice once of
several times with sublethal doses of live viral agents of this group or with
large doses of killed virus and subsequently chall with 1
or heterologous stramns may disclose resistance or lack of rmmunity to cer
tain stramns While definite cross immumty 1s evident differences corre
sponding roughly to those reflected n pathogenicity tests become apparent
A weakly virulent stram and tts related types creates immumnity agamst ooly
homologous challenge A highly virulent psittacine or pigeon stramn may 1n
duce a varable resistance against every strain thus far tested The so-called

memngopneumonitis virus  protects completely agamst the weakly patho

gemc opossum virus and this n turn protects agamst only homologous
challenge %3

Guinea pigs surviving with avian or stramns mdt
cated by complement fixing antibody titers have resisted severe chal
lenge (10— ) with Lowsiana (Borg)®s 58 or egret (S E 45)% strains given
intrapenitoneally From 71 to 100% of ammals mfected with avian strains
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must be made clear Only an antigen prepared from a yolk sac infected with
a known psittacosts strawn should be used An antigen prepared from fertile
eggs infected with the h virus or the
Lygranum must not be subsututed for a specific psittacosis antigen Some

evidence of this 1s presented in Fig 5

Among 9 sera of chinically and epidemtologically proved cases of psit
tacosis with 1solation of the virus 1n one the coreaction of 5 sera i the
presence of a potent
anti_en was much weaker than that with the pslttacosxs reagent The sero
logtc diagnosis of 3 would have been classed as doubtful 1n fact in one
1t would have been missed entirely Even more discopcerting 1s the comparnt
son of 80 sera all positive 1n the presence of the pstitacosis antigen with
both tests Exactly 50 per cent would have been reported negatwve had the
commercial Lygranum served as the test antigen in the dilutions mdicated
on the vials In recent years the quality of Lygranum has been 1mpmvcd
but the absence of Virus lat d with
the quantitative psittacosts complement fixatton test must use potent specific
reagents not Lygranum

Although the complement fixation test with cocto antigens has been
widely used mn the diagnosis of human avian and mammalian mfections
published records on systematic studies m the course of a proved psit
tacosss infection are quite hmited The avarlable data were collected before
effective chemotherapy was known

QUANTITIVIVE COMPLEMENT FIXATION REACTIONS
SERA OF PSITTACOSIS AND LYMPHOGRANULOMA PATIENTS
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PERCENTAGE SURVIVAL OF MICE INOCULATED INTRAVENOUSLY
WITH PSITTACOSIS TOXINS ~ANTISERA MIXTURES
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antiserum p against inf with the ewe abortion
virus as well as 1t did agamnst the homologous virus The town and vira!
15 of value n distmguishing the avian

Ly

from the mammahan strains

The demonstration of specific serotypes characteristic for certain mam
malian and avian strains encourages the behef that in tme a few typing
sera may be selected that will permut quick and ready classification of the
members of the psittacosis famiy The presently available sera may uot
reflect the exact source of mfection of a human pneumonttis virus when
contact with diverse avian species 1s suspected Whenever practical recently
1solated strams from human [ should be i to y
tion tests

The Complement Fixation Test By 1930 Bedson and hus colleagues™ ¥
had shown that the serum in psittacosis reacts specifically m the comple
ment fixatton test when brought tn contact with mfectious mouse spleen
suspeastons  Subsequent studies by this worker®? definstely proved the
usefulness of this test i the early di of p Prep of
stable antigens i adequate amounts offered some difficulties unul cvltutes
of the virus 1n Rivers L1 medium on Zinnser s solid medtm*® and subse
quently antgens prepared with the yolk sac by centrifugation and boiling®
were adopted Other antigens such as allantoic fimd from mfected fertile
eges have occastonally been used but the techmcal procedures are naw
standardized to use of botled or phenol treated yolk sac antigens One pomt
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HUMAN PSITTACOSIS INFECTION PIGEON EXPOSURE

P T P )
H s:l e
. o w (hesbe of Senes)

W AN

Fic 7

blood corresponded to that of the stramn used 1n the blender In both groups
an epidemiologic feature rarely emphasized was the short duration of ex
posure to the agent Patient M H wisited a room contaminated with the
virus for only an hour Patent M S remaimned for § munutes 12 2 room
where an autopsy on a pigeon was 1n progress As might be expected from
previous expentence the course of these infections varied fmm very mlld
to severe Defimite were d
the roentgenograms of 5 of the patients Despntc these Jesions the course cf
the 1liness was mild and atypical as was that of another patient with no
evidence of Six patients in the two
groups received penicillin 1n dn]’ucm amounts and for different periods
Recovery was uneventful and complete
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Pertinent to the problem of early diagnosis of psittacosis are the histories
of 7 patients under constant supervision of workers fully farmiiar with the
disease (Figs 6 7 and 8) Isolation of the virus from the blood and m 2
cases also from the sputum erther confirmed the clmcal dragnosis or proved
that an indefimte sliness with or without respiratory symptoms was psitta
cosss The source of the mfection 1 4 cases was unquestionably pigeons
The viral agent tsolated from the blood and sputum of the patients corre

ponded m the path y test to that ot d from squabs with which
they had been 1n contact The viruses in these cases had the characterstics
of strams denived from pigeons The source of fection of the 3 other
patents was not defimtely determined, but the aerosol created by a Jeakng
Warng blender m which yolk sac matenal heavily infected with a parakeet
stran 15 suspected The behavior of the virus ssolated from the patrents

HUMAN PSITTACOSIS INFECTION PARAKEET EXPOSURE

F10 6
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COMPLEMENT FIXATION ON HUMAN PAIRED SERA
PSITTACOSIS ANTIGEN
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166 specimens submutted consisted of paired sera Among these 47 1n which
both acute and convalescent serum was tested 11 25 the titer rose sig
nificantly (Fig 9) Nerther the card requesting the examunation nor the
subsequent letter of confirmation furmshed adequate information con
cermng the day of iliness on which the first serum specimen was collected
The mterval between the collection of the two specimens 1s known With
{ew exceptions within 7 10 12 days the ter rose 2t least four 1o exght fold
In some cases the nse appears to be more gradual If the titer had already
reached 1 32 or 1 64 i the first sample the nise by the 30th day was
usually enly two fold In exceptional mstances the rise was instgrificant
on the 12th day but had become diagnostic by the 30th day The data
confirm previous expericnces—the titers rose withm 10 to 30 days of
convalescence it patients subjected to specific chemotherapy and this con
firmed the clmcal diagnosis 4467 Mareover m shghtly over 50% of the
cases the diagnosis could be made within 10 to 14 days after the onset

At the present the complement fixation test conducted with antigens of
umform potency on acute and convalescent serum 1s the only quick and
simple means avalable for making an early dragnosis of pstitacosis A
diagnostically significant titer may not be reached until the 30th day of
convalescence The antibodies may persist for weeks even years after
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Antbodies reacting 1n the complement fixation tests n diluttons of 1 2 to
1 8 were present m the serum of the blood specimen later proved to contain
the psittacosis virus 1t 6 of the 7 cases The titer was 1 32 on the 8th day
after onset of fever and chills in 1 case Since the day of exposure 15 known
and 19 days elapsed between the contact and the first symptoms 1t seems
likely that the d for several days before the
onset of fever The extent of the pulmonary lesions on the 8th day of illness
supports this 1dea The antibody titer of 1 32 reflects that infection was 1
progeess on the 12th ta 14th day A four to eight fold wncrease wm antibedy
titer was mvarsably reached by the 20th day of illness particularly if the
patients did not recerve penicillin untit the Sth or 6th day of therr 1llness
There 15 some evid that early body formation
but the sluggsh rise 1n titer 1s probably not cnmely attrxbulable to treat
ment The same trend has been observed m untreated patients 4 The Jevel
of antibodres usually reached its highest point around the 30th day

Unfortunately systematic studies on patients treated with aurcomycin of
terramyem are not yet available One must depend on observations on
patients considered to have psittacosis because they had been exposed to
sick parakeets or mfected turkeys and because they manifested chinical evi
dence of the disease No effort was made to 1solate the virus Most of !he

patients had been treated with The p who
these specimens 1nfluenced by reports on the mcreased frequency of psit
bi of d labora

tacosis due to the wide d
tory assistance during the early months of 1953 Only 47 (35%) of the
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fusing because over 40% of the sera gave posiive Wassermann and
hahn reactions Although the complement fixation test with  Lygranum
may provide a lower percentage of reactors than the psittacosis antigen
there 1s o certainty that the titers do not merely represent group reactions 5

Recently an entirely new aspect of this test came to hight The accidental
discovery of pulmonary brucellosis prompted adophon of wrorthodox
methods of mvestigation at the Hooper Foundation Instead of accepting
the request of the physician that the serum be tested for antibodies agamnst
the disease noted on the accompanying cards tests with a battery of antigens
are run The first starthing observation was In a case of febrile pneumomtis
mdicated by cough and blood streaked sputum 1 a young Negro em
ployed as a slaughterer The tentative diagnosis was psittacosss since the
complement fixation reaction 1n the presence of the psittacosis antigen was
positive 1n a drlution of 1 64 wath the lymphogranuloma venerewm antigen
1t was 1 16 and the Wassermann and kahn reactions were negative When
the titer m the agglutination test with two brucella strams was 1 320 diag
nosis was pursued further Sputum specimens were fested intranasally on
mice Brucella sus mot the psittacosis virus was 1solated from the hungs
of the infected mice The correct drag was with p 'y
comphcations The positive complement fixation reaction vwath the psit
tacosis antigen was considered anamnestic of a previous probably latent
fection with a member of 1the psitacoss group possibly of mammahan
ongm

In another case the ongnal climcal diagnosts of psittacosis had to be
changed to brucellosis because the psittacosis complement fixation reaction
was negative and brucella and fixing bod:
rose steadily

Five patients with clmieal diagnoses of leptospirosts because they were
sufferng from 1cterus and hepatic disease and two had enlarged spleens had

for the usually wm the United States

All had Rowever either a lueh or nising psittacosis complement fivation
titer On inquiry 1t was learned that 2 had had defimite contact with birds
and both mfections responded to pemcilln therapy Another had had
lymphogranuloma venereum and 2 others gave on further questmmng a
hustory of hver disease Recent of the p
has evidently focused the physician s diagnostic thmkmg on t}us mfection
He must be careful to avoid being musled by the present populanty of
leptospirosts

It 15 disconcerting that these observations support the repeatedly ex
pressed view that psittacosis may masquerade under 2 diversity of chnzcal
symptoms and only careful laboratory studies may furnsh an accurate
etiologic diagnosis

Finally on several occasions a dragnosis of Q fever has had to be cor
rected n favor of psittacosts becanse of a rise in specific antibodies and an
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unireated psittacosis * A few observations indicate that after chemotherapy
the persistence of the antibodies over long periods 1s less frequent The his
tory of a chronic carner of the psittacosis virus 1n the respiratory tract with
a complement fixation titer of 1 256 for 8 years * supports the view that
the complement fixation reaction may be a true indication of the presence
of the virus 1 the host tissues and might be useful in the evaluation of cure
of the mfection

There should be no need to emphasize that a single positive complement
fixation reaction is not diagnostic Agents capable of eliciting such anti
bodies are ubiquitous and these antibodies may perstst In reported histonies
of suspected cases of p the d 1 fessly dis
mussed with the information that the complement fixation test was positive
for the psittacosts lymphogranuloma venereum group Too often neither
the titer of the reaction nor the day on which the serum sample was drawn
1s mentioned Too often only one report 1s given Physicians must appreciate
that a positive serologic reaction 1s a group reaction and that titers of 1 16
or Tugher may result from latent mfection wath any member of the group
A good example 15 set in the report of a seres of cases of atypical pneu
moma tn West London a titer of 1 160 or lower was ignored if there
was no other evid; of 16 The lat y can do no more than
report the complement fixation titer and leave the interpretatton to the
physician At best a single complement fixation reaction m a titer of 1 64
or above 15 suggestive only that the patient 15 or has been nfected with 2
member of this group but that the rliness at hand 1s not necessarily psit
tacosis

The complement fixation reaction may be used for surveys if its ltmita
tions are appreciated In an at random sample of 455 sera from persons not
clincally infected with any member of the group 10% had a titer of 1 8
5% of 1 16 15% of 1 32 and 1% of 1 64 There was no sigmficant dif
ference between the titers of a group of about 100 mmates of an asylum
who had had no opportumty for contact with birds for at least 5 years
These observations were made i Holland where Jymphogranuloma vene
reum 1s very rare 17181 Sumlar findings have been reported from other
countries In Denmark for example of 132 sera from 116 patients recenved
for cold agglutination test presumably because of atyptcal pulmonary dis
ease 5% had a titer of 1 15 3% of 1 30 4% of 1 120 3% of 1 480
and 1% of over 1 960 € Sera of caretakers in zoological gardens or owners
of aviaries or wnfected pigeon flocks may yield titers of 1 16 or even 1 32
without any history of mfection 43

Occastonally the magnitude of the titer may be correlated with the length
or intensity of exposure to infected birds For example some workefs who
had eviscerated pigeons for over a year have had statronary titers of 1 64
and above Of limited sigmficance are serum surveys of Negroes working
on poultry farms "The results and therr interpretation were particularly con
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cordance m 13 patients '* More recently by removing the group antigen
through chemical treatment with potassium periodate or ddute acids
preparations have been obtaned that eliett positive specific or largely
specific allergic reactions 345 In fact mn patients with lymphogranuloma
venereum only the homologous extract elicited a defimete response In 1 case
of psittacosts the use of an acid extract was equally specific Thus there 1s
good evidence that acid extracts give specific reactions when ijected 1n
tradermally to human beings infected with viruses of this group

Durning the past few years however three reports by Brtish clinicians
lend little support to this hope Of 3 patients with psittacosis only 1 had 2
Ppositive intradermal reaction with the Fres antigen on the 42nd day of
convalescence ' 3 Three specific antigens were tested on 2 patients with
Proved puttacosss due to contact with a sick parakeet one gave a positive
1ntradermal reaction only with the ormthosis antigen on the 30th but not
on the 35th day of hus illness The test with the Frer antigen was negative
m this patient but 1t was positive i the second patient when tested on
the 54th day of convalescence ! For the present the reported facts can be
regarded as nteresting perhaps suggestive but since the nature or origin
of the ormithosts antigen 1s unknown one cannot draw any further con
clustons Certamly many more tests with specific antigens must be made
before an opinion skin asa sign 1n psit
tacosis can be formulated Itis evident now that (1) the intradermal test 1s
not sustable for early diagnosis and (2) sensitivity to presently available
antigens occurs far too o be dependable While skin
as a rule develops in paunents with lymphogranuloma venereum the more
acute pature of psittacosts which may be rapidly terminated by modemn
chemotherapy may be responsible for the wrregular appearance or lack of
allergy Unul the properties of the specific skin reactive antigen particularly
its relation to the specific toxc factor of the different members of the
group are defined the skin test
Temains as a subject for further investigative research

of Lymphog: V

The literature on the clinical aspects of lymphogranuloma venereum and
on the exact value of the different laboratory diagnostic procedures is
already quite Tt would be to anempt detasled
analysis The climcal course of this mnfection rarely calls for an early
diagnosis The presentation that follows 15 concerned with the laboratory
favestigations to aid the chimician n diagnosing nfections with this virus
about whtch he 15 m doubt

Microscopic Examumation and Ammal or Egg Inocslation

Microscopic examnation of bubo pus may prove useful but as a rule 1t
’s difficult to recogmize the elementary bodies with any degree of certamnty
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absence of antibodies for Q fever It 15 recommended that other virus labora
tores follow the procedures outlined and make available their findings 1n
order that the it d! of p may be better understood

Search for More Specific Diagnosis The serologic specificity of the direct
and mdirect 1 fixation 1 pl absorptton
hemagglutination nhtbition and neutralization tests has been explared
Group specificity has mvariably prevailed and the few mimnor antigenic dif
ferences have rarely been great or constant enough to be of practical
value ° 7 Limited progress has been made by removing the group antibodies
by absorption with the group antigens If a complement fixation test is
made with such an absorbed serum and fresh unheated lymphogranuloma
venereum virus as antigen instead of the usual boiled antigen the reaction
becomes specific Cross absorption tests have shown that the labile antigen
in the lymphogranuloma venereum agent the virus of enzootic abortion
meningopneumonitis and other members of the psittacos:s group are
specific 13 45 66 Whatever combination of serum and heated virus may be
used for absorption the antibody only to the unheated } sus
penston 1s left

For the study of umidentified viruses the value of sera absorbed with
heated virus 1s unquestionable but 1t 1s hardly suitable for routine use The
amount of specific antigen m freshly made suspensions of unheated active
wiras 1s unpredictable Routine virus laboratories should not be enconraged
to use live virus as antigen The nisk 1s too great 7 73

A more promising technique of seccuring specific antibody reactions has
not been explored as vigorously as hmuted observations warrant 8 7%
Formahn killed punfied and concentrated suspensions of elementary bodies
prepared from allantoic fluds or even yolk sac matenal are specifically
agglutinated by sera of chickens mjected with unheated viral matenal It
would apparently be rewarding to mvestigate the specificity of the agglu
tination reaction Production of potent antigens m amounts adequate to
meet the requirements for daily routine use might at first offer some prob
lems The complement fixation test with boiled antigen mught serve as 2
screen the mvestigator bearing mn mund that the group specific reactions
must be mterpreted with other findings

Stan Sensitivity Tests Since 1t was demonstrated that the heat stabile
antigen of the psittacosis agent provokes allergic reactions m sensttized
gumnea pigs and rabbits °2 % few observations on ntradermal tests on
patients have been reported The Fre test with the yolk sac antigen may
be posttive in patients with psittacosis © and the psittacosts antigen pre
pared m 2 sunilar manner has given strong reactions mn patients with
lymphogranuloma venereum %% Parallel mtradermal tests with steamed
Iymphogranufoma  venereum and psittacosis antigens on patients with
iymphogranuloms venereum furmished s might be expected sce the
effective antigen 1 both would be the group antigen considerable con
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Complement Fixation Test During the past 15 years attempts have been
made with eq ] results to ! fixing
1o sera of patients with lymphogranuloma venereum ustng antigens varying
1n potency according to the amount of virus present With the mtroduction
of yolk sac antigens extensive serologic nvestigations were carried
out 195 5968 The cntena established for the serologic diagnosis of an nfec
tion with any member of the p lymp 1l group
namely a sigmificant rise in antibody titer can rarely be met Most patients
with this disease are first seen 1n the secondary stage of the mfection when
ingamnal ademtis draws attention to the infection and by that ime antitbody
formation 1s wsually well advanced Other patients particularly women
become aware of the infection only when 1t has reached the tertiary stage
and usually rectal lesions draw attention to 1ts presence Only rarely 13 1t seen
early enough so that formation of antibodies can be followed The mvestt
gator therefore rehes on a single observation As would be expected non
specific reactions have occurred 1 patients with upper respiratory tract
mfections © ¢ A purely d of h by
means of a stngle test with Lygranum 15 not possible # Unless there are
chipical mamfestations a titer of 1 32 merely indicates recent mfection by
some member of the psittacosts group

Recent extenstve and detailed independent mvestigations with standard
1zed antigenic procedures by many workers?3 2038 T 77 justify the conclusion
that 1n a patient with symp of h a titer of
1 32 or 1 40 or higher 1s beyond the range of nonspecific effect and mnd:
cates actwve mfection The complement fixation test 1s more specific than the
mtradermal test Furthermore the published data indicate that complement
fixing antibodies develop before the Frex test becomes positive but the latter
test may remarn so for many years Both tests must be carrred out m cases
of susp um because the serologic effects of
intensive therapy are not known The titers of repeated samples may cover
awide range and 1t 15 very difficult to assess how far this may be due to
mtensive therapy Observations on experimental infections clearly show that
1f the treatment eliminates the virus the fall 1n tter 15 stnkmgly discern
1ble ™ The complement fixation test 1s useful not only mn diagnosss but may
2lso prove of value 11 determiming the effect of treatment on the mfection

Attempts of Bedson Barwell and their associates to devise a more specific
test by absorbing the group antigen from the sera and to use live unheated
antigens have already been described and the disadvantages have been dis
cussed It 15 approprrate to repeat again and agam that in its present form
the complement fixation test for lymphogranuloma venereum with the heat
stable antigen cannot with any degree of confidence be used to screen pop
ulation groups to gauge the mcidence of this infection The greater incidence
of reactrons to a titer of 1 40 or higher may indicate latent infection n the
Negro population * but the fairly large number of positive reactions 1 pa
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unless they are numerous Microscopic study of biopsy matenal from the
granulomatous lesions furnishes worthwhile information as the description
of the histopathologic changes by Smuth and Custer? indicate  Stellate
abscesses and suppurative granulomas are characterstic of the discase but
not pathognomonic Microscopy then 15 of Inmited use

Attempts to transmit this infectron to ammals or embryonated eggs 1n the
early stages of the disease are defimitely indicated The methods have been
fully described by Wall”® and Beeson and his associates * Isolation and
identification of the viral agent 1s of course unequtvocal proof but the pro
cedures are tume consummg and without adequate experience are not readily
achieved

Consequently the laboratory must rely largely on indirect methods The
Frex test and the complement fixation test are easy to make and gne an
answer 1n a relatively short time

Skin Sensitivity Test The Fret test 3 1s based on the skin sensitivity pro-
voked by mitradermal 1njection of mactive virus It can be made with bubo
pus obtamed from human lestons mfected mouse bram or infected yolk
sacs Infected yolk sacs are now used as standardized antigens almost exclu
swvely The virus 1s nactivated by heat and a control made from normal
yolk sacs s used to detect the rare egg sensiive mdividual The test and
control materals are wjected mntradermally at separate sites in the forearm
madose of 01 ml and readings are taken at 48 and 72 hours Erythema
regardless of its extent surrounding the pomnt of wmjection 1s of no sig
nificance A positive reaction 1s central nduration with surrounding edema
when the control reaction 1s shight induration of an area less than 5 mm 12
diameter The erythematous crown of a positive reaction 1s not always
readily perceived n the Negro

Use of this test has helped in the recogmtion of lymphogranuloma ve
nereum 1n 1its multiple and has d some 1
diagnostic difficulties The reaction 15 generally considered to be highly
specific It can be elicited after clinical recovery and may at times be hfe
long A positive reaction therefore does not mecessarily mean that the
present 1llness 1s being provoked by this virus Nor does one negative 12
action rule out lymph v The fi of this test 1
similar to that of the Mantoux test 1n tuberculosts Some positive Frex reac
tions might result from previous infection with other members of the psit
tacosts group but the evidence thus far published 15 too meager to permit
defintte conclusion ® In doubtful cases it may become necessary to mstitute
tests with the acid extract of the lymphogranuloma venereum virus which
according to Barwell 4 gives specific positive reactions More extensiie
trials are warranted to assess the value of this test In conjunction with the
complement fixation test a posttive Fre: test has defimite value The results
of the two may disagree and 1n this instance the complement fixation test 15

the better guide °4
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Complement Fixation Test During the past 15 years attempts have been
made with eq 1 results to d fixing it
1n sera of patients with lymphogranuloma venereum ustng antigens varying
1n potency according to the amount of virus present With the mtroduction
of yolk sac antigens extensive serologic imvestigations were carned
out 18525285 The cntena established for the serologic diagnosis of an 1nfec
tion with any member of the p tymp group
namely a sigmificant nise i antibody titer can rarely be met Most patients
with this disease are first seen 1 the secondary stage of the mfection when
mguinal ademus draws attention to the infection and by that time anubody

15 usually well Other patients particularly women
become aware of the infection only when 1t has reached the tertiary stage
and usually rectal lesions draw attention to its presence Only rarely 1s 1t seen
early enough so that formation of antibodses can be followed The mvest:
gator therefore relies on a stngle observation As would be expected non
specific reactions have occurred in patients with upper respiratory tract

f 024 A purely of by
means of a single test with Lygranum 1s not possible ¢ Unless there are
clinical manifestations a titer of 1 32 merely indicates recent mfection by
some member of the psittacosis group

Recent extensive and detailed independent investigations with standard
zed antigesic procedures by many workers!s 203476 77 yustify the conclusion
that 1n a patient with of 1 a titer of
132 0r 1 40 or hugher 1s beyond the range of nonspecific effect and 1ndi
cates active infection The complement fixation test is more specific than the

d test Fi the published data indicate that complement
fizing antibodies develop before the Frei test becomes positive but the latter
test may reman so for many years Both tests must be carried out n cases
of because the serologic effects of
ntensive therapy are not known The titers of repeated samples may cover
awde range and st 1s very difficult to assess how far this may be due to
intensrve therapy Observations on experimental infections clearly show that
1f the treatment eluminates the virus the fall m titer 15 stnkingly discern
1ble "8 The complement fixation test 1s useful not only 1n diagnosis but may
also prove of value m determning the effect of treatment on the mfection

Attempts of Bedson Barwell and their associates to devise a more specific

test by absorbing the group anttgen from the sera and to use hve unheated
antigens have already been described and the disadvantages have been dis
cussed It 1s appropnate 1o repeat agam and agam that in its present form
the compl fixation test for with the heat
stable antigen cannot with any degree of confidence be used to screen PoP
ulation groups to gauge the icidence of this infection The greater incidence
of reactions to a titer of 1 40 or higher may mdicate latent mfection 1n the
Negro population 39 but the fauly large number of posttive reactions mn pa
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tients with no venereal disease n a country as free of venereal disease 2s
Denmark requues another epidemuologic interpretation In the future
efforts should not be spared to suppl logic tests with dermal
tests carried out with extracts of several psittacosts and lymphogranuloma
viruses treated with dilute hydrochloric acid But there 15 no assurance that
this combination will prove informative since the Fre: test with heated
antigen may be less correlated with the titer of the complement fixation test
1n Jatent than 1n climcal infections

D of Incl: C wfis and T

‘These two viruses may well be considered together because the laboratory
diagnosis 1n both consists m finding cytoplasmic inclustons mn epithelsal cells
Chnical evidence mvariably assists the ultimate diagnosis The distinction
between the virus of mclusion conjunctivitis and the virus of trachoma rests
on the dissimulanty of the climical pictures Trachoma alone gives nise to
cicatricial changes and panus Although trachoma has been experimentally
transmitted to the vervet monkey and Macacus rhesus such tests are 100
expensive and too time consumimg for routine use The virus of mclusion
conjunctivitis has not been cultivated m eggs or animals

The observation that sera from patients with trachoma may fix comple
ment with p and lympt ) antigen® 15 mn the
light of more extenstve studies less fi than 1t was dered to be
at the time 1t was made

Through the courtesy of Prof Yukihiko Mitsm Kumamato University
Medical School 1 Japan sera of 17 patients with trachoma were made
available for quantitative complement fixation tests with heated psittacosis
and lymphogranuloma antigens The only sigmificant reactions were 1n the
serum 1n an acute case The titer with psittacosis antigen was 1 16 during
the first 4 weeks of the illness

In another series of 199 sera secured through the Chuef of the Diviston
Medical Section of the Far East Command the serum reactions of treated
and d trach patients were pared with those of persons hving
1n the same area The distribution of the complement fixatron reactions on
a percentage basts for each serum dilution 1s given 1n Fig 10 The percent
age of strongly positive reactions was much Jarger 1n the group of persons
reported as free from eye disease The distnibution 15 quite similar to that
reported for other population groups surveyed for the prevalence of Jympho-
granul The of the p of m the
group of trichoma patients 1s obviously marred by the general high a1
dence of infections due to other agents of the puttacosts lymphogranuloma
venereum group which apparently prevails among the puople of the Japa
nese islands Whether 1t 1s latent 1 h orp
could not be determmned The rather ubiquitous prevalence of parakeets

may be just as mportant as the venereal disease
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PERCENY REACTORS OF SERA FROM TRACHOMA
ENTS AND THE POPULATION AT LARGE
TESTED BY COMPLEMENT FIXATION

SERUM DILUTIONS
o [12f1a[tafrie[132]res]ir28]r2se

SERA TESTED | ANTIGENS

92 TRACHOMA |PSITTACOSIS[206[ 17321 7{161|108] 20( 0 | 10
PATIENTS | LYGRANUM |293]183[23919s] 76| 31] 0 | ©

oo

107 POPULATION  PS1TTACOSIS| 81 (102|140 196|281 140] sef 18] 18
AT tarot | Lyoranum 1112] 7s[198]233 (224|112 37] 09

Fic 10
These studies do not the 2| that comple
ment fixatron tests on trachoma patients show an antgenic relationship of
this virus to the group They do re

emphasize the fact that comct nterpretation of one serologic finding with
out epidemsologic histories 1s most difficult It must be carefully weighed
before far reaching deductions regarding relationships are drawn It 1s ob
vious that the complement fixation reaction 1s not a specific test for trachoma
or 1xclusion conjunctvitis A serologic test 1s not avadable at present In
the few cases of trachoma m which the Frex test has been used 1t has m
vanably been negative Skin tests with mactivated trachoma matenal have
given somewhat inconclusive results 13 The early diagnosts 1s consequently
confined to the microscopic examination of switable Giemsa or Castaneda
stained smears made from conjunctival scrapings

Summary

The nature of the disease and of the presently available laboratory tests
make early diagnosis of and tentative and depend
on chnieal and epidemtologic obsexvauons The chnical picture ranges from
muld respiratory mfection to fatal atypical pneumoma Normal respiratory
rate relatively slow pulse normal leukocyte count absence of classical
signs of preumonia non productive cough and lung consolidation revealed
by x ray are ch but not path Physicians faced with
4 patient with symptoms and signs of psittacosis or ormthosis should take a
blood sample adequate to provide material for 1solation of the virus and for
the complement fixation test before treatment 15 begun If antibrotics are
given before the samples are taken efforts ta 1solate the virus ate hikely to be
futile No effort should be spared to obtain a specimen of sputum however
small even if expectorants must be used Whatever material—blood spu
fum plevral flnd vomutus or throat garglings——must be promptly frozen
m a sealed contamer and sent to 2 laboratory capable of diagnosing the 1n
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fection Additional samples (each to yicld at least 4 or 5 ml of serum)
should be collected on the 8th 16th 30th and 40th davs so that the ant
body pattern can be observed To be at all conclusive the titer should nise
after about the 14th day of 1llness to at least 1 32 If the serologic response
follows the typical pattern—weak during the acute phase strong and per

sistent through i and decl slowly thereafter—the patient
probably but not beyond doubt 1s infected by a member of the psittacosis
group The laboratory should el bactenal from the

specimen  probably with antibiotics mject a suspension into mice intra
pentoneally and mtranasally and observe the results In the complement
fixation test stable antigen prepared with a known stramn of psittacosts not
lymphogranuloma venereum virus should be used If possible the laboratory
should study the virus further with pathogemcity cross immunity and toun
and infection nentralization tests

Probably only 1 surveys 1s lymphogranuloma venereum ever diagaosed
early 1n the mfection The symptoms and sigas charactenstic of the sec
ondary stage usually send the patient to the physician He should be fed by
these to make the Fre1 mtracutaneous test and to send serum to « qualified
laboratory for a p fixation test Diag by culture and histo-
pathologic study may also be attempted A positive Frer reaction consists
1n central induration surrounded by edema at the site of mjection of a stand
ardized lymphogranuloma venereum antigen and slight induration of an ared
less than 5 mm 1 diameter at the site of injection of normal yolk sac (to
detect the egg sensittve individual) The results should be observed 48 and
72 hours after injection The allergic state indicated by a positive result may
persist for years and should therefore not be depended on too heavily as 2
gunde to the present 1llness Since the infection 1s old by the time 1t becomes
chimcal the complement fixation titer 1s high 1 324+++ or more

The possibility of cross reactions of viruses of the psittacosts lympho
granul group in the fixation test should be borne
1 mnd n considermg the results It should go without saying that careful
history taking contributes valuable supportive diagnostic information

Papillary follicular hypertrophy of the conjunctiva and abundant con
] 1 exudate phils myolving the comea 18
characteristic of trachoma acute or chromc Upper portions of the con
Junctiva and cormea are more mvolved than the lower The reverse 1s true

P
in nclusion blepnorrhea In most hy can be diag

n
through cllmcalég.aturcs alone If necessary epithelial scrapings can be sub
mtted to the I Eramry for hols study and 1 p

for eytologic studl In mncluston blepnorrhea matenal 1s frequently obtain
able only by renfoving the entire follicle celtular elements shown 1n the
smears are preddunantly lymphocytes and a few small macrophages with

little debrls_ -
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Early Diagnosis of Smallpox

F O MocCollum
Virus Reference Laboratory Central Public Health Laboratory Colindale
London England

Under this title will be discussed the early diagnosts of variola major and
munor (alastim) vaccima and cow pox with only slight reference to
vancella (chicken pox) It 1s not mtended to gve an historical account of
the development of the various tests but a few references will be made to
comparatively recent papers from which further wmformation may be ob
tamed

The tests and techmques descnbed have all been m use for some years
n other laboratories as well as our own and therr relhability and repro
ductibility has been d ated Vanious mod can ly be
made to smt local and the of domng certan tests
and the interpretation of the results of others may vary from one place
to another

The Central Public Health Laboratory at Colindale London receives
materal for smallpox diagnosts from anywhere mn England and Wales except
Laverpool and the adjacent areas for which Professor Downie 1s responsible
We also accept matenal from Malta and Gibraltar and 2ny other place out
side England which requests our help Vaccmation has not been compulsory
n Great Britain since July 1948 so that the early dragnosts 1n the labora
tory has become of increasing value and we have taken additional steps
to prevent the disease arriving under the guise of chicken pox by encourag
ing the sending of specimens from persons with suspicious rashes en route
by ship from certain areas where smallpox 1s epidemic or endemic Ve
cannot of course contend with introduction by ar travellers in the same
way but encouragement of physicians and other health officers to use the
Iaboratory may help to neutralize this danger It 1s possible that smilar

methods may be of value m other countnes and 1n the general control of

the spread of smallpox
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There are three man types of tests avaable each of which has 1ts special
value depending upon the stage of the disease and the type and quantity of
material that can be obtained from the patient

1 The mucroscopic examination of smears made from scrapings of the
base of lesions on clean glass slides and suitably stained for the presence of
virus elementary bodies This may provide an answer within one hour of
the receipt of the specimens at the laboratory

2 Complement fixation tests which may be applied m one or other of
two ways at any stage of the disease from the onset of fever to the second
month of convalescence 1e (a) to detect the presence of antigen i erther
the blood 1n the first few days or 1n the skin lesions from the time of their

until therr p; or (b) to detect antibody m the
patient s serum A result 1s awallable 1 24 hours by either of thes: tests
3 Virus culture may be pted on the of

fertile fowls eggs with blood m the first two or three days of illness or
matersal from skin lestons from the tume of their appearance to therr dis
appearance This 1s the most sensitive test but a result will not be avaitable
for at least 48 hours and usually 72 hours

Table 1
MATERIAL TO BE COLLECTED AT DIFFERENT STAGES

Pre Maculo
Materal eruptive Papular | Vesicular | Pustular Scabs
Clotted Blood
{Serum & Cells)| X (v&a) |X{v&a) X (v) X (ab) X (ab)
Smears 0 X(mv&a) [ X{m&v) [X(v) 0
Vesicle Flud 0 X(v&a) |0 0
Pus [ 0 X ¢
Tops of Lesions
and Scabs o 0 X (a) X (a) X{v&a)
m = microscopy 2b = ant'body
v =vwirus X = available
a =antigen 0 = specimen not available

Table 1 shows the type of specimen that 1t wall be useful to examine at
each stage and the test for which 1t will be used The equipment that should
be available when one 1s prepanng to collect materral from a patient with
suspected pox infection consists of

1 A stenile ventpuncture needle with or without a synnge and 2 stenle
bottle for collecting 10 cc stenle blood

2 A Hagedom needle 1n a tube or a scalpel for scraping lesions and
making smears

3 410 6 clean glass microscope shides m a box

4 2to 3 capillaries 1 a screw-capped bottle If possible a small rubber
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Under thus title will be discussed the early dragnosts of vanola major and
munor (alastim) vaccima and cow pox with only shght reference to
vanicella (chicken pox) 1t 1s not mtended to give an lustorical account of
the development of the various tests but a few references will be made to
coml;arauvely recent papers from which further information may be 0b-
tatne

The tests and techmques descnbed have all been m use for some years
m other laboratories as well as our own and their reliability and repro-
ductibility has been d d Vanous can Iy be
made to suit local and the bility of doing certamn tests
and the interpretation of the results of others may vary from one place
to another

The Central Public Health Laboratory at Colindale London receives
matenal for smallpox diagnosts from anywhere 1 England and Wales except
Liverpool and the adjacent areas for which Professor Downue 1s responsible
‘We also accept matenal from Malta and Gibraltar and any other place out
stde England which requests our help Vacciration has not been compulsory
1n Great Britain since July 1948 so that the early diagnosis i the Iabora
tory has become of increasing value and we have taken additronal steps
to prevent the dsease arnving under the guise of chicken pox by encourag
ng the sending of specimens from persons with suspicious rashes en route
by ship from certain areas where smallpox 1s epidemuc or endemic we
camnot of course contend with mtroduction by arr travellers n the same
way but encouragement of physicians and other health officers to use the
laboratory may help to neutralize this danger It 15 possible that similar

methods may be of value mn other countries and 1 the general control of

the spread of smallpox
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Techmque of Tests

Microscopic Examunation of Smears The smears are stamned with
Paschen s or Guistein s or sumilar suitable stans In a clean and successful
typical y bodies can be seen (Fig 1) In

vancella  zoster or herpes simplex only a small number of elementary
bodies are usually found The value of the microscopic examination 1s very
much dependent upon the cleanhness of the shde and the expenence of the
person making the smear and staiming 1t A positive report 15 always pro
visional and a negative report for virus 1s of hittle sigmficance However
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FiG 1 Smear from base of smallpo‘( vesicle shuwmg remans of cell and
numerous elementary bodies Stamned by Guistesn s alkaline methyl violet method
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mults nucleated grant cells are frequently found 1n smears from lestons m
herpes and vanicella but not in variola as oniginally pomted out by Tyzzer 8
a fact which may help giving a presumptive nicgative report

Complement Fixatton Test This may be applied tn one manner or an
other at any stage from the onset of fever to convalescence As already
stated the same may be p d to detect erther
antigen or antibody The commonest apphcauon of the test 1s for the de
tection of antigen m the presence of antivaccima rabbit serum The ma
tertals which may be examined n thts way are serum  scrapings of macules
or papules vesicle fimd pustule flnd tops of vesicles or pustules and
scabs crusts or seeds The second type of test 13 of course the use of a
vanola antigen from man or a vaccuma antigen from rabbits to detect ant
body 1 the serum at varying stages of iliness mn patients who have not been
Vvaccmated for six to nune months or more {or to detect a rise 1n hitre m two
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teat should be ncluded to ard 1n the collection of vesicle flud or pus An
alternatrve 15 a Pasteur pipette with teat enclosed in a tube

5 A small screw capped bottle for tops of lestons or scabs which may
be obtained by usimg either the needle or scalpel but a pair of fine forceps
may also be useful for this purpose

Specimens should be encased 1n a metal container for transport to the
laboratory The form accompanying the specimens should state the date of
the onset of illaess when the patient was last vaccmated and whether there
1s any past hustory of chicken pox

The specimens need not be transported packed 1n 1c¢ unless the atmos
phenc temperature 1s above 37° C and more than 24 hours delay 15 ex
pected before they reach the laboratory The tests for antigen will not be
affected by the higher temperatures but small amounts of virus might be
mactivated and give negative results on egg culture The materal needed
1s detailed below

Collection of Specimens

Blood Collect at least 5 ml of venous blood 1 the clean dry sterle
screw capped bottle or tube with rubber stopper The blood may be frozent
after the serum has been separated from the clot Both serum and clot
should be sent to the laboratory

Smears Clean the surface of the lestions with spinit or alcohol In the
macular or papular stage the superficial epidermis 1s removed and smears
are then made from scrapings of several lesions onto clean glass shdes The
shides are allowed to dry 1n the air and are not heated If more than one
smear ts made the shides should be placed face to face and separated by
adhesive tape or match sticks and the surfaces on which the smears are
made should be clearly marked In the vestcular stage the tops of Jestons
are cleaned opened the flud collected and the tops removed and then
the bases of several lestons are scraped to make the smears In the pustular
stage smears are of little value for microscopy but are a convenient method
of collecting pus for antigen or virus culture tests

Vesicle or Pustule Fluid Clean the tops of lesions open lesions and col
Ject the fimd 1 capillanies with open ends The flurd should run m by
capillary attraction but if difficulty 1s encountered help can be obtamed by
the use of a smalf capiifary teat or flud can be removed by the use of 2
Pasteur prpette If capillaries are used only the end distal from the specimen
needs to be sealed and the capillarres are placed m a stertle bottle or tube
with rubber stopper

Tops of Lestons or Scabs Clean the tops of lestons with spint or alcohol
or collect the crusts etc from six or more lesions mto a stenle screw capped
pottle or tube with rubber stopper
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of 95 NACL 1s added mixed with the powdered crust and allowed to
extract at 4 C for 1% to 2 hours (The 9% NACL 1s considered to help
10 the disintegration of the cells and liberation of antigen) After extraction
distilled water 1s added to ten times the volume of the salt solution making
a 1/100 dilution of the crusts 1 normal saline The suspension 1s then
transferred to a centnfuge tube or bottle for centnfugation at 2000 rpm
for ten munutes The supernatant fluid 1s removed heated at 58 C-60 C
for 30 minutes and used as antigen As previously stated the minmal
volume of antigen required for the test 1s 06 ml so that if the ongmnal
matenal weighs less than 0 01 g it should be taken at this figure and made
up accordingly In the latter case a negative result s of doubtful significance
If only a single scab s recerved 2 small prece must first be removed to make
a separate m broth for egg culture

Complement Fixation Test The haemolytic system consists of 2 5% sen
sitized sheep cells and 3 MHD complement An overnight fixation at
4 Cis preferable However if 2 large amount of antigen 1s avatable a
shorter fixation of 4 hours at 37 C can be used and if positive may be
accepted but 1f negative an overmght fixation should also be done

When testing an unknown antigen doublmg diluttons of the test antigen
and the known positive antigen are made 1n duplicate the unknown antigen
starting undiluted To one of each row of antigen dilutions 1s then added
1 volume (0 1 ml ) of normal rabbit serum and to the other two a volume
of hyper immune rabbit sentm The dilution of the immune serum used 1s
governed by that which gives an optimal titre with the posittve control
antigen One volume (0 1 ml) of 3M HD of complement is finally added
The tubes are shaken and the racks put at 4 C overmight for fixation Next
morning the racks and sensitized cells are removed from the cold to the
bench and left for 30 mnutes to warm up before adding 2 volumes (0 2
ml) of the sensitized cell suspension to each tube The tubes are then
shaken placed 1n a water bath at 37 C for 30 minutes removed and Jeft
on the bench to settle for one hour and read unless completely negative
on removal from the bath

A varicella antigen should always be imcluded as a negatrve control The
majonty of specimens sent for test come from varrcella patients but we
make no attempt at present to obtamn a positive vancella test because the
material from chicken pox particularly crusts provides a very poor antrgen
quantitatively and human vancella convalescent serum apparently contains
telatively small amounts of complement fiung antibody The heat stable
complement fixing antigens produced by the above methods appear to be
stmilar for the three pox viruses so that this test will only differentiate them
from vanicella or herpes or other agents i which the test will be negative
but of course this 15 the most tmportant function of the test If the chmcal
or epidemtological nvestigations do not permit an immediate dragnosts
within the pox group then one must wait for final differentiation by the
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samples of serum from patients vaccinated less than six months previously
who may come under suspicton very very rarely) The materals to be
examined 1n etther test are put up with previously determined optimal doses
of positive serum or antigen respectively Usually O I ml volumes are used
The matenal on test 1s diluted to provide sufficient quantity to carry out
the test or tests the results of which may be capable of interpretation Over
might fixation (16 to 18 hours) at 4° C gives the best results Positive
serum 1s obtamed from rabbits hyper immurused with rabbit adapted vac
cinta

Preparation of Antigens FROM BLOOD IN THE ACUTE STAGE UP TO THE
FIFTH DAY OF DISEASE The non haemolysed serum s removed from the
clot activated at 56 C for 30 munutes and two-fold dilutions made m
P 1 saline This the antigen to be tested agamst a con
stant dose of positive serum Thus test 1s of particular value m the rapidly
fatal case mn non vaccmated adults where death may occur before anything
more than a scarlatmform rash or perhaps before any rash at all has
occurred

SMEARS OR SCRAPINGS OF MACULES OR PAPULES These are extracted
with the minimal amount of phystological saline As the smears are fre
quently the only material available at this stage and cultures must also be
done our practice 1s to place the shdes m a petrt dish add 06 ml salme
to all the matenal available scrape the shides with needle or scalpel and
leave at 4 C for a half to one hour remove 02 ml for three eggs and
the remainmng flid 1s diluted with salime to 06 ml which 1s the mmimal
quantity on which to work for complement fixation test

VESICLE OR PUSTULE FLUID Thus 15 the 1deal matenal for antigen The
capillaries are placed m Ten Broeck grinders (closed tubes with glass rods
with knobs at the bottom) and crushed Occasionally antigens made from
such matenial particularly from pus are anticomplementary so that 1t 15
useful to treat first with a few cc of ether for 30 minutes The ether 15 then
removed by pipette and evaporation and the required amount of salne 15
added and allowed to extract for 30 to 60 mnutes If the same material 15
required also for egg culture 02 ml of suspension 15 removed and diluted
with equal amounts of anttbrotic

TOPS OF VESICLES AND PUSTULES AND SCABS These are the most tume
consuming to deal with but usually have a lugh concentration of antigen
If one 1s presented with a rapidly fatal case with diffuse erythema and only
a few doubtful early lestons all extrancous tissue must be removed from
around the lesion and only the centre used for antigen As soon as the
matersal 1s recetved in the Jaboratory 1t 1s placed m a dessicator and dried
over calcium chlonde for about one hour and then weighed The scabs are
then ground 1n an enclosed tube such as the Ten Broeck grinder and several
ml of ether added and left on for about 30 munutes The ether 15 then re
moved and the final gnnding performed  ten times the weight by the volume
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Fic 2 Fie 3 Fra 4

Fic 2 Variola virus Three day lesions on the chorioallantors
Courtesy A W Downie

Fi 3 Vaccima virus Three day lesions on the chorioaltantors
Courtesy A W Dowme

F1c 4 Herpes simplex virus Three day lestons on the chorcallantois
Courtesy A W Dowme

plasmic mclusion bodies 1n the mesodermal and ectodermal cells A herpetic
lesion has a different macroscopic appearance (see Fig 4 ) and eosmophilic
mtra nuclear inclusions are present

The type of result one may expect to obtain 1n relation to the vaccination
lustory of the patient 15 outhined n Tables 2 and 3 and may be correlated
with the remarks 1n the paper by Downze on Pathogenests The results which
are of most sigmficance m the early stages of the disease have been ninged
It 15 obvious that specimens particularly of blood for laboratory tests

T ble 2
TESTS AND RFSULTS AT DIf FERENT STAGES IN FERSONS VACCINATED 3-.0 YEARS
PREVIQUSLY
FPre
| euw | mP ' P Scab | Conv
Mucroscopy {a) (b)|(a) (b}|(a) (D)|(a) (b)
Virus o o0 +]0 +[o — —-i{o o
Compl ment Fixat on
AntgenmBlood % +|— =|— —1— —|[— ~}~ —
Actigen 1n Skan
Lesions 0 0|0 [0 +|0 4|0 4|0 o
Anubody i Serum {(+) — [(4) + [(+ B+ + [+ +|+ +
Vi us Cultu
Blood F +|l=- == -]= =-|= =[- =
Skin Lesans 0|0 +[0 +|0 +]o 4 [

() = variola sune eruptione
(b} = modified to varying degree with rash
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appearance of the pocks on the membrane of the fertile hen s egg A nega
tve result based on nsufficient material 1s of no sigmificance but a positive
result 1s defimte A negative result with a known 1/100 didution of vesicle
flud pus or scab 15 nearly 100% rehable A posiuve result m only the
first one or two tubes 1s viewed with suspicion The usual result 1s 2 posttve
from % to %, (really 3 o0)

When patients sera are being tested for antibody two-fold ditutions of
serum are tested agamnst an optimal dose of positive antigen A positve
control serum will be included as well as a negative control antigen such
as chicken pox

Egg culture The techmque for the preparation of the fertile fowl s eggs
1s that used i most virus 1es for the } of the ct
surface of the chonc-allantoic membrane Eggs which have been pre
meubated at 37° C to 38 5° C from 10-14 days are commonly used The
use of the egg for differential diagnosts of vanola was suggested by Irons
and his colleagues 1 1941 ~ It 15 of particular value 1 patients who die
before the appearance of a discrete rash and n the febrile pre-eruptive stage
1n contacts

Whatever the noculum may be other than blood we always make it up
to a mummum of 04 ml i broth contatning 100 umts pemeillm and 50
units streptomycm per 0 1 m!  and moculate 01 ml onto each of three
cggs 01 ml s also woculated onto a blood agar plate and moubated
aerobically at 37 C The moculated eggs are mcubated at 37 C The three
pox viruses vanola (Fig 2) vacema (Fig 3) and cow pox produce lesions
which can be d d ly (The diffe between vac
cime and cow pox would only show up m a natural color picture ) If the
virus concerned 1s varicella there 1s no growth If the virus 1s vaccrma 1t 18
usually possible to make a diagnosis by 48 hours If the virus 1s vanola a
tentative diagnosts may be made if there 1s a heavy growth at 48 hours
but the distinctive appearance of variola especially 1f there 15 only a small
amount of virus possibly masked by mspissated serum 1s best seen after
72 hours ncubation It will also be easier at 72 hours to differentiate be
tween vanola and herpes smmplex Alastnm usually produces the same
type of lesion as variola major although on two occastons once 1n Downie s
laboratory and once at Colmndale the lestons from an alastnm patrent were
too simular to herpes on pnimary isolation to give a defimte answer A
further passage produced lesions typical of vanola Any membrane with
doubtful Testons 1s exanuned histologically used as antigen 1 complement
fixation test with antivaccimial serum and at the same time passed 1ato
more fertile eggs Histological preparattons of vanola and vaccinta reveal
concave lesion m the former and a convex Iesion 1n the latter due to necross
but the same type of microscopic mtracellular reaction without a very

defimte mclusion body 1s seen m both By contrast a cow pox nfected
membrane shows a very haemorrhagic pock and highly acrdophilic cyto-
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Fic 2 Fic 3 Fio 4

Fic 2 Vanola virus Three day lesions on the choroallantors
Courtesy A W Downse

Fic 3 Vacemia virus Three day Jesions on the chonoaltantois
Courtesy A W Downse

Fi6 4 Herpes smplex virus Three day lesions on the chorioallantoss
Courtesy A W Dowme

plasmc inclusion bodies 1n the mesedermal and ectodermal cells A herpetic
lesion has a different macroscopic appearance (see Fig 4 ) and eosmophilic
ntra nuclear inclusions are present

The type of result one may expect to obtain i relation to the vaccination
fustory of the patient 1s outlmed 1n Tables 2 and 3 and may be correlated
with the remarks in the paper by Downie on Pathogenesis The results which
are of most sigmificance m the early stages of the disease have been ringed
1t 1s obvious that specimens particularly of blood for laboratory tests

T ble 2

TESTS AND RESULTS AT DIFFERENT STAGES IN PERSONS VACCINATED 3-20 YEaRs
PREVIOUSLY

Pre

erip | MP v P Scab | Com
Microscopy (a) ()| (a) (b)|(a) (b}|{a) (b)
Virus 0o 0|0 4|0 +[0o — —lo o

Compl ment F xat on

AtigenmBlood | m 4| — & |— —|— —|- —|~ —
Antigen m Skin

Lesions o 0o =|o +|o +]lo +|0 o
Antbody in Serum |(+) — () + [(+ B+ |+ +|+ +
¥ us Culture

Blood F +fl=- F|= —]=- == = —
Skin Lesions 0 00 {0 +|0 +]|0 +

{a) = variola sine eruptione
{b) = modified o varymg degree with rash
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Table 3

TESTS AND RESULTS AT DIFFERENT STAGES IN PERSONS UNVACCINATED OR VACCINATED
0 OR MORE YEARS PREVIOUSLY

Pre
erup M P 14 P Scab Conv
Microscopy 2-3 3.5 5-7 7-10

days days days days
0 [

+
<
LS

Virus

Complement Fixaton
A (1) Antigen 1n

Blood +) +) (=) - —- -
(2) Antigen n
Sk Lesions [ ES + + + L]
B Antibody n Serum — —_ E3 + + +
Virus Culture
Blood ) ) = - — -
Skin Lesions 0 +) + + + [}
Pre erup = Pre-eruption V = Vesicular
M P = Maculo Papular P = Pustular

Conv = Convalescent

should whenever possible be obtamed before suspected patients are vac
cinated or re vaccmated Arbitrary pertods of 3-20 and 20 or more years
based on common experience were chosen for these two tables but of
course vamations 1n the size of the mfected dose and the immune state of
the individual may affect the response of the host at any tume one year or
more after a pnmary vaccination
In closing 1t mught be advisable to remund pathol who may be
collecting specimens from patients with suspected smallpox that they should
be vaccmnated before gomg to see the patient The author also s of the
opinion that virus pneumonia without a rash can occur after 2 6-9 day
perniod foll hal; of virus by partially immune persons
and this aetiology should be considered m exposed individuals with  virus
pneumoma while awaiting the results of tests for other possible virus agents
such as influenza and psittacosis

Summary

A brief descniption 1s gaven of the type of tests available for the Iaboratory
dragnosts of pox mfections particularly 1n the early stages

The spectmens required the manner of collection and a brief description
of the techniques 1s outhned

These tests may be carned out by experienced virus workers and when
the results are correlated with the chinical and epideriological findings they
may be of considerable value 1n controlling the spread of the disease
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The Diagnosis of Virus Infechions Employing
Tissue Culture Methods*

Thomas H Weller

Research Division of Infectious Diseases and the Department of Medicine
The Children s Medical Center and the Depariment of Tropical Public
Heglth Harvard School of Public Health

Introduction

Only recently have the techmques of tissue culture been employed ex

tenslvely as a method of diagnoss for certam viral diseases Many of the
and L of culture d as applied to this objectve

remain to be defined Yet already for example the application of i vitro
methods 1n our laboratory has resulted mn the development of stmplified
diagnostic p d for the of mf with the pol Tt
viruses and has permutted the senal propagation of agents previously not
1solated such as those of vancella and of herpes zoster

In thuis paper developments in the field of the i vitro cultivation of the
wiruses pathogenic for man as related to possible diagnostic upplxcauons will
be reviewed It 1s not our 1ntent to empk details of meth which
at present are undergoing modification Constderation will first be given
to applications of the culture dure m the d of viral inf
As different tech are di d d proven or po
tentral uttlity of the method will be presented Lastly a few general con

wiil be d ding the tissue culture approach to the

problem at hand namely the diagnosts ‘and study of viral infections of man

Many mvestigators have utihzed tn vitro methods of cultivation for the
study of mammalian viruscs these contributions have been summanzed by

Robbms and Enders! and by Sanders kiem and Lagunoff 2 Yet relattvely
few of these mnvestigations until recently were directly referable to the

¥ Axded by a grant from The National Foundation for Infantile Paralysis Inc
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problem of diagnosis Plotz and Reagan® m 1942 utilzed cultures for the
1solation of the street virus of rabies from the bramn of both man and the
dog The same year Sanders* employed cultures of mouse bram to stabilize
the virulence of the virus of epidenuc keratoconjunctiviss and laters reported
1solation directly 1n tissue cultures However two considerations have de-
layed general utilization of the method First prior to the advent of the
antibrotics long term marntenance of bacterial free cultures was difficult
and the 1solation of virus in tissue culture employing unfiltered inocula
prepared from contamnated matertal such as human feces was not feastble
The use of antibiotics to treat bacteria-containing mocula ¢ or to eltmtnate
bacterta when 1t 1s destred to employ contammated tissues 1n the culture
system? 8 and finally the incorporation of antbiotics as routme® in the
nutrient medium  have permitted many of the recent appheations of the
culture method 1n the field of wirology The second major consideration
expediting utiltzation of the culture procedure has been the development of
techniques for the identification of certamn viruses under in vitro conditions
In the early studies referred to 1dentfication of the agent propagated was
usually upon mto a host More re
cently methods which may obviate ammal passage of agents tsolated
vitro have been utilized These are based on elucidation of specific morpho-
logical or brochemical alterations pmduced by viruses 1n the tissue culture

1 d by us the t. else on the of
culture virus as antigen n Vznous serological tests Furthermore the
specific mhibition by antibody i vitre of cytopathic activity or of the pro-
duction of wiral antigen permuts n certamn instances substitution of the
culture for the embryonated hens egg or artmal i the performance of
diagnostic neutrahization tests It 1s now apparent that these methods devel
oped 1n large part in connection with studies on the poliomyehtis viruses
may be applied to the diagnoss of a variety of viral infections of man

Appheation of Tissue Culture Methods to the Problem of Diagnosis
In Vuro Isolation and Identification

of Virus by Cytop Activity The of specific
alterations mduced by a virus 1n the morphology or metabohc activity of the
tissue phase of a culture system 1s now an established techmique for the
detection of certamn viruses 1 vitro In the evolution of procedures for de

tection of these specific alterations 1nterest was first directed towards the
demonstration of mclusion bodies Thus for example 1 the ploneenng
experuments of Stemhards Israch and Lambert® on vaccimia an unsuccess-
ful attempt was made to demonstrate mclusions Later 1 the studies of
Andrewes with virus II11° of Revers and coworkers with herpes stmplex
and vaccima * as well as 1n those of Bedson and Bland? working with
Ppsittacosis the presence of cellular inclusions was utibized as evidence for

R
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wiral activity In general however the demonstration of mclusion bodies
wn vitro 1s applicable only to a restricted group of agents and 1s of Limited
value as a di e o Ti g tech pul
are wvolved Also 1t 1s appreciated that certamn agents producing wnclusion
bodies 1 vivo do so with 1rregulanty in vitro the observations of Bang
Levy and Gey™ on the growth of fowl pox are tllustrative of this pont
Furthermore the mterp on purely morphol ! grounds of mtra
cellular bodies particularly of the cytoplasmic variety 1s not without duffi
culty For example we have observed in uminoculated tissue culture prep
arations on cytopl bodies closely bling those produced
by certain viruses However we have not as yet observed non specific
mtranuclear inclusions and 1n the study of certam agents such as vancella
the demonstration of this evidence of viral activity has provided valuable
information

The recogmtion that in vitro certain viruses may give fise to gross altera
tions m the cells 1n which they are multiplymg has provided a technig
of general diagnostic sigmficance Plotz and Ephrusst' in 1933 noted
the case of fowl plague virus as did Ivanovics and Hyde!® i 1936 work
g with virus IIT that infected cells failed to mgrate or else degenerated
Yet to Huang must go credit for observations of practical mport on this
phenomenon and 1ts utihzation for the titratton and serological :dentificationt
of a virus m the culture tube In 1942 Huang!® observed that fragments of
chick embryonic tissue mnfected with the western stram of equime enceph
alomyeliis virus faded to grow applyng this finding quantitative deter

mn vitro of and of neutrahzing antibody were per

formed In a second paper'” the prediction was made that the phenomenon
mght be applied to other viruses particularly if tissues from man were
employed The following year'® Huang studied St Lows and Col Sk
viruses and noted that these agents while not cytopathic mterfered with the
destructive action of western equine encephalitis virus a2 vitro thus mdt
cating another method of titration 1n cultures Concurrently he also de
scribed what we have since termed the pH differential test for the
detection of virus i vitro 1®

The d: that the pol Iitis virnses could be propagated
m vitro 1 non nervous tissues?® and likewise possessed cytopathic actty
1ty? 2 has given 1mpetus to the study of the cytopathogenic attributes of
mammahan viruses Certain observations made 1 the course of studies on
p hitis will be d as illustrative of varous techmques by
which the cytopathogenicity of a virus may be established Our ongual
observations were made with the suspended cell type of culture as recently
reported m detail * Impaired metabolism of infected tissues as mamfested
by d acid prods during of the Lansing and Brun
hilde strams m suspended cell cultures of human embryome tissues was
noted This difference between the pH of control and mnfected cultures
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‘became apparent after relatively long periods of cultivation frequently
between the 16th and 30th day It proved however to be a fauly rehable
ndicator of virus multiphication In practice we established arbitrary enteria

for the pH diff test of a mean diffe of at Jeast
02 pH units at the time of flmd change between the pH of the flwds 1 a
of three and 1n a of three control cultures

The pH differential test was applicable to the titration of viral nfecuvity
Furthermore 1t was utiltzed as the idicator for the presence of virus 1z the
first 1solations 2 vitro of pohomyelitis virus from human fecal specimens
Although the pH differential test has now been supplanted as a method
for 1solatien of poliomyelitss virus by ather tests for cytopathogenicity which
are less time consuming this techmque may be of value 1n studies on the
dragnosis of other viral infections

Another indication of cytopathogenicity on the part of pohomyelttis virus
was noted on hi of tissue removed from
suspended cell cultures The degenerative changes observed in tissue frag
ments from cultures three weeks or more after moculation were more
extensive than those in comparable fragments from control cultures In the
suspended cell system employed Lttle cellular prolferatron occurs and pro-
gressive degeneration of the tissue takes place Therefore 1t would appear
that the histologre exarmnation of tissues from suspended cell cultures may
be of himited value as applied to problems of virus dragnosis Yet, for
special situations the method may be useful Thus m attempts to isolate
the etiological agent of varcella demonstration of intranuclear inclusion
bodies 1n tissues from suspended cell cultures provided the mitial evidence
suggesting that a virus had been 1solated * On the oth:x hand itis prohable
that based on the histols
tained from cultures permutung of cellutar muluphcauon such as the roller
tube will be mcreasingly employed particularly s the detection of viral
agents that do not possess a ugh degree of cytopathogenicity as expressed
by rapid and more or less complete degeneration and death of the cell
population

The third procedure utilized to reveal cytopathic actvty of the polio-
myelis viruses consisted 1n the demonstration of mhibitien of cell migra
tion ® from infected tissue fragments on transfer of such fragments from
suspended cell to plasma hanging drop cultures Here agam the method
was ume consumimg for the mhibitary effect of virus on cell migration was
not clearly demonstrable except n explants prepared from flask cultures
maintained for at least 8 to 21 days At present this method 1s not mvoked
m work with the poliomyehtis group of agents However the procedure
deserves further ivestigation for the study of agents that are not overtly
cytopathogenic For example 1 expenments on the cultivation of mumps
virus * we noted no cytopathic effect m cultures prepared with ammotic
membrane from chick embryos hilham and Murphy * employing cultures




338 DYNAMICS OF VIRUS AND RICKETTSIAL INFECTIONS

of mouse embryonic tissue Itkewise observed no specific cellular changes
Taylor ® has now reported mhibrtion of cellular mugration from fragments
of chicken ammotic tissue following exposure to the virus of mumps at
though Watson?” has not been able to confirm thts finding

In an effort to demonstrate the cytopathogentc actiity of the poliomye
Iitis siruses in 2 less tedious fashion attention was directed to a study of
these viruses m roller tube tissue cultures ® Employing techmques that
have been described ® 1t was ascertamed that the introduction of virus mto
established cultures of a vartety of human tissues was followed by gross
destruction of the growmng cells a phenomenon that could be observed
readily on exammation of the culture tube under low magmificaon The
specificity of the degeneratnve process was made apparent by the fact that
1t was mhibited mn the of b 1 type speaific anubody but
not 1 the of 2 body Thus specific 1dentification of
a polomyehtis virus 1solated 1n culture could be accomplished m a few
days by transfer of the virus to subcultures n the p of approp
antisera Our findings were extended by other workers who demonstrated
that monkey tissues likewise could be utilized for the cultivation of the
poliomyelitis viruses °3¢ Sut ly difications of techmque directed
towards and dard have been duced In some
laboratories slanted cultures®! 3233 have been used Improved or stmplified
medra such as those contamnmg bovine ammotic fud 3¢ hydrolysates of
lactalbumm32 or of bovine plasma 38 or else based on the synthetic mediim
of Morgan Morton and Parker®® 3¢ are now commonly employed A sig
ificant advance m the direction of providing a standardized source of
human tissue for the propagation of viruses was made by Scherer Syverton
and Gey” who showed that the HeLa strain of cells ongmally denved from
an epidermord carcinoma of the cerve would support the growth of polio
myehtis virus

1t 1s 1n the study of those wiruses that produce extensive cytopatht
changes m vitro and n particular of the poliomyehtss group that the
cultural method of dragnosis has most widely been apphed In all prob-
ability few of the 1ol of pol hitis virus phshed 1n tissue
culture have been described Yet indicatve of work m progress are reports
of the use of cultures of monkey testicular tissue by Riordan and co
workers?® for the 1solation of 24 strams and by Youngner and coworkers®®
for the 1solatron of 37 strams Scherer Syverton and Geyd” have noted the
1solation of 100 stramns of poliomyehitis virus mn cultures of HeLa cells In
an extension of our ongmal studies 4° 133 strams have been 1solated 1
addition to the 13 previously reported ? We have continued to employ
various human tissues especially myometrum which 1s readily available
and grows well mn the bovine ammniotie flurd medium  The efficrency of the
11 vitro method of 1solation from fecal spectmens this study has been of
the order of 95% in pattents with frank paralysts Attempts at 1solation of
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poliomyelitis virus from patients admutted with a clinical diagnosts of non
paralytic poliomyeliss have been successful in about 65 of the patients
studied It 1s apparent that certam of the farlures 1 this group represent
individuals that did not have pohomyelitis Indeed from some of these
patients emdentified cytopathogenic agents have been 1solated
It will next be pertinent to consider briefly certain other cytopathogentc
viruses present on occasion 1 human feces Two such viruses were en
cnun!exed n the course of our onginal study  One agent which differed
(com the pol litis viewses by an witeal
spanng of the penpheral outgrowth was shown to belong to the Coxsackte
group This virus (Wieder ) was classified as a new immunologic type
(Boston) by Contreras Barnett and Meclnick?! and subsequently also has
been 1solated by Melnick and Agren ¢ In our hands this type of €’ virus
has exhibited cytopathogenicity for a vanety of tissues 4% We and others
have now 1solated additional cytopathic Coxsackie viruses *4 Observations
of this type suggest the destrability of a study of the behavror of the vanous
Covsackie viruses 1n cultores of human and of monkey tissues From present
Dimited X dge wide in thic activity may be predicted
Stulberg Schap:ra and Exdam*® noted the marked cytopathogemcity of the
Cona 5 strain for mouse fibroblasts With the antigenically related DeMole
strain we also obtamed growth m mouse tissue but fatded with human skin
and muscle tissue #3 glthough 1 the latter tissue the Boston type was
highly cytopathie
The second agent that was not a typeable poliomyelitis virus 1s not overtly
pathogenuc for any of the common laboratory ammnls including the rhesus
monkey 2 Other viruses lacking ammal pathogenicity have smce been
ssolated by the culture method both 1n Boston and by the Yale group 4
Steigman and coworkers*® have likewrse reported 1solation of unidentifiable
virases from buman feces and from the spinal cord of a patient with polio-
myelitis 47 Thus a derable number of cytopathic agents not
pathogenic for animals have been isolated 1n the course of studies on polio
myelitis At present one may only speculate regarding the posstbihity that
among these new viruses there 1s represented a fourth antigemc type of
virus that 1s path for man and not for the monkey
Note may here be made of yet other cytopathogenic agents encountered
n human feces The virus of herpes stmplex not uncommonly recoverable
from stool matenal % has been observed to be highly cytopathic for human
tissues i varro * In our laboratory Neva ° has recently obtamned from the
stools of 7 patients with an epidemic exanthem apparently new agents which
produce morphologically sumilar cytopathic changes i cultures of certam
human tissues
Our studies on the etiological agents of varicella and of herpes zosterSt
represent a different field of investigauon wheremn cytopathic changes have
permitted recogmition of the presence of an agent From the cutaneous
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lestons of 7 cases of vanicella and 3 of herpes zoster agents have now been
1solated 1n cultures of human tissues that produce an unusual type of focal
cytopathic change In affected areas the cells are swollen and almost um
formly contain intranuclear inclusions Senal transfer 1n culture has been
successful only when tissue suspensions have been used as mocula but 15
then hished without d; Ity This app fadlure of
matenal to appear 1 the fld phase of the culture 1s a peculianty of these
agents which distingwshes them from those previously discussed A certam
amount of confirmatory evidence relating to therr etrologrcal relationship
has been educed from serological tests as will be noted shortly
Recogmtion of Virus by Detection of Antigen 1t Culture Matertal In con
trast to the recent expl of the cytopath ph as an
mdicator of the presence of virus i vitro relatrvely few mvestigators have
utihized tests based on the detection of viral antigen in cultures Yet several

di 1c app are already app and may be adopted profitably
1 the study of agents that do not produce cytopathogenic changes of the
pohiomyelitis type

DETECTION OF COMPLEMENT FIXING ANTIGEN Complement fixing anti
gen has been demonstrated by Maitland and Laing® m cultures of vacciua
virus and by hunz ? 1n cultures of mumps wirus The demonstration by
Svedmyr and coworkers®* 55 that the mucro method of Fulton and Dum

bell’® was applicable to the d of pl fixng antigens of
poliomyehitis virus cultivated i1 vitro has provided a procedure of potential
ful for the 1d: of unk agents 1solated 1n cultures

Neva® thus has used the mucro method to obtain evidence on the etiological
sigmificance of a virus 1solated from a pattent with an umdentified exanthem
The same tech has been employed to tigate agents solated from
varicella vesicle fld Convalescent phase sera from patients with chicken
pox have been found to fix complement mn the presence of culture antigen
the specificity of this reaction 1s under 1nvestigation 57

DETECTION OF HEMAGGLUTININS PRODUCED I¥ VITRO In 1948 we ob-
served that the viruses of mumps and produced
on propagation m cultures of chick tissues 2* and the detection of hemag
glutiuns m cultures has now been employed by various workers to assay
multiplication of these agents A method suited to large scale diagnostic
studies appears to be that developed by Fulton and Armutage 5 Influenza
virus was d m f) of chick chor em
ploying a plastic tray with cups for 100 cultures Virus was demonstrated
by the addition of red cells to the culture cups Other hemagglutinating
agents such as the virus of fow! plague®® Iikewise produce hemagglutinmns
1n culture suggesting that this method for detection of antigen will have
a place 1 the diagnostic armamentarium

THE DETECTION OF ANTIGEN BY APPLICATION OF FLUORESCENY ANTI
BODY TECHNIQUES The ntroduction by Coons and coworkers® ¢! of spe
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afic fluorescent immune serum as a histochermcal mdicator has opened up
new hes to the d of virus )t

labeled specific antibody Watson® was able to demonstrate the localization
of mumps virus 1n cultures of chick tissues Recently Coons and cowork
ers®! have prepared a fluorescein antt human gamma globulin complex As
applied to the detection of virus m tissue culture matenal 1nfected cells are
first layered with serum suspected of contaming specific antibody after
washing this 1s followed by exposure to the fluorescetn antiglobulin com

plex and under the this
techmique we have noted 1n prels Y exp briliant

of focal lesions mn tissues moculated with varicella vesicle flmd matenal
when the section has been treated with convalescent phase chickenpox
serum and mimmal or no fluorescence when treated with acute phase se

um®? from the same patient

Use of Tissue Culture n the Immunologic Diagnosis
of Viral Infections

A major portion of this paper has been concerned with the consideration
of phenomena applicable to the detection of virus 1n cultures Yet 1t 15
probable that the diagnostic laboratory will more often be concerned with
the spectfic inhibition of certain of these phenomena than mn their use as an
mdicator of the presence of virus on prmary 1solation

In vitro neutralization tests for the assay of specific antibody as measured
by inhubition of cytopathogenucity of a virus have been most widely apphed
i the field of pohomyeltis research It 1s apparent that strams differ m
cytopathic potentialities® 83 and that selection of the test viruses 1s neces
sary Investigations on the vanables mvolved 1n this i vitro neutralization
test are 1n progress In one such study carned out by Ledinko and Mel
mck % the results of tests mn cultures
closely with those obtamed by the classical methods with the monkey and
the mouse Already however application of this method has permmtted
accumulation of much valuable data Thus Salk and his coworkers®? have
assayed the antibody response m children following admmistration of 1n
activated poliomyehts viruses Melmick and Ledinko®® have determined the

incidence of mapparent nfectron m a population group during an epidemic
period

General Considerations on the Use of Tissue Culture Methods

In 1 I wish to di a few general pertain.
mg to applications of the tissue culture method Already it 1s apparent that
for the study of certain of the virus infecttons of man that mamifest a high
degree of host speaificity the tissue culture tube may effectively for many
purposes replace the human volunteer or the monkey The culture as noted
almost 20 years ago by Cox  may be a more sensitive mdicator of virus
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than the expenmental animal Tllustrative of this pomt 1s the experience of
Horstmann and McCollum™ who ot d four 1sol of poll it
virus from blood 1n cultures and failed with the same materral on nocula
tion mto monkeys Even in those cases where the sensittvity of the two
methods 15 essentially the same the culture techmque may be mampulated
to provide 2 more efficient indicator than the ammal since 1t permits the
testing of larger volumes of 1nocula than can be mtroduced nto the hving
host by the appropriite route In contrast with the embryonated egg the
prolonged periods of mcubation that the culture affords may permmt detec
tion of agents that multiply slowly or become gradually adapted to growth
1 the new environment Considerations of this sort have justifiably sumu
lated studies such as those of Henle and cow orkers® on mnfectious hepatitis
and of Andrewes and coworkers” on the common cold

Yet 1t 1s well to stress the mmperfect state of our knowledge regarding
vanables affecting multiphication of viruses tr vizro In the past certain
investigators have 1gnored the possible presence of specific antibody
serum employed as a constituent of the medium  Little study has been made
of the content of nonspecific viral mhibitor 1n culture components An
drewes 7 for example has noted an anu hemagglutinin for influenza virus
elaborated 1o cultures of nasal tissue Our knowledge of cell types suscep-
tible to the cytopathogenic effects of various viruses 1s fragmentary asis
our ki dge of the op bolic state of cells for the demonstration
of this phenomenon In the case of the poltomyelitis viruses 1t 1s apparent
that cytopathic manifestations appear when cells are nounshed with a
sumple maintenance medum  yet for the agents solated from varicella
vesicle flurd active cellular multiplication appears necessary for the com
plete d of specific morphol 1 changes 7 Lattle attention has
been paid to the possible concurrent prop of non
viruses mnadvertently derived from either man or constituents of the culture
and to the possible nterfering effect of such dden viruses upon those
under mvestigation It 1s also now apparent that one must take account of
the possible presence of other types of pathogens m matersals examined by
the tissue cultture method Randall and Hackney * have reported the devel
opment In tissue culture of Hestoplasma from naturally infected human tis
sues We have recently observed that Toxoplasma will multiply freely m
roller cultures of human tissues and 1 so dotng produce a diffuse cytopathic

effect ™
In conclusion 1t should be h d that these | y remarks
are made not 1r an attempt to depreciate the value of the tissue culture
h to the d of viral but rather to mndicate the need

ig; cnitical investigations in a rapidly developing field
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An Evaluation of Diagnostic Procedures for
Virus and Rickeftsial Diseases

Edwin H lenneite
Viral and Rickettsial Disease Laboratory California State Department of
Public Health Berkeley Cohfornia

The remarkable advances in the field of viral and nckettsial diseases
dunng the past few years have served to nge the physiczan and the health
officer an that p m the
of some of hus problems 1s availabl In q there has been an ever
mncreasing demand for such assistance and within recent years a small
handful of laboratories whose primary nusston is to provide diagnostic
assistance has been established It 1s to be hoped that more laboratory
facilities devoted primanly to diagnostic problems will become available
In the case of serologic met} lly the for the
of a number of discases have been simplified to the extent that they can
readily be undertaken by small public health and hospital laboratones and
1t would be desirable to have such Iaboratories incorporate at least some
of the viral serologic tests mto their sphere of activity The complexity of
certam procedures however places them beyond the scope of the small
laboratory and mto that of a Central Reference Laboratory whose func
tions require the tramed personnel equipment and facilities that character
1ze a research laboratory

Because of various factors some of which 1 tmst will became apparent
as this 1 the ph phy of a d ry and
1ts approach to a pmblem differ from that of a research laboratory It 1s not
my purpose to discuss the problems of the rescarch laboratory these are
famliar to most of you It s my mtentmn however to present for your

d some of the probl of a y Although
the tools are common to both their application and the methodology may
be quite different Also a factor which may constitute no problem or a
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mmor one to a research laboratory may be a major one to a diagnostic
Taboratory

Microscopic Methods

Microscopic methods include the exammation of fixed and staned tissue
sections for the presence of pathologic change as well as the exammation
of imprint preparations and smears from tissues flwds exudates etc for
the presence of mclusion bodies abnormal cells and even the agent

Histopathologic methods are litle used since 1n general therr value
11 establishing an etiologic dragnosis is quite hmited Thus m the enceph
ahtides such methods are of no value m providing an etiologic diagnosis
although they may serve a purpose m differentiating mfectious processes
from non ones or from the d | g
ones seen mn the post vaccinal type of encephalitis Of the few instances m
which these methods serve to reveal etiology there comes to mund almost
immedately the examunation of bramn tissue for rabies virus infection and
the examnation of Iiver tissue obtamned at post mortem or by viscerotomy
for yellow fever Histologtc methods are also useful 1n the exammation of
tissues from ammals used m virus 1solation work eg the Coxsackie group
of viruses In the latter mstance examunation of the bran muscle and
pancreas serves to give a rough classification of the agent as to group if
more detatled or precise information 1s required the agent must be typed
by serologic means

As to P of impnnt p or smears this
finds a hat wider but the reached through
examations should be supported or confirmed by another method usually
1solation of the virus This 1s 1 addition to the usual admonition that the
mterpretation should be based on a consideration of the epidermologic and

chinical data which 1 my at least a virus ref
laboratory only seldom receives Perhaps the widest use of the microscopic
techmque 1s 1n 1ts to rabies a which existent or sus-

pected provides the laboratory with a large amount of matenal for direct
evammation However because errors in mterpretation can occur even m
expertenced hands and because occasional preparations apparently contan
00 Negn bodies although the virus 1s present m the tissue confirmation of
all mterpretations 1s sought through routime moculation of the specimens
for varus 1solation

The presence of herpes simplex virus 1n lesions of the oral cavity pre
sumably may be detected through the presence of mtranuclear mclusions 1n
cells obtamed through scrapmgs from Jesions of the gingival or buccal mu
cosa Blank and tus associates® have confirmed Tzanck s observations? that
2 wirus type” multinucleate gant epithelral cell 13 present n scrapings taken
from the penpheral portion of vesicles produced by the viruses of herpes
sunplex herpes zoster and vancella These pathognomonic cells apparently
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are not found 1n vesicular lestons of the skin due to any other cause, and
their presence rules out variola and vaccrma  Additional laboratory pro-
cedures are required to differentiate between herpes simplex and herpes
zoster infections It has also been reported that differentiatton between
the elementary bodies of herpes simplex herpes zoster and varcella 15
posstble by means of the electron microscope I doubt however that many
diagnostic laboratories will be able to justify acquisitton of an electron m
croscope for such a purpose

Dufferentiation of variola from varncella or its recognition when 1t occurs
in the vaccmated person 1s not always sumple on chimcal grounds alone
and the laboratory 1s frequently called on for assistance The value of
stamed smears from skin lesions has been pomted out by van Rooyen and
Ilingworth # The method 1s applicable primanly to smears prepared from
papules and from vesicle flud the results with pustular material are less
reliable because of the obscunng debns The usefulness of the method
depends upon the careful preparation of the smears a factor of which
few physicians are aware The correct interpretation of the findings requires
some expenence Even so the mterpretations must be evaluated on the
basis of the patient s climical data and his emdemiologic background More
over as Downie emphasizes confirmatory methods should be employed *

In addition to the agents of vanola and vaccima the other larger viruses
and nickettsize may often be detected by drrect microscopy Thus in the
case of birds suspected of ormithosis smears prepared from the enlarged
spleen or the air sac may reveal the presence of the virus Stmilarly ex
ammation of pus from the buboes of lymphogranuloma venereum may be
helpful Here too direct microscopy should be regarded as an ancillary
method and should not replace 1solation of the virus

Isolation Methods

The 1solation and identification of an agent 1s a rather protracted pro-
cedure Because of this and because of the heavy demand 1t places upon
the time of technical personnel 1t 1s avorded msofar as 1s possible 1n routine
diagnostic work A further objection 1s that from the diagnostic standpomt
1t seldom gives any more information than can be obtamned by serologic
methods which are sumpler and much less costly

There are of course some conditions under which 1solation of the agent
1s desirable One such condttion has already been mentioned viz  the need
for confirmation of interp based on methods  Also
attempts at recovery of an agent are almost mandatory m trying to reach
a dragnosts 1n obscure or vague condittons of presumed viral etiology Fi
nally wirus 1solation pts are frequently d le m to
resolve the problems confronting a health officer in the presence of an out
break of unknown etiology The latter situations represent In essence re
search problems but they must be undertaken if we are to learn anything
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of the etrology of diseases of uncertamn causation and if we are to discover
new agents which can tually be employed for d purposes

It has been stated that 1n a few diseases the 1solation and identification
procedures are so sumple that diagnosis of the infection can be made even
during the patent s diness 1e  withn a matter of 2 few days to a week
This leads the climcian and the health officer to assume that such a pro-
cedure 15 feasible under all conditions and circumstances and 1t 1s difficult
for him to comprehend the objections raised by the laboratory when 1t 15
suddenly d with the of b ds of Un
dertaking 1solatton of the causal agent m 2 suspected disease such as mflu
enza poses a number of practical problems First of all even though the
individual may have nfluenza as subsequently proved by serologic tests
the virus may not be present for one reason or another in the throat gar
glings as recerved in the laboratory before this 1s ascertamed however at
least two and perhaps three passages will have been made m embryonated
eggs In accordance with the dictum that negative findings have far Jess
significance than posive findings (although the significance of the latter
must now be qualified i the ight of recent observations) fallure to recover
the agent does not rule out the disease Secondly since identification of
influenza virus usually s based on the appearance of hemagglutinms not
mfrequently several passages are required before the hemagglutimn titer
attamns a suffictently high level to permit 1dentifying whibition tests to be
conducted Even when the complement fixation method 1s used several
passiges may be required before the virus produces 2 sufficiently potent
antigen to permut tts identificatson  Finally matenal submtted to a diag
nostic laboratory cannot be stored for examination at leisure or when op-
portunity affords but must be examined on a current basis Consequently
when many hundreds of specimens are to be examned over a matter of a
few weeks or a few months the task confronting the laboratory 1n the
light of the above considerations 1s one of no mean magmitude

If virus 1solation 1s undertaken certamn requirements must be met to
weigh the balance in favor of success These requirements usually are
stated 1n some general manner such as (a) the proper materal (1e ma
tenal in which the virus 1s generally found) must be collected at the proper
stage of the illness (b) the viability of any agent which may be present in
the material should be protected from the tme of collection to the time of
moculation and (¢) the material must be 1noculated 1nto a sutable labora
tory host Although the meaning of these generalttes apparently 1s clear
when they are read casually questions arise when one attempts to put them
1010 practice

A general mdication as to when matenals should be collected 1s given
nt Table 1 which 1s adapted from Horsfall and hsts those periods m rela
tion to the evolution of the illness during which the virus might be expected
tobe present or to be absent From the standpoint of clinical medicime the




352 DYNAMICS OF VIRUS AND RICKETTSIAL INFECTIONS

Table 1

RELATION OF STAGE OF ILLNESS TO PRESENCE OF VIRUS IN TEST MATERIALS
AND TO APPEARANCE OF SPECIFIC ANTIBODY

Speaific
Peniod of Virus detectable antibody
fllness n test materials demonstrable

Incubation Rarely
Prodromal Rarely
Onset Frequently
Acute phase Frequently Frequently
Recovery phase Rarely Generally
Convalescent stage Very rarely Usually

Adapted from Horsfall

period of mcubation can be ommtted from consideration since 1t 1s only
under very unusual circumstances that the patient 1s seen at thrs stage of
the mfection The prodromal period too can be dismissed for simtar
reasons Usually the patient 1s first seen by a physician at the time of onset
or shortly thereafter and it1s at thrs time that materal 1s collected for ex
ammation if a viral mfection 1s suspected The usual expenence has been
that the agent 15 detectable dunng the early stages of the illness but not
when recovery 1s under way or essentially complete The divston of an
1liness 1nto an acute and recovery phase 1s not susceptible of ngid scparation
on a temporal basis and the practicmg physician cannot determmne 1n any
given llness when the most propitious time for the collection of matenal
has passed More precise formation as to the number of days post onset
1t 15 possible to detect virus i a given matenal for a particular disease
would be helpful This would not only increase the chances for successful
recovery of the agent but would help ehmmate much of the useless testing
to which a laboratory 15 subjected 'We might also point out that an analogous
situatron exists with respect to blood specimens for serologic studies Most
patients are not seen or chnreal suspscion 1s not aroused for a varable
number of days after the onset of the illness It 1s difficult 1n such instances
to decide whether the first blood specimen obtained represents an acute
phase or a recovery phase specimen and to decide when a second specimen
should be taken or even whether 1t can be expected to show anything if 3t
1s taken Here too more precise information 1s needed as to how soon anti
body appears how rapidly 1t nses the maximal levels attained and the
penod of persistence It 1s true that a certam amount of mformation on
these two aspects 1s available 1n the hiterature but the observations are too
few sofar as I am aware to permut a statistical evaluation
Problems are associated too with respect to the type of materal to
collect for examunation In the case of the patient whose illness termmates
fatally this 1s Telatively easily answered since the tissues which form the
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site of prediection for the virus represent the matenal of choice Further
more additional tissues may be taken for extra good measure As for the
lwing patent the presence of virus has been demonstrated m the throat
washings of patients with such diseases as pohomyeliis influesza mumps
and b 1 sputum 1 wd with p or the so-called
viral pneumomia m the saliva 1 cases of rabies and m the stool of mdi
siduals with poliomyelitis In other diseases the varus hias been recovered
from the blood as for example yellow fever dengue Colorado tick fever
V eguune htis and the r In the central
nervous system 1nfe by of fluid 15 almost m
vanably recommended It1s true that a number of agents have been 1solated
from cerebrospinal fluid but the number of such positives reported 15
hardly impressive and 1t would be mteresting to know what the proportton
of positives would be 1f the total experience were recorded In the light of
our expenience I assume that the successful recovenes reported tn the
Iiterature were the result of work done under tdeal condttions Such condi
tions obtamn only when the diagnostic laboratory 1s an mnttmate part of the
hospital or 1s located mearby Our laboratory recetves matenal from the
entire state and we have yet to 1solate a virus although over the past few
years we have tested many hundreds of specimens of spmal fluuld We have
therefore come to the conclusion that insofar as a Central Virus Reference
Laboratory 1s concerned spmal fiwd 1s a poor source matenal for virus
isolation attempts Finally there remains that comprehensive category of
diseases whose nature 15 so vague or obscure that diagnostic assls!ance 15
urgently sought Itis tn this group esp that one
as 10 the type of matertal which should be exapuned If m order to be sure
that all possibilities are covered a vanety of matenals 1s collected the
laboratory soon finds itself conducting essentially a research problem on
each such patient

1t appears to me that 1t would be worth while to re-examne the patho-
genesis of many virus diseases with the view of determimng more closely
the routes of excretion of the virus and of applymng this knowledge to
diagnosts Let us consider for a moment wnfections of the central nervous
system It s stated that m lymphocytic choriomenmgitss and 1n St. Lowms
encephalitis the virus 1s present i the cerebrospmal fluid Yet as I have
ponted out above we have never been able to 1solate any viral agent from
!lns source Sumlarly 1t 1s stated that viremua 1s commonly present n

and 1n V equine

but no! m Eastern or Western equine encephalomyelitis St Lows encepha
hts or Japanese B encephalitis On the basis of such wformation vurus
1solation attempts 1 the case of lymphocytie choriomemngitis and Vene
zuelan equine encephalomyelitis should be directed at the blood stream 1n
the case of the other diseases this would apparently be pomtless Conse
quently the only recourse left m these latter diseases at least under the
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P 2 d of a ref Iab: y such as ours 1s to conduct
serologic tests It occurs to me that 1t might be of value to study more
mtensively the possibility that viremsa exists m some of these diseases
Swlarly since Ve fan equine hal virus has been recov
ered from the throat washings of patients ©7 the possibility that the causal
agents of such diseases as Western and Eastern equine encephalomyelitis
and St Lows and Japanese B encephalitis might also be detectable m throat
washings deserves mvestigation

Assuming that appropnate matenal for study has been taken and that
1t has been taken at the appropnate stage of the iliness due care must be
taken to mnsure the viability of any agent which might be present Under
those conditions 1n which the matenal can be submoculated rather promptly
mto surtable Iat y hosts this req; presents no problem When
material 15 sent to a laboratory at some distance however snceess 15 often
Jeopardized by failure to observe this pomt It ts generally accepted that the
spectmen should be placed under refrigeration as soon as 1t 1s taken and
that 1f 1t 15 to be sent any distance 1t should be shtpped under refngeration

Dry 1ce 15 always recommended because 1t produces a very low temperature
and 15 used for the storage and preservation of vruses m the Jaboratory In
many areas dry 1ce 1s not obtamable and m such cases we recommend the
use of wet ice although thus apparently 1s unorthodox Shipping instructions
sometimes direct the use of a thermos jug which 1s not very practical for
a number of reasons—few phystcians have these avatlable for one thing
but the paramount objectson 1s the high loss from breakage We have found
that one of the most practical methods of shipment 1s to place the well
sealed specimen containet 1nto a small carton contaming cut or crumpled
paper and to place this carton withm a larger cardboard box contang
suffictent dry ice to keep the specimen frozen during the journey and plenty
of cut or crumpled paper (or wood shavings) to act as a shock absorber as
the dry 1ce evaporates * I should like to emphasize that while shipment
under refrigeration may represent the 1deal step 1t 1s not 2 very practical
procedure m applied diagnostic virology since few physicians have the time
or the facilities to ship specimens under either dry or wet ice refngeration
Years ago a solution of 50% glycerm 1n buffered saline was used for the
preservation and storage of viruses and 1t would be destrable to investigate
the use of this or a simtlar menstruum for the shipment of viral agents with
out refngeration

This bnngs us to the third requirement viz  subinoculation of the col

Jected matenial mto switable Jaboratory hosts The varety of Jaboratory
hosts available 1s not large and their use 1s governed by thewr availability

and cost 1 do not propose to discuss the virtues and the faults of each

» cellent mailmg contamner s the type used by the Army Medical Service
Gmé::t: ‘Schnol, and manufactured by the Holl nger Corporation Arlington Virginta
s made of fibreboard s well msulated and s surprisingly hight
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laboratory host but rather have selected several which will sltustrate the
differences 1n approach to a problem by a diagnostic laboratory and by a
research laboratory and why certam factors which are of no great moment
to the latter are hughly ymportant considerations to the former Thus no
diagnostic laboratory wath 1ts mited budget and personnel could operate
very long 1f 1t attempted the use of monkeys as laboratory hosts for routine
Neverth stool sp are subi from
cases of suspected poliomyelitis especially during the period of hughest
prevalence of this disease The physician is aware through the hterature that
1solation requires the use of monkeys but 1s unable to see that a line must
be drawn between diagnosis made on a single mdividual for cltnical pur
poses and diagnosis made on groups of individuals for the purposes of
epidemiologic studies
‘The mouse 15 a basic laboratory ammal and 1n addition to susceptibility
the factor of age 15 of importance It 15 now well known that suckling mice
are highly susceptible to a number of agents to which adult mice are com
pletely or almost completely resistant Thus the use of new born mrce has
served to uncover a whole new group of agents pathogenic for these very
immature anymals On the other hand 1t 1s posssble that an agent may grow
better 1n the mature than mn the young ammal as for example 1s true of the
Lansing stram of poliomyelitis virus although the latter admittedly has had
a long penied of adaptation to the adult mouse Because of such considera
tons we use both new born and adult mice for virus isolation purposes
This takes 1nto account the fact that newly 1solated viruses do not always
behave ding to the d of properties given in text
books descniptions which are based on expenmental work employing highly
adapted laboratory strams Our experience with such a siuation concern
g the St Lows encephalitis virus has already been recorded ® By way of
further illustration we mught use the herpes stmplex virus Descriptions of
this agent charactenize 1t as producing plaques on the chorio-allantorc mem
brane of the embryonated hens egg and keratitis on the rabbit cornea In
our expertence newly isolated strans may or may not produce plaques and
through p: passage 1s required for plaque pro
duction Smularly 1noculation of the cornea does not mvanably produce a
keratits and we do not rule out herpes simplex virus because a keratitis
does not develop mstead the inoculated rabbits are bled after ten to four
teen days to determne 1f herpetic anttbodies have appeared
The use of the developins chick embryo® represents a basic tool 1
virology and its value and versatility have recently been reviewed 1n an ex
cellent article by Cox ! Vanous routes of moculation can be used for spe
cial purposes but the amnzotic and the yolk sac routes probably are those
most commoaly employed for solatton watk There 1s 3 vanety of tech
mques for inoculation and for passagmg but I should like to pomt out that
only the simplest are the most useful 1 large scale work The window tech-
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operating conditions of a reference laboratory such as ours 1s to conduct
serologic tests It occurs to me that 1t might be of value to study more
itensively the possibility that viremia exists m some of these diseases
Swmlarly since Vi equime phal virus has been recov
ered from the throat washings of patients* 7 the possibility that the causal
agents of such diseases as Western and Eastern equme encephalomyehus
and St Lows and Japanese B encephalitis might also be detectable i throat
washings deserves mvestigation

Assuming that appropriate matenial for study has been taken and that
1t has been taken at the appropriate stage of the illness due care must be
taken to msure the viability of any agent which might be present Under
those conditions m which the matenal can be submoculated rather promptly
1nto surtable laboratory hosts this requirement presents no problem When
material 1s sent to a laboratory at some distance however success 1s often
Jeopardized by failure to observe this pownt It 1s generally accepted that the
specimen should be placed under refrigeration as soon as 1t 1s taken and
that if 1t 15 to be sent any distance 1t should be shipped under refngeration
Dry 1ce 15 alnays ded because 1t prodi a very low temp
and 1s used for the storage and preservation of viruses in the laboratory In
many areas dry 1ce 1s not obtamable and mn such cases we recommend the
use of wet ice although this apparently 1s unorthodox Shipping instructions
sometimes direct the use of a thermos jug which 1s not very practical for
a number of reasons—few physicians have these available for one thing
but the paramount objection 1s the high loss from breakage We have found
that one of the most practical methods of shipment 1s to place the well
sealed specimen contaner 1o a small carton contaming cut or crumpled
paper and to place this carton withmn a larger cardboard box contaming
sufficient dry 1ce to keep the specimen frozen during the journey and plenty
of cut or crumpled paper (or wood shavings) to act as a shock absorber as
the dry 1ce evaporates * I should Iike to emphasize that while shipment
under refrigeratton may represent the 1deal step 1t 1s not a very practical
procedure 1n applied diagnostic virology since few physicians have the time
or the facilittes to ship specimens under exther dry or wet 1ce refrigeration
Years ago a solution of 50% glycerm i buffered saline was used for the
preservation and storage of viruses and 1t would be desirable to mnvestigate
the use of this or a stmilar menstruum for the shipment of viral agents with
out refngeration

This brings us to the third requirement viz  subinoculation of the col
Jected matenial 1nto switable laboratory hosts The variety of laboratory
hosts avatlable 15 not large and therr use 1s governed by therr availabiity
and cost 1 do not propose to discuss the virtues and the faults of each

ellent mailing contatner 1s the type used by the Army Medical Service
G 'é::t:gccbool and manufactured by the Hollinger Corporation Arlington Virginia
k?& ‘made of fibreboard 15 well insulated and 15 surprisingly light
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The use of in ovo neutrahzation tests has been assocrated almost entirely
with special studies The method has found ttle acceptance m dragnostic
laboratones

In 010 neutralization tests have employed three types of endpomt for the
determmation of the nentraltzing activity of sera The first of these end
points 1s based upon the ablety of the varus to produce plaques or pock like
lesions on the chono allantorc membrane The degree of neutralization
which occurs 15 based on the quantitative reduction m the number of virus
Particles capable of producing lestons which 1s mdicated by the number of
plaques produced The techmque ts t requires d
expenience and 1s open to a number of errors which have been discussed
by Bumet and Faris 13 Estumation of the infectrve titer alone 1s apt to yield
somewhat vanable results and 1n the presence of serum an addittonal error
1s mntroduced 1nto the method by the lack of proportionality between virus
dilutions and plaque counts ¢

The chorio-allantoic membrane technique does not appear to be as well
suted for the quantitattve measurement of antibody as does a simpler
techuque based on a lethal endpoint Inasmuch as determination of the
neutralizing capacity 1s based on the death or survival of the embryo some
What larger numbers of eggs must be used than are required by the pock
countipg technique However mfections with virtually all of the viruses
which produce lethal effect 1n the chick embryo are much more readily
diagnosed by i vitro scrologic methods

The third test which bas been widely used 1 work wath tho ¢ viruses
which produce chuck cell hemagglutnins has an endpomt based on the

or non of 1 mdvidual eggs mocu
Iated with the serum virus muxture In this test a second set of varables
1e the presence or absence of hemagglutmms 1s mtroduced and adds to
the 1nberent variation already present m the method Examunation of each
€gg or group of eggs for the presence of hemagglutinias represents an unde
Sirable additton to the work load and the wformation denved from this
test can be obtamed more readily by i vitro tests

As concerns ammals a number of spectes have been and are used for
Teutralization tests but the albmo Swiss mouse 1s almost the sine qua non
for fests m the di Taboratory nbred
strawns of a high and uniform susceptibility shou!d be used Tn addition the
age of the test animal 1s of importance under some conditions With neuro-
tropic agents both suckling and adult mice are about equally susceptible
to cerebral nfection the suckling mice being on the whole perhaps shehtly
more susceptible Some of these agents however wil wmfect only suckling
ammals when 2 peripheral route of moculation 1s used This property has
been utdized 1n the extrancural neutralization test which has been shown
1o be far more sensitive than the usual mtracerebral method 1738 On the

other hand there are agents such as the dengue virus and the Coxsackie
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nique for exposure of the choro allantoic membrane or similar exposure
of the allantoic or ammotic cavities requires ime Consequently, our stand
ard operating procedure conststs of direct moculation 1ato the chosen site
without any prelminary exposure Direct exposure 15 done only occastonally
and then for special purposes such as plaque counts Stmilarly time 1s not
taken to harvest and process the whole embryo or a part of an embryo
when the fluids alone will suffice

The recent development by Enders and his associates! of a tissue culture
techmque of the fixed cell type for the propagation of poliomyeltis virus
represents an important and an outstanding contributton Stnce its mtroduc
tion the method has been repeatedl dified and sumplified by many
workers and the development i ths field 15 well presented 1n a recent
article by Weller ' Despite the simplification already achuieved the method
1s stadl too 1dy for )| to routine diag on a large scale
The present methods place a disproporttonately heavy burden on the tune
of available personnel 1¢  the number of exammations which can be made
are too few m relation to the heavy expenditure of tume involved and the
method must be made considerably less cumbersome before 1t can be
adopted as a routine dragnostic tool The same 15 true of the recent tech
mque described by Scherer and his colleagues!® i which the tissue element
consists of human malignant epithelial cells This technrque however has
the ment of utihzing cells which can be propagated mdefinitely i vitro and
thus removes dependence upon human embryomic or surgical tissue with
the dant difficultzes of a continuous supply and on monkey
tissues which are relatively costly

Serologic Methods

By far the greatest proportion of exammattons conducted m a diagnostic
laboratory consist of serologic tests I would without hesitation place the
complement fixation test first as the most useful of the several methods and
the agglutination test with specific antigens as the Jeast useful The neutral
1zation and hemagglutination mhibstion tests come 1n between but a dect
ston as to which 1s the more u eful 1s difficult to make the neutralization
test 15 applicable to more diseases than 1s the hemagglutination inhibiion
test although the latter possesses the virtue of bemng 1n many nstances
simpler and Jess expensive than the former From the diagnostic standpoint
the il hut test 1s applicable to few diseases for which
there 1s not also a complement fixation method available

Neutralization Test This test mught be considered first since 1t dates from
the time of Sternbergs work with vaccrmia virus in 1892 1% was used for
many years before adequate 1 vitro methods were developed and repre
sents the criterion by which the specificity and adequacy of other methods
has been assessed The test can be conducted 1n embryonated eggs

Jaboratory amimals or 1n tissue cultures
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While the age of the embryo may as 1n the case of mice be an important
factor in the sensitnvity of the test system this 1s not necessantly true under
all conditions It has been found 2! for example that the greatest degree of
neutralizatron of Eastern equine encephalomyelitis virus 1n 15 day-old em
bryonated eggs occurs when these are woculated by the yolk sac route and
the least amount occurs when moculation 15 performed by the chorio
allantoic route difference 1n the sensitvity of the two routes s the respon
sible factor here and not the age of the test amimals The factor of age
however 1s mdicated mn the fact that 11 day old eggs for example show

degrees of when by either route !

The route of moculation also affects the end results There 1s the well
known cbservation that mixtares of vaceima virus and immune serum may
be non infective 1n the rabbit on mntracutaneous moculation but are fully
mfective on cerebral 1 or on it onto the chorio-allant
membrare of the embryonated egg  Simifarly quantitative neutralization
tests with influenza virus show that many mixtures of virus and immune
serum which are non infective 1n the mouse are infective m the chick em
bryo 28 Likewise a greater apparent degree of neutrahzation of mfluenza
virus 35 obtarned on the chorio allantoic membrane than 1s obtamed when
the allantoic cawity 1s used 2¢ Apparently such results are a reflection of
the differences 1n the amount of unneutralized virus required to wfect one
host as compared with another and of the susceptibility of the host to infec
tion by different routes

Whether mcubation of serum virus mixtures 1s necessary 1s still a point of
some debate Some workers claim that mcubation produces a firmer virus
anttbody umon and thus enhances the neutralizing effect Others however
claim that maxtmum neutralization of virus by antiserum 1s achueved wrthin
a matter of moments and that mcubation produces only varying degrees of
secondary mactwvation of the virus This difference of opinion 1s not due
entirely to the use of different methods and techniques but has ansen even
n mstances where essentially stmilar procedures have been used

1t 1s thus obvious that many factors underlymg the neutrahzation test
have yet to be clanfied Some contributions to thus subject have appeared
duning the past few years and show that the quantitative relationship be
tween virus and immune serum s markedly influenced by 2 number of
variables The most 1mportant vanables appear to be the host-cell system
employed and the route of moculation used 3 The findings of Horsfall and
his co-workers mndicate that if quantitation nvolves the use of materials
containg large amounts of antibody a host-cell system highly susceptible
1o mfection should be employed 3 If as 1s true 1n diagnostic work quantt

tation 15 directed at the detection of small amounts of antibody or of small
tcreases 1 the amount of antibody only comparatively small virus doses
should be used and 1n addition the host cell system should be one which
1s relatively insusceptible and thus permut mfection to supervene only when
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viruses which are pathogente by the cerebral route only for the very imma
ture mouse and not for the mature antmal and consequently neutrahzation
tests are feasible only n the former
The usefulness of the baby mouse has not been fully explored althongh
1t 15 recogmized Objections to the use of the baby mouse for neutralization
tests (and for 1solation procedures too) have been expressed to the effect
that to al 1n} may develop irregularly and hence
a larger number of mice must be used also to obtawn muce of 2 known age
large expensive breeding colones are requred The objection to the mam
tenance of breeding colonies to provide mfant mice has been overcome 1m
large part by the value of these anmmals m virus 1solation work eg the
Coxsackie group of viruses and in the production of superior antigens not
otherwise obtanable eg complement fixing antigens for dengue and for
poliomyelitis (MEF-1 strain) As to the use of larger numbers of mice I
think a more serious objection than that of rrregularly developing barmers
15 to the canmibalism that frequently disrupts tests and requires a repetittion
if as 1s suspected by some this 15 due to dietary factors perhaps a remedy
can be easily evolved
The vanety of methods by which the neutralization test 1s performed 1s
surpristng Part of the variation mght be expected e g differences in hosts
because of their d m ptibility and diff 1 the route of
moculation because of differences i pathogenetic properties between
agents Some techmques have been devised for special purposes such as
providing hugher accuracy 1 a specal study or to permut Jarge scale exam
nation of matenals 1 special surveys or epidemiologic studies Conse
quently the tests differ as to the ratio of virus serum volumes employed
whether or not incubation 1s used and 1f 1t 1s there are differences 1 the
time and the temperature employed Last but not least 1s the matter of
using varying virus-constant serum versus constant virus varying serunl
dilutions The net result 15 the existence of a welter of methodolagy out of
which we should make some serious attempts to bring order
A comparattve evaluation of the various methods 1s difficult because of
the diversity of techmiques employed not only between viruses but even
with the same virus Differences may be encountered i the same host with
the same virus 1if different methods are used Thus using the chono allan
{orc membrane Toute with herpes virus the results of one group of workers
indicated that human sera contan either no demonstrable herpetic antibody
or else a very high level 1 no ntermediate levels were encountered This
all or none ch, of was not J by other
workers ® who used the yolk sac route of moculation and tested varying
ilutsons of serum against a constant amount of virus The differences 1 the
two procedures lay mn the age of the embryo the route of inoculation and
the use of constant virus dilutions 1n one case and of constant serum dilu

tions 1n the other
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unheated normal serum to mactivated test sera to enhance neutralizing
effect may give nise to pecultar results which are difficult to interpret
‘The use of very low storage temperatures for the preservation of specific
antibody however may represent a different situation but there 1s very
Tittle precise information as to the exact value of such a procedure There
have been only a few studies on the comparative stability of anttbodies at
different storage temperatures and these moreover have been concerned
with relatively few specimens stored for relatvely buef penods of tume
Additronal studies employing sufficient numbers of specimens to give re
sults whose can be luated are needed
‘There 15 also the matter of the appropriate virus strains to be used The
tendency 1s to employ well known well adapted strains which usually have
a high passage level and quite concervably are antigemically different from
strains which have been freshly isolated and have few ammal passages For
erample we have observed that the Winkler stramn of St Lows encephahtis
wirus gwves more clear cut results n neutralization tests than does the Hub
bard stran Others® also have observed differences between strams of the
St Lows encephalitis virus There 15 also evidence that antigensc differences
exist between stramns of herpes sumplex virus In neutraltzation tests 1t
would seem as desirable to nse strains with a broad antigenic constitution
as 1t 15 1n the mfluenza hemagglunnation ynhibitron test
Tissue culture methods have served for the assay of politomyelitis ants
bodies but these are still essentially research methods 2nd are confined to
d studies Further of the method 1s necessary as
1s information on 1ts scope and hmitations The eurrent methods are too
costly for routne application not only 1 terms of the mngredients but also
1n terms of the personnel time involved The great simphfication which has
already been achieved indicates that techniques applcable to large scale use
should soon be avatlable However mtensive work on the development of
a complement fixation method should continue as such a method would
have numerous obvious advantages over a cultnral one
Complement Fixation For large scale work the complement fixation test
represents the simplest and the most satisfactory method There 15 a variety
of techmq the Iying 1 the of reagents used
the volumes of each employed the time and temperature of the primary
ncubation penod and the length of the secondary mcubation pertod before
teadings are made The vananons which have ansen over past ‘years in part
are dentved from efforts to avoid difficulties engendered by mpure and in
sensitive antigens and in part express personal preferences m methodology
There 15 no real need for many of these differences today since fairly good
or excellent antigens are available for many of the diseases for which tests
are conducted The dnersity of methods 1s apparent 1n reading the itera
ture or compends on dragnostic procedures covering the commener vical
and nck diseases A d 'y cannot undertak

the use
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comparatively large amounts of unneutralized virus are preseat 1n the test
mixture

Important formation has also been added to the problem of the use of
constant virus varyng serum versus the constant serum varying virus tech
mques tune does not permut of full development and exposttion of this
subject and the mterested reader 15 referred to a recent paper by Tyrrell
and Horsfall * In essence 1t was observed that 1f the slope of the neutraliza
tion hne which rep the rel. hip between the 1 thm of the
amount of virus neutralized and the loganthm of the serum dilution end
pomt 1s greater than 1 0 a large change m virus titer 1s required to reveal
small differences 1n antibody concentration if the constant serum varymg
virus method 1s used For example 1n a virus antibody system with a slope
of 30 a 1000 fold change in virus nter refiects a ten fold increase in ant
body concentration In contrast the constant virus varving serum method
1s supentof mn several respects Measurement of antibody levels 15 more
accurate because even large varations 1 the amount of virus used produce
only small changes n the uter of the serum Also a wide range of serum
diduttons can be examined and the method pernuts the use of viruses with
low titers We hope that the application of these principles will result 1n the
development of tests that are far more satisfactory for dragnostic purposes
than are the current procedures

I should like to take a few moments for other stems that are assocrated
with neutralization tests It 1s widely accepted that sera for neutralization
tests (and for other serologic tests 2lso) should be removed from the clot
promptly and stored i the frozen state This 1s on the basus that the neu
tralnng capacity falls if the serum 1s stored at the usual scebox temperature
of 4° to 6° C the end result bemng that the neutralizing capacity of a stored
acute phase blood may be lower than that of a relatively fresh convalescent
phase blood and thus indicate that a nse i antibody titer apparently oc
curred 1n the interval between the two bleedings Morgan and Whitman *
using Western equine encephalomyelitis antisera showed that sera stored
m the frozen state had a higher neutrabizing capactty than sera which had
been stored at 4 C or had been heated By adding fresh gmnea pig serum
Morgan could restore the activity of sera that had been stored at 4 but not
of sera which had been heated Whitman could restore the activity of both
old and of heated sera by means of fresh gunea prg monkey or human
serum (A hterature summary 1s given by McCarthy and Germer ) T

Actually this heat labile factor 15 a non specific virus mhibitor present
10 normal sera and active agamst a pumber of agents 728 One has fus chotce
of preserving thus non specific neutraliang factor by storage of the serum
1n the frozen state or of destroying 1t by heating at 56° C for 30 yunutes
We are mclined to agree with Gmsberg and Horsfall ® that 1t 1s hazardous
mnheated sera in neutralization tests (and 1n other serologic tests
matter) these authors also pomt out?® that the addition of

to employ
too for that
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produce the desired 15 d prepared by

ths method are said to be reproducible both as to accuracy of concentration
as well as susceptibility to lysts

The sensitivity and specificity are also affected by concentration of the
reagents used and by the physical conditions of the test An example of this
has been provided by Schubert et al"! who compared five complement fixa
tion for the di of the Ther findings bore out
the well known fact that sensitivity and specificity are to some degree in
versely related The most sensitive method of the five was found to be the
least specific and the least sensitive method was found to be the most
specific The other three methods fell in between Preference was given to
one method (the modified holmer) because of the balance between senst
tivity and specificity and also because the procedure 15 widely known The
highest degree of with 2 high sp 15 desirable
smee one 15 dealing with mdividuals as patients and not with individuals
as an eprdemiologic group Overnight mncubation i the celd mcreases senst
tivity as compared with brief incubation at 37 C and hence ts employed for
thus reason as well as for converience Tests with a primary incubation
peniod of one hour have been advocated for rapid diagnosts or  emer
gencies  Tlus only serves to perpetuate the widespread but erroneous belief
that an unequivocal diagnosis can be made on the basis of 2 diagnostic
ttter obtamed through examination of a single specimen of serum

A few words on the subject of non speaific and anticomplementary
reactions may be pertment Non specific reactions are encountered m a
vanable proportion of sera In some cases these reactions are due to ant
gewuc relationships between the test antigen and the control antigen In such
stances these reactions can be avoided by awareness of the existence of
antgenic relationships between certamn viruses or groups of viruses Non
specific reactons may also be due to the presence of unknown tissue com
ponents i the antigen and the use of acetone or benzene-extracted anti
gens serves to remove much of thus difficulty In some instances the
reactions appear due to a heat stable non specific substance in the
serum 2

As to anticomplementary reachions these can be divided inio two groups
vz mionsic and extunsic  The intrinste group compnses those sera n
which the anticomplementary activity 1s an mherent property of the serum
of the indsvidual and 15 not due to faulty technique In some mdividuals
repeated bleedings will give sera which are anticomplementary on every
occaston whereas 1 others the serum may be anticomplementary on some
occasions but not all Lighter* found that 88% of 144 pattents who gave
repeated anticomplementary reactions had syphtlis and suggests that when
ever such reactions are encountered the possibility of syphilts should be
mquired 1nto The extrnsic group compnses those sera in which the anti
complementary action 1s caused by extraneous factors viz bactenal or




362 DYNAMICS OF VIRUS AND RICRETTSIAL INFECTIONS

of a variety of methods for at least two reasons viz the volume of materal
to be handled requires a uniform method for all the diseases and m addi
ton the possibihty of etrors 1s greatly mcreased when a number of vara
tions of the same basic method 15 used The use of a standard procedure

ptable to all lat 1es 15 highly deswrable but until workers are
ready to sacrifice therr personal pref I doubt that dard}
will soon be achieved
The tivity and the of the pl fixation test are

affected by the accuracy with which reagents are standardized 1n relation to
each other In essence the test consists of five vanables three of which—
antigen 1 and hemoly assayed for use m the test on
the basis of a fourth varable sheep erythrocytes which are used directly
in the test The final procedure 1s titration of the fifth varable the serum
under C q ly the 1 fixation test 1s open as
1s any system of variables to an over all error greater than the expected
error due to each of the vartables 3

Titration of the antigen represents one of the vanables Two procedures
are in common use viz the so-called straight kine and the checkerboard or
box titration In the strasght line procedure falling dilutions of antigen are
tested agamst a single dilution of immune serum the box titration employs
falling dilutions of antigen agamst falling dilutions of the immune serum
The former method gives a maxumum dilution of antigen that will fix with
an arbitrary dilution of serum whereas the latter gives the ighest dilution
of antigen that will fix with the highest dilution of serum and thus estab
Iishes what 15 essentially the optimal proportion between antigen and ants
body The unit as determined by the box titration therefore 1s one that can
be expected to geve an amount of antigen that will react with very low con
centrations of anttbody whereas the straight line method gives a umtage
which may be inadequate to do so

The sheep erythrocyte suspension comprises one vanable to which less
attention has been paid as compared fo the others although as Collter et al*
have pomnted out 1t 1s an important one Preparation of the suspension
requires some care to prevent alterations 1n the cells which may affect the
test Suspended cells can be made accurately to the desired concentration
by packing to = mmmum volume This procedure may produce obvious
destruction as s indicated by visible hemolysts More mportant however
1s the change i physico-chemmical properttes winch makes the cells more

ptible to hemoly This latter all can be d d by

erythrocyte fragtlity tests and by changes n endpont 1n complement and
hemolysin titrations Colhier et al®® duscribe a method by which maximal
paching 1s not nccessary The true hematocnit value of an aliquot of washed
eryth t P 15 de d by centnfugmg it in a Bourke
Ernstene hematocnt tube and from this value and that of the volume of
wial suspension the dilution of the ongmal suspension required to

the 1
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additton to the well known examples of mumps Newcastle disease and
agents of the vaccima vanola group hemagglutinins have been found asso-
ctated with a number of neurotropic agents such as the Columbia Sk and
Columbia MM wiruses Theler s encephalomyeliis virus members of the
EMC group the Japanese B West Nile Russian Far East Western equine
St. Louss and Marray Valley encephaliis viruses etc (See for example
list in Casals and Brown )*"

‘While the h i test 1 sumpler to set
up from the standpoint of the mechanics involved than 1s the complement
fixation test this advantage 1s to a large extent nullified and even greatly
overbalanced by 2 number of practical difficulties There 1s for example the
matter of the agglutinability of the red cells Aside from differences in cells
from different ammal species even the commonly used chicken cells may
differ from chicken to chicken Perhaps the extreme ts seen 1n vaccima
where only one of numerous chickens may have suitable cells 8

Another drfficulty d with the h test
15 that 1t 1s refatively stram speaific as 15 exemplfied by influenza virus
Thus charactenstic 1s useful from certain research standpoints since 1t serves
to reveal differences in the antigenic constitution of virus strams differences
which are not revealed by the complement fixation test From the diagnostic
standpoint however this 1s an undesirable charactenstic smce if the antigen
used for antibody determination 1s markedly different from contemporary
strains causing outbreaks detection of antibody nses may be mussed In
practical application this means that the antigen must be broad and akso
that 1n each outbreak or durmng each season prevalent strams should be
wsolated compared with the stramns bewmng currently used and if necessary
replace the madequate test strams In one recent outbreak of influenza B
the sera of many patients showed 2 very low agglutnation intibiting anti
body titer when measured by the Lee strain but a considerable titer and a
d nise when by the Seattle strain Conse
quently ¢ tests must be performed
with the use of several strains of both the Type A and B viruses which 1s
tme-consuming It 1s simpler to do a single complement fixation test for
Type A and Type B viruses which from the diagnostic standpomt 1s ade
quate espectally since there 1s no specific therapy for this disease For
typing of the outbreak hemagglutination mhtbiton tests are done wath
randomly selected specimens found positive by the complement fixation
method

Of course one can use only a single stram each of the Type A and the

Type B virnses m the hemaggiutination wibiuon method for diagnosis
after the nature of the outbreak has been determined as to type While this
may appear to be simpler than the use of the complement fixation test its
execution 13 beset with other difficulties to wit the presence of non specific
nhibitors i buman sera which affect the relability of the test 30 40
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h 1 A 1s alcohol ik such as citrate
oxylate hepanin preservatives and other substances may grve nise fo anti
complementary properties m the serum The predomnant cause of anticom
plementary activity n our expenience has been bacterial contamnation of
the spectmen We do not use preservattves and handle all serums with
sterile precautions at all tunes Simple stenthty tests indicate that a hugh
proportion of the serum specimens recerved contamn contaminating micro-
orgamisms Such sera are filtered through Sertz pads and stored at 4° C
which 1s our routine storage temperature In our opuuon, storage of sera
m the frozen state often deludes laboratory personnel mnto 4 false sense of
security We have observed although we have no statistics as to incidence
that sera which are repeatedly frozen and thawed quickly acquire anticom
plementary activity Whether thes 15 a function of the freezng and thawing
per se cannot be stated smce most of the anticomplementary specimens have
been bacteriologically contammated to some extent Such contamnation
results pnmarily from )! 1n handhng the sp under the sup-
position that good bacteriologic techmques and practice are not necessary
when matenal 1s kept frozen

Everything considered the complement fixation method constifutes a
good test Pams must be taken to titrate all the reagents as accurately as
possible and to set the sensitwity at as high a level as 1s compatible with
specifiaity The use of 50% endpornts 1s a refinement which 1s not required
for diagnosis since a simple four fold nse m titer 15 sufficrent on which to
base a diagnosis Potent antigens however should be used mnsofar as pos
sible since four fold mises may be of doubtful validity when the titers fall
i the very low ranges for example a mse from 1 2 to 1 8 Recogmzing
that a high proportion of non specific reactions may occur at very low
serum dilutions we have adopted a dilution of 1 8 as the imtial one em
ployed 1n the test As more highly punfied antigens become avalable 1t
may be possible to place some faith in these very low degrees of fixatron
but we do not constder 1t advisable to do so at the present time One virtue
of the complement fixation techmque 1s that it 1s but Iittle hampered by the
presence 1n the serum of non specific substances w}uch give nise to so much
difficulty with the k 1 Fur ¢ the

complement fixation method 1s relativel; to stramn di
and for this reason alone 1t 15 1n our opinion preferable to the hemagglu
tinatron t h: for the d of such dseases as influenza
While 1t 18 mle that the existence of stramn differences m some viruses has
been suggested by the I fixation test 3% 1n the senst

tvity of the antigens produced from different strains must be adequately
£ 38

ruled ou
}{ hub! Tests F g the discovery that mfluenza

yaru: the capacity to aggl red blood cells a number of other
vuuses have been found to possess smmilar hemagglutinating properties In
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what seems to be specific antibody may be misleadmg in the examination of
spectmens which contain non specific mhibiter *

As mentioned above hemaggtutimins have been found associated with
a number of neurotropic viruses also and hemagglutination mhibition tests
have been devised for use with these agents In some instances the me
chanics of performmg the basic test appear to be as simple as those 1n the
tests for influenza and mumps In other instances the procedures are rather
complex as ts indicated by the recent work of Sabm and Iis associates on
viruses such as that of Japanese B encephalitis St Louis encephalitis and
Western equine encephalomyelitis 495 1 The St Lowts virus hemagglutimin
1s rather unstable and the comprehensive work of Chanock and Sabin ?
delineates the precautions which must be taken to msure preservation of
the hemagglotimn  Also serum contains a non specific hibitor which 1s
apparently associated with some ltprd constituent masmuch as 1t can be
temoved by extraction of the serum with acetone The diagnostic hemag
glutination mhibition test as pointed out by Chanock and Sabin ! 1s cum
bersome and time consuming It 1s also intricate This adversely affects its
adoption for large scale testing 1 a diagnostic laboratory and 1t 1s hoped
that the can be phfied so that another tool may
be added to the diagnostic armamentarium It would be valuable to know
on the basts of a statistically sigmficant number of observations how soon
agglutination mhibiting antibody appears how rapdly the titer nses dunng
the 1llness and how long 1t persists More detatled information 1s desirable
as to the sensittvity of this method for antibody detection compared with
other methods especially the complement fixateon test

Aggl Tests The specific tests are fea
sible only with the larger viruses such as those of psittacosis and vaccmia
and with the rickettsiae They are but Lttle employed 1n diagnostic work for
several reasons Comparatively pure suspenstons of some of these agents
are difficult to prepare but even where this 1s feasible the tests requrre
rather large amounts of the antigen and the cost alone 1s sufficient to throw
the balance 1n favor of the complement fixation method Whle 1t 1s true
that mucroscopsc agglutmation tests either 1n capillary tubes or on shides
have been described these generally meet with a cold reception not only
because considerably more care must be exercised m executing these tests
than 15 required for macroscopic methods but also because of the greater
degree of error nherent m quantitatne micro methods Macroscopic ag

1 tests are useful i the rick for the
of sera which are anticomplementary

Ot the biologically non specific or heterogenic tests the Weil Felix
method for the diagnosts of the typhus fevers 1s perhaps the best known
Thus test constituted the only diagnostic method for many years until the
specific nickettstal complement fixation tests became avalable about 1940
Stace this latter test 1s bologically specific 1n the sense that a nckettsia and
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Since the most detailed studies of mhibitors have been done with tflu
enza virus (whose hibitors are of the mucoprotem type) this agent may
serve as an example Of the serum inhubttors active agamnst this virus some
are heat Jabide 4! as these are destroyed by heatng at 56° for 30 munutes
they are of no consequence n the test However at least two non specific
ialubitors* which are heat stable are known and 1t 1s these that are of con
cern since they can profoundly affect the results of the test One of these
the alpha nhibitor4 1s destroyed by the receptor destroying enzyme
(RDE) present m ¥ choterae filtrates* and presumably 1s 1dentical with
the so-called Francis mhibitor 4¢ The other or beta mhubitor* 1< not
affected by receptor destroying enzyme and 1s encountered to some extent
1t human sera although more commonly 1n antmal sera

Non specific inhibrtor may be present to such a degree that the true anti
body titers may be 1¢ the inhit may prevent at
much higher ditutrons than does the specific anttbody* Hilleman and
Werner*S found that non specific intubttor of the acute phase blood often
titrated hugher than the specific anttbody A true mcrease in antibody titer
was thus masked and was not revealed untd the paired serum specimens
had been treated with RDE Since the non specific mhibitor 1n human sera
1s prmanly of the alpha type most non specific mhibition can be removed
by treatment with the Vibrio cholerae filtrate which 1s a tedious and uume
consummng step One recourse appears to be the replacement of nhibrtor
sensiive stramns such as the PR FM-1 and Lee which are used m the

Ref: Test for Infl Studies ¢ with strains which are not
sensitive to the mnhibitor The FW-1 stram for example has been found®
to be insensitive to alpha mhubitor and of additronal importance 1t repre
sents A pnime strams of contemporarty prevalence No stramns nsensitive to
hibitor have as yet been found among the Type B viruses

‘The problem of non specific mnhibstors 15 not confined to mnfluenza alone
but can grve nise to difficulties n other diseases where the hemagglitination
mhibition technique 15 used as a diagnostic tool Thus on the basts of this
techmque the viruses of mumps and Newcastle disease were considered
to be antigenically related whereas recent work has shown that this ap
parent relationship 1s spurious * $3 It has been found that 2 non specific
mhibitor 1s present in many sera obtamned from apparently healthy humans®
and that i additton sera contammg specific antibodies against mumps
virus also contain a heat stable heterotypic mhibitor substance for New
castle disease virus 3 While cross reactions between the mumps and New
castle disease viruses are observed i hemagglutination mhbstion tests with

derable freq sumilar cross are only ly en
countered 1 complement fixation tests ®

1t 15 also worthy of note that the concentration of non specific mhibitor

i the serum of an individual may fluctuate considerably from tine to time*?

and also that a four fold increase, 1¢ - a diagnostically sigmificant nse 1n
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these are not necessanly related to the simplicity of the procedure Thus

e T h procedure per se 1s sumple of execution but
if 1t requures the use of a multipheity of strams 1t becomes expensive from
the standpotnt of personnel time Stmarly 1f 1a the case of mfluenza 1t1s
necessary to treat a P of sp under with
receptor destroying enzyme as part of the test the simphcity and the pract
cality of the method 15 adversely affected Likewise aside from the question
of the tole of the Coxsackee viruses mn the causation of human illness 1t ts
hardly practical to conduct 2 battery of a dozen or more complement fixa
tion tests for agents of this group

These points may seem so obvious that you may wonder why I have even
troubled to mention them Yet they are frequently overlooked in the de
velopment of new diagnostic methods 1 virtually every field of microbrology
2nd so lead me to stress the importance and the urgent need for the com
plete and thorough of any new & procedure  Any test
which 1s developed at the laboratory bench should go through repeated
modifications untd 1t 1s made as sumple as 1s possible It should be given a
thorough tral under both clinscal and field conditions so that its sensitvity
and specificity can be ascertaned its practicality assessed and its usefulness
m large scale exammations determned Only after such evaluation should
the method be Igated for routne mad labora
tory One of the major factors leading to stramed pubhe relations between
a diagnostic laboratory and 1ts chentele 15 the premature promulgation for
diagnostic purposes of methods which are too complex 100 time-consum
g or otherwise impractical for apphcation n routne work These diffi
culties are not engendered pnimaniy by the investigators whose attitude
generally ts one of caution and restramnt but by review articles and editorials
10 medical Journals which fait to stress adequately 1f at all the intncactes
and cumbersomeness of a method and tend wirtually to emphasize that the
method can be used to effect a diagnosis Several years ago when the
Coxsackie viruses were 1n high fashion diagrostic laboratones were mun
dated with a flood of specimens for Coxsackie virus studies At the
present time we are having stmilar difficultres with the pohomyehitis diag
nostic problem and the situation ts hardly improved by such well inten
toned but over optimistic editorials as the one which appeared recently
m a leading medical journal ‘Those of you familiar with the current tissue
culture techmiques fully the task rovolved m testing
hundreds of stool specimens for the presence of virus and 1ts subsequent
sdentification as to type and the examination of many hundreds of sera for
Tises 1n titer to each of the three known mmunologic types of poliomyehtis
virus I must emphasize also that the diagnostic laboratory 1s expected ta
conduct these exammations as the matenal 1s recerved so that the 1nforma
tion 15 available on a current basis and not at some time mn the distant
futore The laboratory 1s placed 1n an extremely difficult position when 1t
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not the so-called X strains of Profeus vulgans 1s the cause of spotted and
typhus fevers its use m most laboratories has been preferred ta the Werl
Felix procedure There are many Iustances m which the results of the two
tests are discrepant and oftentimes this can be traced to faulty techmque
in domg the Weil Felix test or to the usc of smproperly prepared antigen
In addition the Weil Felix reaction 1s often posttive 1n a number of con
ditions other than rickettsial mfection A disturbing element has been 1
troduced 1nto the situation through the use of specific antibiottc therapy m
the rickettstoses There have been a number of reports that antsbody forma
tion 18 mterfered with to some extent during intensive antibiotic therapy
and 1n at least one nckettsial disease viz Rocky Mountain spotted fever
1t has been suggested that pl of speaific pl t
fixing antibody may occur whereas the formation of X-agglutmns on
which the Weil Felix reaction 1s based 1s but httle if at all affected ®
C 1y, In some a P ly 1s posstble only
through the use of the Weil Felix test f

The cold agglutmation test and the Streptococcus MG agglutination test
are used 1 the dragnosts of pnmary atyprcal ppeumonia since agglaynins
to group O human erythrocytes or to the streptococcus appear n the
blood of many patients dunng the course of this disease On the whole
only about 50% of the patients® develop agglutimns for exther of these
antigens and hence a positive test constitutes supportive evidence for the
diagnosts whereas a negatrve test does not Tule out the disease It should
be powted out that the cold agglutination test 15 posiive m a number of
diseases and that this test as well as the Streptococcus MG test recently
has been found positive 1n gastro-ententis of children 8 the findings of these
tests must be mterpreted m the Iight of cnical and epidemiologre data

Comments

In this presentation the underlymg thests has been that no matter how
well an immunologic procedure or an ancillary method may serve for the
purposes of pure research or epidemiologie studres 1t does not necessanly
follow that these same techniques or methods are surtable 1n routine diag
nostic work as 1t applies to the everyday practice of medicine From the

dp of the d y an ptable test must meet cer
tain mmum cntena which may be listed as follows although not neces-
sanily m order of thewr 1mportance The test must be
1 Sunple
2 Inexpensive
3 Practical
4 Sensiive
5 Specific
fiesty and y are pnme and a ble test must
havea Jugh degree of both Asto the cost and lhc pracucahty of the method
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must refuse to do examinations because the cumbersomeness of a method
multiplied by the factor of large volume places an mmpossible demand
upon its facilities while the physician on the other hand 1s just as con
vinced from fus reading that a diagnostic method 1s available once he has
been mculcated with the idea that a diagnostic procedure has become
available 1t 1s difficult indeed to convince him otherwise

In conclusion T would repeat that there 1s ample room for the simplifica
tion of basic techniques as applied to diagn virology Indeed the need
for investigations on so seemungly prosarc a subject 1s suffictent to warrant
at least some small part of the financial support accorded more esoterc
inquirtes
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Early Detection of Anhigen as o
Diagnostic Method

John C Snyder
Department of Microbiology Harvard University School of Public Hedlth
Boston Massachusetts

The quest for dragnostic methods by which to 1dentify an iliness m its
early stages has attracted the attention of many workers in many lands
from the beguming of the microbiologic era to the present day As each new
technic or mstrument has been perfected 1t has been explored for potentral

full 1n rapid d. I of a ugh degree has been apparent
1n sone of the attempts but a review of the results shows a drsappointingly
short Iist of successes the falures on the other hand doubtless are far
more numerous than the records mdicate Various lines of approach to the
problem of early diagnoss are dealt with in this symposium It 13 the pur
pose of this paper to evaluate as d methods the p d for
detection of antigen 1 viral and nickettsial diseases in the stage preceding
the development of antibodies It 15 outside our scope to analyze the results
of application of physical or physical chemrcal technics to the study of
viruses and nickettstae such as ifugation ph absorp
tion spectroscopy electron microscopy amino acid amalysis etc These
methods require relatively large quantities of viruses furthermore the re
sults are not hughly characteristic to the pomnt of providing positive 1dentifi
cation without supp di from J! or infectivity studies
Tt 1s also outside our scope to discuss methods which nvolve propagaton
of a virus or a nekettsia prior to its identification Our attention focuses then
on antigens and immunologic procedures

An antigen 1s usually defined as a complex substance the introduction of
which mto a foreign species 15 followed by the formation of antibodies
specifically reactive with the antigen Even though 1t has been clearly estab
fished that mtact rick and viral el y bodies are n

an
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our present discussion direct microscopic observations or electrog micro-
graphs of matenial from the diseased host are not pertinent unless combined
with specific techowes  This the d of
staned prep of 1 scrapings 10 h or wclusion
blenorrhea of nodule contents 1n molluscum contagiostm of bramn tissue
m rabies of skin lesions in smallpox vacomta chickenpox or herpes to
cite a few examples

The paragraphs below mention sery briefly the conventional immunologic
reactions with a few atlustrative examples where pertinent. The emphasis
15 then shifted to the discussion of the status of experimental methods which
seem to be worth further study n the attempt to achieve early idenufication
of antigens

Complement Fixation

For some systems satisfactory CF anttgens are obtained from the tissues
of expenmentally infected animals and consequently the idea has been
entertamed by many workers that there might be enough antigen m mate
nals obtamable from patsents to fix complement 1 the presence of an excess
of known antibody In the seatch for which can fix k
vanous antigens were discovered which were shown to be of smaller size
than the mfectious particle itself and often of distinctly different reactivity
mn the battery of immunologic tests Craigre ¥ i 1932 duscovered the
soluble LS antigen of vaccima Bedson and Lazarus and Meyer 3 described
the antigens associated with pittacosis virus Smadel and Wall*® reported
the 1dentification of soluble antigen 1n lymphocytic chotiomenmgitis Len
nette and Horsfall 4 1 1940 published their studies of soluble antigens of
wfleenza virus Topping*? and Plotz 37 working independently found soluble
antigens of epidemic typhus rickettsiae 1n 1942 Smadel Rights and Jack
s00®® reported their demonstration of soluble scrub typhus antigens m 1946

To what extent have these complement fixtng antigens been useful 1
actual dhagnosis? The one good example 1s smallpox Satisfactory CF tests
1o wdentify antigen m materals from skin lestons were demonstrated by
Gordon * Parker and Muckenfuss 3 Craigte and Wishart 12 and Downie 3
Furtthermore specific CF antigen was detected in the blood of a severely 1l
smallpox patient before the eruption appeared ° further successes 1n this
regard were reported to the sympostum by Downie and by MacCallum 27
Therr findings are of considerable interest and should stimulate renewed
efforts 1 this direction

Except for smaltpox the claims that diagnostic amounts of CF antigen
have been demonstrated 1n the acute phase of viral and rickettsial diseases
of man are viewed with varying degrees of scepticism To tllustrate by one
example Smorodintsev and Drobyshevskaya 1 and Leon * reported that
Serum from cases of typhus fever taken before the tenth day fixed comple
ment 1 the presence of anti typhus serum These nteresting papers were
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and protein content of the ammiotic flnd caused confusion m interpretation
of the curves Although this 1mtial attempt was unsatisfactory I am none
theless confident that the principle involved has ment and I am convinced
that the techmc should be investigated farther preferably with more ver
satile apparatus than the rather crude instrument I used

The electron microscope has been applied to observe the combnatton of
wiral particles with specific antisera by Anderson and Stanley* who noted
apparent swelling of tobacco mosaic virus after contact with rabbit anti
TMV serum Black Price and Wyckoff? published electron micrographs
showmng partially purtfied bushy stunt and southern bean mosarc viruses
after exposure to control and to immune rabbit sera The wviral particles n
the 1mmune serum were clumped and swollen by contrast to those n the
control serum The quantiies of plant viruses used for therr tests were
however tremendous compared with the amounts of ammal viruses or
rickettsiae which are ordinanily expected in infected tissue

Indirect Methods for Detection of Antigen Anttbody Combination

Numerous tricks have been tried to render antigen anttbody combinations
wvisible mncluding procedures hke adsorption of one or both components on
mert particles i suspenston such as carmme ndigo collodion bacterial
cells or red blood cells A few of these tnicks require comment for example
the carmine patticle technic of Smorodintzeff and Fradkina'® as described
for epidemic typhus Dr H R Morgan pamstakingly and exhaustively ex
ammed the carmine particle method as well as several modifications only
to conclude that its apphicability was restricted solely to materials of high
imitial antigen content 3 More encouragmg however was the report of
O Connor and MacDonald™ who applied the methods of Keogh etal 1 #
for coating erythrocytes with polysaccharide antigens to the detection of
specific antigens in the unne of 13 cases of scrub typhus and 3 cases of
murine typhus Their techme mvolves extraction of polysacchande from
proteus OX~k or O\~19 sensitzing erythrocytes with the antigens and
determiming the 50% endpoint of a human convalescent serum m titration
with the sensitized cells Aliquots of the test serum at appropnate dilutions
were mixed with stenile unne after 15 minutes sensiized red cells were
added and the reaction was read 1 an hour The necessary types of controls
were mcluded A change of two fold or more from the expected titer of the
known posttive serum was taken as evidence of antigen i the urine This
development certamly should be nvesugated further and in other systems
to determene its practicability in diagnoss

Another phenomenon myolving red cells was discovered by Dr Shih man
Chang? 1 the nichettsial disease laboratory of the Harvard School of Public
Health By heat and alkah trextment of Rickertsia prowa ekt he obtamed
matenials which render human group O red cells specifically agglutinable
by typhus convalescent serum He named the matenal the erythrocyte senst
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promptly put to test by using specimens from the US A Typhus Com
misston s library of sera from the severe epidemic 1n Cawro 1n 1944 Dr
H R Morgan and I followed the directions of § dintsev lous!
but we obtaied negative results ¥ Later, a student at the Harvard School
of Public Health Miss Harriet Boyd * adapted the spectrophotometnic 50%
hemolysis endpormnt technic to our typhus studies she showed that her modi
fication was 5 to 10 fold more sensitive than the conventional CF test for
detection of antigen From her data and other experiments 1n our laboratory
1t 18 possible to calculate that the minimal amount of antigen detectable by
CF test 15 roughly the equivalent of 10° typhus nckettsiae per ml Expent
ence with other CF tests 1s in general agreement namely that relatively
concentrated viral or rickettstal antigens are required To my knowledge
the micro CF technic of Fulton and Dumbell’® has not been applied to de
tection of antigen 1n human matenal

Combination of Antigen and Antibody
The end stage of the combination of antsgen and antibody under optimum
d 15 the devel of precip or agglutmates which are
visible by ordinary microscopy or by the naked eye For example mn vac
cinta the agglutination of elementary bodies was observed by Paschen® 1
1913 Tanaka* noted flocculation m 1902 The applicability of this simple
procedure 1s restricted to the very unusual circumstances n which a high
concentration of antigen or elementary bodies 1s avatlable
The stages preceding the formation of microscopic or visible aggregates
1 the combination of antigen and antibody molecules have not been ade
quately explored for possible application to early dragnosts I have reference
mn particular to the phenome non of light scattering Inasmuch as the physical
chemust can measure within, 3 fayrly wide range the size and even the shape
of particles too small t0 resolve Iight by observing the 1mntensity of hght
scattered at various angles from the meident beam?® 1t seemed reasonable
to constder the techmic for study of antigen antibody reactions which do not
proceed to the pomt of detection by ordinary means The method has been
applied successfully 1n the study of the kmetics of relatively pure antigen
antibody systems for example human sera vs 1ts homologous horse anti
body *7 erystallme bovine albumin vs parially punified anti bovine albummin
rabbit serum *® and a crystalline yeast deb: vs 1ts b I
rabbit antibody 2 In my own espeniments I tried t0 determine whether
night scattering conld be used to follow the cvents when 1nfected fluds were
brought 1nito contact with a specific antisera for systems 10 which no changes
were observed grossly or by muroscopy In several trials with ammotc
futds from mumps nfected embryos 1n contact with convalescent monkey
serum changes 1n light scattering did 1n fact occur 1 the specific antigen
antibody system but a satisfactary and rigorous control was not achieved
for the reason that « vent shght variauons s the amount of cellular debris
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spread later to the mterior of the nucler where large accumulations finally
were noted Watson*s followed the progress of mumps virus infection of the
chick embryo observing that the intracytoplasmic fluorescent granules were
restricted to those cells which came 1nto surface contact with fected flud
She further determuned that the flucrescent stasmng of tissues closely par
alleled the nise and fall in infectivity of the extraembryome fluds

Dr Coons colleague Dr Chien L at the Harvard Medical School
presented hus fluorescent antibody studses of influenza A virus just a month
ago at the Symp on of the A M Society
m Madison Wisconsm © He has generously allowed me to refer to hus
interesting observations which have not yet been published Dr L ob
served specific staming of the ciliated epithehum of the turbinates of ferrets
undergong infection by influenza A virus The specific stayming increased
1 extent and the affected cells finally desquamated the fluorescence then
was found 1n the cellular debns and in the nasal washings

Dr L was able to study 20 patients in a small epidemic of wmfluenza A
m Cambndge 1n 1953 He obtained nasal washings which were centnfuged
Lghtly to sediment the cells for exammation by the fluorescent antibody
techmic  Virus 1solation and hemagglutnation whibition antibody studies
were The of the methods was defi
mtely ging m this first of the antibody technic
to chnreal cases 1 an epidemic

Summary
The early detection of antigen as a diagnostic method has been achieved
uader certamn circumstances for smallpox but in the case of the other
ammal viruses and the nickettsiae there are no simple relable and prac
ticable technucs as yet Several mteresting observations deserve further m
the antibody method of Coons
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tzing substance or ESS At present the reaction 1s very useful for the study
of antibodies 1n man but unfortunately ways to denve ESS from infected
matenal of relatively low nckettsial content have not been dewised and
q 1o appl of the ph to the d. of antigens
m human acute phase blood or urne has been made Its potentialities 1
dragnosis are being sought mn various directions
Other limes of approach have been tried erther wath no success or with
no ncrease 1n sensiivity over the CF test For example Makan ? tested the
Schultz Dale phenomenon with epidemic typhus materials Dr Shih man
Chang tried to adapt to rckettsial studies the method of McMasters and
Kruse® for the observation of vascular reactions mn sepsitized mice agawm
without encouraging results 5 I shall not go mto other unsuccessful expen
ments but rather devote the remainder of the time to studies made with

Iabelled antibodies
TFechmics with Labelled Anttbodies

Tracer technics are under mvestigation for the study of immunologic
phenomena using I'3* $3% azo-protemns etc The most promusing technic
from the viewpoint of detection of antigen 1s that developed by Dr Albert
Coons of the Harvard Medical School This was referred to brefly by Dr
Weller n s paper on tissue cultures ¢ Dr Coons discovered that antibody

canbe ch 1 d with fl without Josing their
specificity ® and he has ingeniously devised technrcal methods for specific
localization of several different antigens in thin sections or smears of animal
or wnsect tissues The first application of s method to viral and rickettsial
antigens was made by Coons Snyder Cheever and Murray!® who reported
the specific identification of epidemic typhus rickettsiae m cotton rat tissue
and human body lice of Rocky Mountam spotted fever in cotton rat tissue
and of mumps virus 1n monkey parotid gland

These results lead us to determune the sersttnuty of the fluorescent antt-
body technic for detection of typhus nickettsiae and Dr F A Neva 1 the
Harvard School of Public Health laboratory was able to show that here
agam as with the various other techmcs before regularly positive fluores
cent preparations can be obtamed there must be a concentration of rick
ettstae well 1 excess of that which ordmanly occurs 1n human typhus
matenials 2 Drs Neva and Fagan then tned to wdentify rabies virus with
the cooperation of Drs Cox and koprowsky Ther experiments with fixed
virus and street virus both were unsuccessful they encountered non specific
staiming which was not elimmated by the absorption procedures found by
Dr Coons to be adequate 1n other systems 33

Drs Coons Coffin and Cabasso” have had excellent results m detecting
canme hepautis virus m the tissues of expenimentally infected dogs The

viral antigen was found m high m the !
the spearfic antigenic material first appeared on the nuclear membrane 1t
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DR J L MELNICK (Yale School of Medicine) I would like to pay trbute
to Dr Weller s fine paper which has described the mew techmques 1n his
laboratory and which has certamly opened many new pathways to people
workmg m virology One of the most exciting developments s the finding,
that 1 tissuc culture there are certam viruses hike vancella that will transfer
from eell to cell only by contact infection of an fected cell with a neigh
bonng susceptible cell So far this property seems to be associated with
those viruses which produce intranuclear inclusion bodies At least we have
come across another virus producing intranuclear inclusions which can
propagate m this way m tissue culture

We recently 1solated a stran of B vurus from a monkey that was being
used 11 a pohomyelitrs experiment B varus 1s believed to be a common 1n
fection of monkeys just as herpes virus 15 a common mfection of man Both
viruses are antigenically related and both produce intranuclear inclusions
Dr Frank Black has recently adapted this stramn of B virus to epithehal
cultures grown from monkey kidney tissue and the behavior of this virus
1n tissue culture 15 sumular 1n certamn respects to that observed by Dr Weller
for vancella virus

The degeneration of tissue cultures caused by our Jocal strain of B virus
18 distinctive both 1n the effect on indtvidual cells and i the manner 1n
which 1t spreads The first sign 1s the appearance of foct of infecton
(plaques) appearng on the sheet of epithehal cells For the first 48 hours
the mumber of these plaques 15 proportional to the concentration of the
moculum Later many new plaques appear and degeneration soon becomes
general The appearance of secondary plaques may be prevented by addmg
immune serum to the tube shortly after wroculating with the virus In this
case the primary lestons spread gradually until the whole sheet 1s mvolved
It thus seems that the microcpidemrology of B virus infectton 1s of a
type intermediate between that of pohomyelitis and varrcella B virus most
readily infects in the manner of varcella by passing from one cell to
another where they adjoin but it can also infect cells some distance from
the first host by passing throu,h the flurd as does
virus This character may account for the ability of members of the herpes
simplex group of viruses to cause
sons and localized lesions 1n the presence of antibodies

To return to Dr Weller s variella work 1t appears difficult or imposstble
to keep vancella or zoster virus Lomng in senal passage unless he uses whale
cells as passage matertal Yet the cultures can be started by the moculation
of cell free matenial from patients I would Iike to ask Dr Weller Ius m
terpretatron of this apparent paradox

m per

DR R THOMPSON (Indiana Unmersity Medical Center) I would like to
ask Dr MacCallum about the capacity of variola virus to produce char
actenstic lesions on senal passage m the egg Also whether if one passes
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DISCUSSION

Laboratory Diagnosts of Virus and Richettsial Infections

DR RHODES (Moderator) Iam sure Dr Weller the applause will mdicate
to you how much we have enjoyed your talk It 1s so nterestmg to know
this techmique s not restricted to pohomyelitis virus but has a great many
other applications Now we can afford about eight mintutes for discussion
Who would Iike to lead off? Everyone 1s very bashful this morning Maybe
ke Dr Meyer we are not sufficiently warmed up yet Well I would have
one friend I can rely on Dr van Rooyen would you ke to say something
as to the diagnosts of smallpox with which you have had very extensive
experience?

DR € E VAN ROOYEN (C ht Medical R h L 1es Unt
versity of Toronto) The tsolation of vanola virus from the blood of human
cases as early as the second and third day of dlness during the pre-eruptive
phase of the disease represents an important advance in the early diagnosis
of smallpox The geographical location of the British Isles on the major
lanes of air and sea make 1t that lat Yy
diagnostic facthities for smallpox should be well organized and readily avail
able for use 1 all suspected cases In this connection Dr MacCallum s
to be congratulated on having effected the necessary administrattve arrange
ments whereby ship s surgeons have been instructed to apply direct film
scrapng test to all skin eruptions of suspictous character

Although elementary bodies can usually be demonstrated i the early
skin lesions of variola unfortunately in some 25% of cases of smallpox
they are hard to find with the ordmary microscope Consequently the
dragnosts remams 1z doubt

From a hmited number of trals 1t would appear that better results and
a igher percentage of positives may be expected by the use of the electron
microscope Employmng the latter variola elementary bodies appear as large
brick shaped stmctures dense to the electron beam possessing a central
area of electronic density and all of which features are easily recognized
(See van Rooyen C E and Scott G D (1948) Canadian J1 Pub HIth

39, 467)
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without delay of the d di that will esther
providy, a speaific d or ¢l a variety of p 1 Certanly
mternusts and pediatnicians deserve the same help from microbiology that
surgeons and gynecologists realize from the sister basic science pathology
The patient benefits i hospatal days saved by an adequate apphicanon of
Iaboratory medicine The cost of seemungly extraordmary diagnostic aids 15
mn line with ordmary Iaboratory media Each mucrobiologic diagnestc
laboratory should have quickly available a vanety of media for aerobic and
anaerobic cultures as well as embryonated eggs 21-day-old and new born
mice and finally in keepmg with current developments at least the start
of a tissue colture laboratory Dunng the past two years the use of human
and monkey cells 1 culture has opened up many possibilities for speaific
diagnosis For example a stable human cell strain HeLa Gey was reported
last summer to support the growth of at least 8 viruses By having available
known stock antisera for spectfic inhubitton of the effects of each virus 1t1s
possible to apply this approach to the specific diagnosis of viral diseases
wnh an accuracy and rapidity previously unknown To cite a problem that
during the pol; hitis season 1t now s possible to
resolve the diagnosis for many cases with fever pleocytosis and hittle else
For example poliomyehtis can be diagnosed by uvse of tissue culture tech
nques with result in the 1solation and typing of virus 1n from 1 to 4 days
The least time 1n our experience was 12 hours for an afebnle case admitted
vath involvement of the 6th and 7th nerves and a tentatsve diagnosis ol
bran tumor A spectfic diagnosis of p Itis Type 1 was lish
over mght The practical value of t}us approach and of sumlar methods
m saving both hospital days and parents from worry that comes from un
certamty 1s obvious
1In summary bv applying laboratory diagnosti. procedures available for
viral diseases directly to the patient the student or house officer leams the
value and the I of these d how to collect
specimens what specimens to use and which ones not to use Moreover the
recogmtion by the phystcian that such facihities are available should discour
age any immediate inundation of the patient with a vanety of antibiotics and
should lead the hospital staff and students alike to recognize that bacteno
togical studtes are not to be accepted as negative from a single bacteriolog:
cal culture Finally Ido hope that this group as educators wsll accept the
opportumties available for virus dragnosis and encourage the estabhshment
of facilities 1 every modern hospital Retrospective antibody stodies are
not adequate Finally the problems that confront 4 viral diagnostic unut in a
State Health Laboratory may not be comparable 10 problems in the hospital
practice of medicme Even though both approaches demand tramed per
sonpel such as Dr Lennette has s his laboratory 1 beheve 1t essential to
work daly with the medical student and the house officer to acquaint them
with the and new develop mdi

2 viro]
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the virus repeatedly the rate of growth will increase or be more like that of
vaccimia virus and too whether if one passes vanola virus through the
rabbit and returns 1t to the egg the lestons would be sumilar to those origt
nally produced or more hke that of the vaccia virus

DR c E RICE (Department of Agnculture Hull Quebec) I will make
my question very short I would Iike to ask Dr Meyer if he has any evidence
of the devel of non I fixing and complement fixing antt
bodies in psittacosis and other viral mfections and if there 1s any difference
m the time of their development We now take 1t for granted 1n precipitation
particularly mn blood work that we may have both non precipitating and
precipitating antibodies Our recent work on complement fixation dicates
that we must also take 1nto constderation the possibility that there may be
a spectrum of antibodies which differ n their relative affimty for guinea
pig complement

DR RHODES Our time 15 well 1n hand this morning We can allow about
20 munutes 1f necessary for discussion and then have the five speakers
review very briefly their opmions about the vanious discussions

DR J T SYVERTON (Unwversity of Minnesota) Mr Chairman I should
like to comment upon Doctor Lennette s summary of evaluation of virus
and nckettsial diagnosis It 1s my understanding from Doctor Horsfall s
remarks last mght and from Doctor Lennette s summary today that both are
in agreement that the laboratory diagnosis of viral diseases presents for
other than research lat 1es a letely 1 problem Doctor
Lennette has cited his experiences as director of one of the most effictently
operated diagrostic laboratontes mn the United States That Jaboratory as a
umt in a State Health Department gives physicrans the privilege and they
use 1t of submitting specimens 1n widest vanety The problems that result
may not apply to the app! of viral d )s m teaching
hospitals and I qualify a teaching hospital as any umt with one or more
nternes or students Now to constder teaching hospitals where many of you
have resp ity darly of 1! students with basic principles by
applying the case method of teaching The difficulties that result from a
common fatlure 1n the daily practice of med to apply 1
diagnostic methods because of the usage of multiple antibiotics are known
to you That trend ss difficult for the teaching staff in schools and hospitals
to combat I beleve that st would be a great mustake to overlook the op-
portunities for speaific viral diagnosis currently open to personnel who are
qualified m the virus and rickettstal field and who‘hme direct access to

patients for sp and to an adequately equip y for carry
1ng out basic procedures For example a patient with a clmical diagnosis
or of aseptic should be grven benefit

of non bactenal p
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withont delay of the micy i 1 diagy P o thot wall erther
provide a specific d orel avariety of possib Certainly
mterpsts and pediatncians deserve the same help from microbiology that
surgeons and gynecologists realize from the stster bastc science pathology
The patient benefits 1 hospital days saved by an adequate application of
Jaboratory medicine The cost of seemmgly extraordmary diagnostic aids 1s
11 hae with ordinary laboratory mediz Each microbiologic diagnostic
laboratory should have quickly available a variety of media for aerobic and
anaerobic cultures as well as embryonated eegs 21-day-old and new born
mice and finally 1n keeping with current developments at least the start
of a tissue culture laboratory Duning the past two jears the use of human
and monkey cells 15 culture has opened up many possibilittes for speaific
diagoosts For example a stable human cel] stram HeLa Gey was reported
last summer to support the growth of at least 8 viruses By having available
known stock antisera for spectfic mbubitron of the effects of each virus 1t s
possible to apply this approach to the specific diagnosts of viral diseases
with an acceracy and rapidity previously unknown To cite a problem that
p dunng the p season 1t mow 15 possible to
resolve the diagnosis for many cases with fever pleocytosis and little else
For example poliorayehitis can be diagnosed by use of tissue culture tech
uques with result m the 1solation and typing of virus i from 1 to 4 days
The least ime 10 our expenience was 12 houss for an afebrile case admtted
with mvolvement of the 6th and 7th nerves and a tentative diagnosis of
brain tumor A specific di of 1 Type 1 was blished

over mght The practical value of this approach and of simifar methods
m saving both hospital days and parents from worry that comtes from un
certainty 15 obvious

In summary by applying laboratory diagnostic procedures avarlable for
viral diseases directly to the patient the student or house officer learns the
value and the 1 of these o how to collect
specimens what specimens to use and which ones not to use Moreover the
recogmtion by the physician that such faciliies are available should discour
age any 1mmediate mundation of the pattent with a vanety of antibiotics and
should lead the hospital staff and students alike to recognize that bacterio
logical studues are not to be accepted as negative from a smgle bacterrolog
cal culture Finally Ido hope that tlus group as educators will accept the
opportuntties available for virus diagnosis and encourage the establishment
of faciliies m every modern hospital Retrospective antibody studies are
not adequate Finally the problems that confront a viral diagnostic umt 1 a
State Health Laboratary mav not be comparable to problems m the hospital
practice of medicine Even though both approaches demand tramed per
sonnel such as Dr Lennette has i his laboratory I believe 1t essential to
work daily with the medical student and the house officer to acquamt them
with the and new md virol
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the virus repeatedly the rate of growth will increase or be more hike that of
vaccima virus and too whether if one passes vanola virus through the
rabbit and returns 1t to the egg the lestons would be sumilar to those ongt
nally produced or more like that of the vaccinia virus

DR ¢ E RICE (Department of Agriculture Hull Quebec) I will make
my question very short I would hike to ask Dr Meyer if he has any evidence
of the devel of non fixing and complement fixing antt
bodies m psittacosts and other viral infections and if there 1s any difference
m the time of their development We now take 1t for granted in prectpitation
particularly n blood work that we may have both non precipttating and
precipitating antibodies Our recent work on complement fixation mdicates
that we must also take into consideration the possibility that there may be
a spectrum of anttbodies which differ m their relative affimty for gumea
pig complement

DR RHODES Our tune 1s well 1 hand thus mormng We can allow about
20 minutes 1f necessary for discussion and then have the five speakers
review very briefly therr opmuons about the various discussions

DR J T SYVERTON (Unwversity of Minnesota) Mr Charrman I should
like to comment upon Doctor Lennette s summary of evaluation of virus

and nckettsial di It 1s my und ding from Doctor Horsfall s
remarks last night and from Doctor Lennette s summary today that both are
m that the y d of viral diseases presents for

other than research laboratones a completely impractical problem Doctor
Lennette has cited his experiences as director of one of the most efficiently
operated diagnostic laboratones m the United States That laboratory as a
vt 1n a State Health Department gives physicrans the privilege and they
use 1t of submutting specrmens 1n widest variety The problems that result
may not apply to the i of viral d; h m teaching
hospitals and I qualify a teaching hospital as any unit with one or more
internes or students Now to consider teaching hospitals where many of you
have resp daily of students with basic prnciples by
applying the case method of teaching The difficulttes that result from a
common fatlure 1n the daily practice of med to apply microbiol 1
diagnostic methods because of the usage of multiple antibotics are knowi
to you That trend 1s difficult for the teachmg staff m schools and hospatals
to combat I believe that 1t would be a great mustake to overlook the op-
portumities for specific viral diagnosis currently open to personnel who are
qualified 1 the virus and nickettsial field and who have direct access to
patients for sp and to an ad: 1 pped lab ry for carry

1ng out basic procedures For example a patient with a chnical diagnosis
of non bacterial pneumoma or of aseptic menmgtis should be given benefit
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making diagnostic tests on stool samples sent 1 from a few of the hospitals
1n Denmark and from Greenland The tissue culture techare 1s used for
such tests As far as Coxsackie virus 15 concerned all stool samples re
cewved for virus studies are tested for the presence of Coxsachie virus by
moculation nto newborn mice

For lymphocytic chonomenmgitis we are using routinely the complement
fixation test So far we have not found any positive reactions This 15 1n
accordance with the expenence of laboratories i Sweden and Finland

A few sera have been tested for CF antibodies agamst the arthropod
bome encephalitides These tests have all been negative

DR rHODES Thank you very much I think the remaming few minutes
should be restricted to very short questions so that the gentlemen that have
already spoken will have an opporturty to reply

DR F M HEYs (Baylor Umiversity School of Medicine) For about twelve
years X have been supervising such a diagnostic laboratory for virus disease
and to some extent for rickettsial disease first at the St Lows Children s
Hospital (Washington Umiversity) with Dr Alexis Hartmann and Dr Rus

sell Blattner and then with Dr Blattner at Baylor Unwverstty College of
Medicine ;m Houston where we have been 1n the process of settng up a
dragnostic laboratory in connection with the Texas Medical Center develop

ment Of course m a Children s Unut the medical staff 1s able to control to
some degree the type of patient selected for study However we are faced
with the same problems which Dr Lennette and others have mentioned

with pressure from the ped: and the p P n the
area who need aid 1 etiologic diagnosis This 1s especially true 1o Texas
where laboratonies equipped for this type of work may be rather widely
separated During the twelve year period we have carried out studies more
or less complete on about 400 spinal flmd spectmens and corresponding
blood specimens These patients were selected by the staff to be followed—
usually for some particular reason Among them there have been about a
dozen posttives Seven were cases of lymphocytic choriomemngitis melud

ing one sttuation m which we were able to 1solate the virus also from nuce
trapped in the homes of the patients and another situation 1n which the
disease was occurring 10 an area of mill workers where mice were plentiful
m the null and 1n homes In two patients having a tentative diagnosis of
post vaccunal encephalitis a straun of vaccinia was 1solated from the spinal
flmd 10 one of these viremia could not be demonstrated m erther of two

sumultaneous blood saraples Three of the patients 1n whom positive virus
findings were obtamed proved to have herpes simplex mfections two of
whom secovered one strain of herpes was 1sofated from spinal fimd during
life and was venfied by 1solation of the same strain from autopsy material

Thus pasticular work was done 1a collaboration with Dr James O'Leary and
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ogy Certanly the outstanding hospitals such as the Henry Ford Hospital
can serve by applymng every facihity currently avatlable for the laboratory
dragnoss of viral mfections

DR RHODEs Thank you very much Dr Syverton Ontano nught warmly
reciprocate 1 that they have a very large number of people here I am
going to exercise the Chairman s prerogative of calling on certain repre
sentatives from European countries We so seldom have the opportumity of
heanng them I know for example that Dr Sven Gard from Stockholm
1s mterested m this problem Iwonder if I mught ask lum to say a few words

PROF § GARD (Carolne Institute Stockholm Sweden) To tell the truth
I hestate quite a lot to enter 1nto this discussion I am 1n a position more
or less of the type that Dr Syverton outlned I too have to teach students
and I think that much of what Dr Syverton said has to be considered very
carcfully I think personally that the value of virus dragnosis will grow
rapidly mn chnical work and particularly perhaps 1n the field of Public
Health I feel that we should try to encourage the creation of as many virus
laboratories as possible at different capacity levels I would adsocate a
system of regional laboratones with mited facilities but nesertheless able
to take over some of the necessary tests—let s say the complement fixation
tests—and also able to collect the proper matenal It 1s of particular m-
portance to have regtonal laboratories 1n contact with hospitals and patients
they should see to 1t that the samples are collected 1 the proper way and
if necessary further delivered to central or reference laboratonies better
equipped to deal with the more dehcate and more complicated methods 1
think that wathont trymg—without really looking for something—we will
never find anything Iam of the same opiion as Dr Syverton that no matter
what the cost will be and knowing that at the present stage certainly much
Iabor and money will be wasted on work that doesn t lead to any immediate
results—no matter what the costs are the work should be done and even
tually we will be able to deselop more effective methods and see our ams
more clearly Thank you

pr RHODES Dr Herdis von Magnus would you like to make any com
ments on that situation 1 Denmark? She 1s part of the scientific family
here and I would Like to know 1f Mrs von Magnus 1s gomg to make any
remarks Would you Itke to make a few remarks as regards routme diag

nosts m Denmark?

DR HERDIS VON MAGNUS (State Serum Institute Copenhagen Denmark)
In our msttute the dmgnosis of fluenza and mumps viruses is made
routinely on request from the hospitals Complement fixation tests are per
formed usually on parred scrum samples As regards polio we are by now
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the blood which liy p d with 1 serum Have
you ever attempted to demonstrate antigen m the clot rather than m the
serum with your techmiques?

DR ALICE MOORE (Sloan hettering Institute for Cancer Research New
York City) 1 think we ve had rather 2 umque expenence and want to
commserate with Dr Lennette Dr Southam and I have mnoculated around
two hundred far advanced cancer pauents with three different types of
neurc-encephahtic viruses namely West Nile Itheus and Bunyamwera and
have followed the patients very carefully I must say that if we didn t know
what we had given them we certamly would have had a hard tme making
a diagnosis Most of these pattents do not get any symptoms whatsoever

They often have a viremia the degree depending on the virus and also
depending on the individual for perhaps a week The longest viremia we
bave had has been about three weeks But you would scarcely suspect that
because most of these patents are afebrnile We have had some signs of
encephalitis and also have had some severe encephahidites but at the time
of the encephalitis not only are the bloods negative but also spal fluid
exammation usually shows no virus We have retneved some virus on oc

casion but the great percentage of them are negative so 1t IS quite a
problem to be able to diagnose these encephalidites

DR RHODES Any more questions? We still have a few muutes

DR VAN ROOYEN [ likewise have had difficulty i being able to repeat the
mdigo carmme test descnibed by Dr Smorodmseff and others

DR saN  The purpose of this conference 1s to find out what we can do—
what we have learned—to make 1t possible to diagnose virus diseases earlier
or as early as possible and we are spending all the tme discussing admm
1strative problems I think 1t was all night at dinner last night but 1t 1s not
fair to the fine papers and 1t does not make a scienttfic meeting out of this

DR G A LocrrPO (Henry Ford Hospital) I agree with Dr Sabin Qur
problem 1s to try to extract the antigen from the patient when he 13 sick
‘We know the antigen 15 there but we have not been able to extract 1t 1n
sufficient quantities with our present methods However with the 1on ex

change resins this ts now possible At least 1t 1s possible to extract polio
vires and coxsackie virus from human feces This 1s a new too! 1 virus
work and Iam not prepared to say how fruitful 1t 1s going to be for early
diagnosis but I would like to mention 1t at this tume I have demanstrated
the use of the 10n exchange resins 1 partial punfication and concentration
of polio virus from CNS tissue with a certam combimation of rests Now
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Dr Margaret Smuth in St Lowss In one mstance the virus of St Lous
encephalitis was 1solated from the blood of a cluld who showed mmmal
chimcal signs

In patients presenting cutaneous mamfestattons we have had some quite
satisfactory results with a fair degree of success in establishing etiologic
diagnosts On several occasions the problem of differential dragnosts arose
In patients showing skin rash for example two cases of mentngococcema
occurred in children residing 1n an area where Rocky Mt Spotted Fever
was endemtc and from which several patients with this disease had been
admitted This work has been facilitated greatly by the use of the em
bryonated egg as a l to animal if and the usual bac
teriologic culture methods We are hoping to have tissue culture methods
avatlable i the near future

DR MERRILL J SNYDER There 1s something that I believe these gentlemen
have overlooked Those workers in combined routine and research viral
laboratories have particular research interests Their research specialties
are known to all of us through therr publications In our duagnostic lab

oratory we are equipped because of and other only
to perform the simpler procedures For example when spinal flurd 1s re

cetved from a case of serous menmgitis mce and guinea pigs are moculated
intracerebrally If the agent happens to be lymphocytic choriomeningitis
virus it 1s a sumple procedure to make some splemc antigen from the

fected guinea pigs and rdentify the virus by complement fixation However
1f another virus 1s mvolved and only the mice sicken neutralization and
cross immumty tests for the final characterization of tne virus are too com

plex and ttme consumung to carry out in a laboratory such as ours There
are those engaged 1n research with the neurotropic viruses who I am sure

would be most pleased to recetve this potentially frtful matenal If one
felt that he had a possible 1solatton of Q fever in gumea pigs 1 feel certan
that Dr Lennette would be happy to receive matenal from the case It ts
those of us in the small dragnostic Jaboratories rather than the workers
the large centralized ones who see the patients and are in direct contact
with the physicians The taking of proper specimens can therefore be assured
and the first P d can be perf d ptly It 1s 1n this

P y
way that knowledge of new wiral diseases and the understanding of the
pathogenests of viral infections will have the best opportumty for progress

1 should Iike to also ask a question of Dr Snyder Dr Snyder Tam re
munded of two things One 1s the clot procedure for the 1solation of rickett
stac which many have clatmed 15 more successful than ssolation from whole
blood The other 1s the Japanese method for the early scrological demon
stration of typhus antibodies 1n blood Tt was clatmed that with their method
of bile digestion and acid precipitation of blood clot taken dunng the first
two days of disease they were able to extract and concentrate antigen from
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DR MaccaLLum There were just one or two questions which perhaps I
should try and answer without discussmg any of Dr Lennette s and my
own difficulttes Dr van Rooyen the question of electronmicroscopy I
think I would agree with Dr Lennette s remarks We have not got an
electronmicroscope We don t think 1t 1s of sufficient practecal value at this
stage to put its price aganst all the other things we could buy for the same
amount of money but 1f youve got one then of course one can test 1ts
valee m d of pox But the between the ap-
pearance of varicella and the other pox wiruses I should think 15 so shght
that T would stull like to rely on my biol 1 test for the d
But that 1s only the present position which may alter As to Dr Thompson s
question about changes in the macroscopic appearance of the pocks from
vanola on continued passage I think the answer 1s that they don t change
Some years ago Dr Nelson at the Rockefeller Institute passed varnola and
vaccinia together on chorio allantoic membrane for some 25 passages and
they each retamed their specific appearance The question of what happens
to vanola when you pass 1t through a rabbit and then back to the mem
brane T thunk 1s one of those questions that needs further investigation and
Just to satisfy myself at thts present tme I am mvestigating the old question
of How can you make vaccima from vanola? We have reached the stage
of passing fresh virus from man through the monkey and 1nto the rabbit
and so far 1t has not changed 1ts appearance after some several passages
through the rabbit There 15 one other test which 1s pertinent to this dis
cussion today although mfluenza hasn t been mentioned and 1t goes nght
back to the fiest paper of the meeting by Dr Gattschalk and that 1s the
Fazekas test for detection of mhibitor 1n nasal mucous at the onset of m
fection with mfluenza Fazekas m Melbourne has described this test and
said that he has obtamed good correlation with 1t and his virus 1solations
One of the members of my staff has been working wath this and 1t certamly
18 not as simple as 1t appeared from reading Fazekas papers We still can t
say whether this has any practical application but it may be a useful method
of obtatning an early diagnosis of mfluenza and domg away with the use
of eggs and perhaps domng away with some of the bleeding Just one gen
eral pont which 15 shightly off the question of early diagnosts but which
T think 1t 1s time we started to think about and that 1s the question of
some standard sera 5o that we each know what the other man 1s talking
about when we are gven results on complement fixation tests We are 1n a
fortunate position 1n that the virus diagnostic tests for lab service have
been developed first m the central laboratory in England We make our own
antigens and control sera There are now ten Public Health Labs 1 the
country domg these tests and for all of our associates domg this work we
provide the antigens the control sera and the techmque 3o we are all
using the same methods Our C F tests are all done m plastic plates with
cups as used for haemagglutination and this has done away with the
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1t 15 also possible to extract the polio virus and the coxsackie virus from
human feces with a different combmation of resms This 1s 2 very sunple
procedure and 1t may fit n with Dr Lenpette s request for procedures neces
sary for the routme laboratory I have used as little as 1 Iter and as much
as 10 gallons of a 1% fecal suspension and extracted the virus 1 several
hours or over mght depending vpon the volume processed I thunk if we
can continue 1 this trend we mght be able to work on some of these prob
lems and develop a procedurs for the hospital laboratory The crude fecal
suspension ts added to a column of s1on exchange resins and passed through
over night You have your virus antigen m the efffuent which 1s collected
m another contamer m which a second restn has been placed, the second
resin gbsorbing the bulk of the protemn matenal and the virus Next mom

ing you can reduce this volume from 10 gallons down to about 1 liter I
we can get an antigen out of a mouse there 15 no reason why we cant get
the virus antigen out of man especially when he 1s excreting 3t The diffi

culty with the polromyelitis virus has been that 1t 1s not a complement fixing
antigen whereas the coxsackie virus 1s The coxsackie virus anhgen was
found to be anticomplementary and this was due to small traces of the
phosphate whick can be ehmunated by dialysis Now it remarns to develop
some method wath which to detect the antigen that has been extracted 1€
use 1s made of the 1on exchange resuis m trying to extract these antigens
from man duning the acute phase of illness perhaps serological methods can
be found to detect unknown virus antigen with known sera These resins
for this entire procedure cost about $2 60 and ordinary laboratory equp

ment will do the job

DR puck I agree with the pomt of view expressed that the use of 1on ex
change resins 1 virology offers a great many promusing apphcations Its use
1 virus purtficatron and was first d d by LoGnppo
using anionic exch and by our lat y among others with cat
1omic exchangers Under certam conditions these reagents can also be made
to split phage into sts protem and DNA components Fmally a recent ap
plication affords promuse n 1solating and concentrating anttbodies a pro-
cedure which might prove of value mn diagnostic procedures Dr Lerman
at our school has done the following experiment He has coupled to an jon
exchange resin the specific anfigen 1n which he was interested and then
sumply poured serum contaiming antibodies to this antigen through the
column As could be expected the specific antibody remained behind

coupled to 1ts antigen and all the rest of the protern and other sefum com

ponents were thus removed The column was then washed thoroughly after
which he was able to Te elute the antibody obtaiming considerable purifica

tion 2nd concentration Jon exchange procedurcs are extremely sumple and
require 2 Very muumum of apparatus T believe the techmque offers an

exceedmgly promising tool for virology
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DR MACCALLUM There were just one or two questions which perhaps I
should try and answer without discussing any of Dr Lennette s and my
own difficultes Dr van Rooyen the question of electronmicroscopy X
think I would agree with Dr Lennette s remarks We have not got an
electronmicroscope We don t think 1t 1s of sufficient practical value at thus
stage to put its price agamst all the other things we could buy for the same
amount of money but 1f you ve got one then of course one can test its
value 1n diag of pox But the dift between the ap-
pearance of varicella and the other pox viruses I should think 1s so shght
that T would sull Iike to rely on my b 1 test for the diffe

But that1s only the present position which may alter As to Dr Thompson s
question about changes n the macroscopic appearance of the pocks from
vanola on continued passage I think the answer 15 that they don t change
Some years ago Dr Nelson at the Rockefeller Institute passed vanola and
vacemua together on chorio allantoic membrane for some 25 passages and
they each retained therr specific appearance The question of what happens
to vaniola when you pass 1t through a rabbit and then back to the mem
brane I think 15 one of those questions that needs further investrganon and
Just to satisfy myself at this present time I am mvestigating the old question
of How can you make saccima from varola® We have reached the stage
of passing fresh virus from man through the monkey and nto the rabbit
and so far 1t has not changed its appearance after some several passages
through the rabbit There 15 one other test which 15 pertinent to thus dis
cussion today although influenza hasn t been mentioned and 1t goes nght
back to the first paper of the meeting by Dr Gottschalk and that 1s the
Fazekas test for detection of whibitor i nasal mucous at the onset of 1
fection with influenza Fazekas mn Melbourne has described thrs test and
said that he has obtamed good correlation with 1t and tus virus wolations
One of the members of my staff has been working with this and 1t certatly
1s not as stmple as 1t appeared from reading Fazekas papers We still can t
say whether this has any practical apphcation but 1t may be a useful method
of obtamng an early diagnosts of influenza and domg away with the use
of eggs and perhaps domng away with some of the bleeding Just one gen
eral pont which 15 shightly off the question of early diagnosts but which
T think 1t 15 time we started to thmk about and that is the question of
some standard sera so that we each know what the other man 1s talking
about when we are given results on complement fixation tests We aren a
fortunate posiion 1 that the wirus diagnostic tests for lab service have
been developed first 1n the central laboratory in England We make our own
antigens and control sera There are now ten Public Health Labs 1 the
country domg these tests and for all of our assoctates doing this work we
provide the antigens the control sera and the technique so we are all
eung the same methods Our C F tests ate all done 1n plastic plates with
cups as used for haemagglutination and this has done away with the
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cleanng of very large numbers of tubes We also use the Fulton Dumbell
technique on flat plastic plates for studies on human sera but still only to
2 imited extent because we haven t enough boxes necessary to keep the
plates m the hot room and cold room to prevent evaporation We use these
other plates with 0 1 ml volumes and on the whole we use short fixation
for all tests except vartola and L CM where we find that oyvermight fixation
1s necessary to detect smallest amounts of anibody We only use 11Z hours
fixation so that the plates can just be stacked one on top of another 1n boxes
n the hot room then m a waterbath % hour and the whole test 1s through
m 2 hours

DR WELLER Dr Melnick has a specific questron regardmg the status of
the agent of varicella 1n tissue culture as compared to that present in vesicle
fnd Obwiously there 1s a very basic and important difference We are
only starting to study this agent n tissue culture and I think if we call st
virus now 1t will be a slip of the tongue We do not yet have conclusne
proof that we are working with a virus for the agent remains assocrated
with the tissue phase of the culture system and filtration expertments have

todate been unsuccessful Otherwise Iam only too happy that Dr Snyder
had a chance to grve hus presentation of Dr Coons techmque The fluores

cent antibody tech to have wide appli 1 the field of

tissue culture work as related to the problems of the diagnosis of viral
fectrons

DR LENNETTE I do not know how to separate the numerous questtons
which were raised and so I shall try to answer all the pertinent ones in the
form of a bnef discusston Furst of all T am sorry Doctor Sabin if I ap
peared to be unduly pesstmistic here and last mght I did not ntend to
leave an air of gloom smce ¥ am highly pleased with the advances that have
already been made 1 the routine diagnosis of viral and rickettstal discase
and I am most optinustic that the fature will bring us additional techniques
more simplified methods and also means for the diagnosss of infections not
currently ble to lab y d What I actually undertook was
a plea for more reahsm 1n dealing with what 1s truly appled diagnosis that
encompassed by the general term  diagnosts ANl of us are aware that
each year cures for this or that are announced giving rise mn the public
snd to false hopes which are eventually dashed On the medical side 1
think we somettmes madvertently gwve mise to a similar situation msofar
as the elimcran 18 concemned We talk about new diagnostic tools which
have been developed we promulgate their use and grve risc to the impres

sion that here 15 a new method which 1s smmedintely avatlable Basically

s may be true but since the same word may men different things to
different people the matter resolves iself ynto how one sterprets the term
» “Thus i such situations as that described by Doctor Syverton

¢ dragnosis
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for example when one 1s dealing with a single institution one can select
the patients on whom 2 thorough y 1s desirable One
has a full case history a good chinucal bachground and an epidemiological
bachground ali of which are mvaluable Such a sttuaton 1s 1deal but 1s
encountered usually 1 university hospitals or assoctated mstitutions

Then there 1s that situation 1n which a dragnosts 1s conducted by an
mvestigator or an nvestigative team Let us take poliomyelitis as an ex
ample In a laboratory whose primary or sole concern 1s the study of poho
myeliis attempts at laboratory diagnosis of this disease bring to bear the
full resources of that laboratory which 15 concerned with that disease to
the exclusion of others The same mught be said of mfluenza or mumps
or typhus fever

In the first situation the work load 1s comparatively small In the second
situation personnel time money and cumbersomeness or unwieldness of
a methodology are not prime d Compare these
situations to that of the reference diagnostic laboratory which deals not with
one disease but with a wide vanety of viral disease occurring wathin 1ts area
of operation and with a large amount of matenal subnutted darly In the
case of a state virus reference laboratory such as ours we deal not with a
few hundred specimens but with thousands not with single tests but with
a battery of tests (48 00D tests during 1952) and not with the staff of a
single hospital or a small group of hospitals but in theory at least with
wistually every practicing physician and health officer within the state Ma
terial sent i for exarmnation 1s just that~—complete chmical histories are
unusual there 1s no epidemological information and the examinations
must be done rapidly and expeditiously The gist of my plea and the under
lying thesis of my paper 1s to point out that there exists 2 wide chasm be
tween what a research or imvestigative laboratory may consider a diagnostic
procedure and what a reference laboratory domg a huge volume of work
considers feasible Because of current intetest let us use poliomyelitis as an
example A poliomyelitis research laboratory testing several hundred stools
yearly may consider tissue culture methods a  diagnostic tool Would 1t
do 50 1f 1t had to examine several thousand stools yearly on a current basis?
1f 1t undertook such a task Iam sure 1t would conclude as we have that
the method 15 not practicat for large scale examnations I have tned to
pomt out some of the shortcomings of our present methods and the great
need for ther The need for mto such prosaic
subjects as techniques and methods was well impressed upon us 1 the
summer of 1952 for example when there occurred 1n Califorma over 1000
cases of central nervous system disease most of which was considered on
chimeal grounds to be encephaliis Out of this group we were able to show
that several hundred cases were due to Western equine encephahtis virus
The diagnosis was efiected on the basis of the complement fixation method
When however the neutralization test was used we were unable m an
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amazngly large proportion of these cases to show that there was a dragnostt
cally fi 11se 1n 1 body titer this difficulty arose ap-
parently because the neutrahzing antibody had already reached its max
mum level by the time the first blood specimen was obtaned The usual
type of neutralization fest 1e one 1n which constant sefum  varying virus
dilutions are used was employed Thus raises the question as to whether this
problem might not be resolved by the use of a test employing constant virus

varymg serum dilutions The work by Tyrrell and Horsfall and hs col

laborators pornts to the value of such a method Certamnly there 15 ample
work to be done 1n the of our method and 1t 15 to be
hoped that mvestigators will devote some of their ttme to the improvement
and refinement of the basic tools used in research and that support for such
work mught be made available

DR JOHN C SNYDER Two questions were asked (1) Have we tried the
clot method for detecting the viable ricketisiac? Yes we have given that an
exhaustive tmal (2) Have we tried the method reported by Japanese
workers based on the detection of antigens m patients blood? Their 1¢
port indicated that positives occurred about the 15th day of the disease We
did not get posttive results on specimens from Carro taken on the 3rd day
of illness by using therr method as reported
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Interference and Physical chemical Blockade

Frank L Horsfall, Jr
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A rational approach to the prophylaxis and therapy of virus diseases by
chemical means might be made xi the biosynthetic processes wnvolved
virus or 1 the caused by the presence
of viruses were definable 1n chemical terms 1t 1s clear from results reported
eatlier 1 thus Symposium that although new mformation 15 accumulating

the bioch y of virus and of the effects caused
by viruses are still obscure In the absence of adequate mformation about
these phy most to the p have of

necessity been empirical Inspite of this some sohd data have been obtaned
and of more mportance means for secunng further mformation are be
coming apparent

In the ammal virus field two well known phenomena bear on the sub-
Ject under discussion In operational terms these are (1) Host tissue
fected with one virus may not be wfectable by another virus (2) mfected
host tissue may yield less virus when certain chemical substances ar added
The first 1s termed virus the second 15 d
chemical mhib of virus multipt There are that both

h can be d to al in the
Rnecessary for wirus reproduction Data on the multiplication of viruses
becomes more secure the more closely they can be related to the physical
units i the system the individual cells and virus particles With ammal
vuuses techmiques only recently have become available for a direct ap-
Proach to these primary umits The work of Dulbecco! with plague form
Ing amimal viruses has ratsed the possibility that an approach at the mdi
vidual cell level can be made In addiion our own work and that of Levine
et al * indicate that precise enumeration of hemagglutinating virus partecles
by photometric means 1s feasible Much of the published data on virus
395
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nterference and of virus have been se
cured m studies on whole tissues or ntact animals moculated with small
of virus R ly more q work has been done by
Lnetic studies dunng smgle cycles of multiplication
‘When influenza virus 1s imjected into the allantoic flwid of an embryonated
egg the allantoic membrane becomes incapable of supporting the repro-
duction of a different influenza virus 45 As Forssman® has shown recently
m our lab y ptibtlity to the chall virus dless of the
quantity myected 1s present at two hours though not at one hour after
injectton of the mterfering virus Such a result 1s obtamed when the number
of the first or mterfering virus particles 1s about five tines the number of
allantorc cells When smaller numbers of virus particles are mocnlated 2
longer tume 1s required before ptibihity to the chall virus devel
ops* The length of the mterval 1s m mverse relatton to the number of
mterferng particles inoculated and the data are m accord with the view that
tissue ipsusceptibihity appears only when all or nearly all cells are infected
The ptibility cannot be )! 1 on the basts of blockade at the
cell surface for the challenge virus 1s adsorbed by nfected tissue 1n normal
manner 7 Whether the second or challenge virus or some part of 1t goes on
to penetrate the insusceptible cell 1s not yet known The data indicate that
msusceptibility develops durmg the latent or plateau pertod of the interfer
g virus considerably before its progeny can be found Thus 1t appears
that the first virus to reach the cell mitiates events 1n the course of the
reproductive process which produce insusceptibility to the challenge virus
Whatever the nature of such changes m the infected cell may be they are
clearly not dependent on the integnty of the entire reproductive process
Heterologous mactivated virus which does not reproduce also Jeads to m
susceptibility of the cell whether 1s caused by ul let 1rradi
ation ® 8 heat ? or spontaneous decay 38 As would be expected nactivated
virus does not produce bility 1n the all! t unless
much 1s 1njected 21° about 5 snactivated particles per cell appiar to be
necessary ® This 15 1 agreement with the data for heterologous mfective
particles and supports the rdea that 1t 1s necessary to block all or nearly all
cells before msusceptibility appears
Inactivated particles also can block the reproduction of infective particles
of the same or homologous stramn 58 This has been designated auto inter
ference The means by which mactivation 1s obtamed 1s agam not critical
and let ir 88 heat 1 or sp decay?® yields prepara
tions which cause fi d of £ 15 obtamed
even when heat mactivated and infective particles of the same stran are
injected sumultancously 1f the number of mactivated particles 1s sufficiently
large 8¢ re about 5 per allantorc cell 12 With smalier nactvated particle
cell ratros the yield of virus from the mfected tissue 1s dimimshed to an
extent which corresp with on the prop of celis

t
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blocked 12 Such computations are based on the assumption that the blocking
reaction 15 all or none and ndividual cells are either blocked or not blocked
by mactivated virus particles An p 15 that
particles cause a reduction 1n the yield from all cells in direct relation to
therr concentration The available data do mot permit a decision between
these twa possibilities

Both mnfective and inactivated influenza viruses cause host tissue to be-
come msusceptible to infection with the same as well as certan uarelated
viruses ‘The blocking effect 1s rapidly nduced dunng the latent period of
mfective particles but 1s not persistent and even in the mammal Jasts no
more than a week or two ! The alteration has specific features and does
not lead to msusceptibility to all viruses capable of mfecting the host tissue
Thus esther mumps or pneumonsia virus of mice can reproduce concurrently
with infloenza viruses mn the same tissue 7 Whether such nomnterfering
agents actually muluply side by side in the same cells 1s not yet certain
‘There appears to be no way to predict if two viruses will show nterference
or whether 1t will be 1 )| 1 m
size or capacity to multiply in the same tissue 1s not a necessary character
1n pairs of agents which show interference Thus influenza virus blocks 1
fection by Western equme virus in the mouse bram 3 and mumps blocks
reproduction of PYM 1n the mouse lung ¥* though neither of the first or
mterfering viruses reproduces 1n the classic sense 1n the host tissue used

There appears to be no instance in which 1t has been established that
reproduction of the first virus to reach the cell 1s blocked wathin the cell by
the later mtroductton of a second virus The mterference phenomenon
provides a means for preventing the reproduction of a virus but gives no
indication that it can lead to the nterruption of reproduction once the
process has been iutiated Reports of so-called reverse nterference #19
1 which the second or challenge virus appeared to modify the course of
wfection by the first can be explained readily The small inocula used
Tesult 1n nfection by the virus of only a small proportion of cells and the
later injection of a Targe quantity of the second virus results m interference
with reproduction 1n the remarming cells

‘With the preparations of influenza virus that are generally employed the
mjection of very large amounts of the agent mnto the allantotc cavity leads
to slower rates of appearance and smaller yields of virus than are secured
when small amounts are inoculated Moreover as von Magnus® has shown
a Jarge proportion of virus particles in the yield are non infectrve Our own

wath precise procedt reveal that under such

circumstances the ratio of mfective to hemagglutinating virus particles 1n
the yield may be as low as 001 or less

The mfectiity of mfluenza virus particles 15 2 very unstable property
In allantoic flmd at 35 C erther mn varro or m the egg the half hfe of
infective particles 15 about 150 minutes 12 Unless extraordmary precavtions
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mterference and of virus h have been se
cured n studies on whole tissues or mtact ammals mnoculated with small
of virus R ly more work has been done by
kinetic studies during single cycles of multiplication
‘When influenza virus 1s mjected into the allantorc fluid of an embryonated
egg the t b of supporting the repro-
duction of a different influenza virus ¢ As Forssman® has shown recently
m our lat 'y ptibility to the chall virus dless of the
quantity wnjected 1s present at two hours though not at one hour after
injection of the mterfering virus Such a result 1s obtamed when the number
of the first or wnterfering virus particles 1s about five times the number of
allantorc cells When smaller numbers of virus particles are wmoculated a
longer tume 1s required before msusceptibility to the challenge virus devel
ops* The length of the nterval 1s 1z inverse relation to the number of
nterfering particles moculated and the data are 1n accord with the view that
tissue msusceptibility appears only when all or neatly all cells are mfected
The msuscephibihty cannot be explamed on the basis of blockade at the
cell surface for the challenge virus 1s adsorbed by infected tissue 1n normal
maneer * Whether the second or challenge virus or some part of 1t goes on
to penetrate the insusceptible cell 1s not yet known The data indicate that
msuscepttbility develops during the latent or plateau pentod of the mnterfer
g virus considerably before sts progeny can be found Thus 1t appears
that the first virus to reach the cell itiates events m the course of the
reproductive process which produce nsusceptibility to the challenge virus
‘Whatever the nature of such changes n the infected cell may be they are
clearly not dependent on the integnity of the entire reproductive process
Heterologous mactivated virus which does not reproduce also Ieads to i

susceptibility of the cell whether 1s caused by let irradt
ation 59 heat ® or spontaneous decay 5® As would be expected macttvated
virus does not produce p in the alk b. unless

much 15 mjected 310 abont 5 mactivated particks per cell appear to be
necessary ® This 15 1 agreement with the data for heterofogous infective
particles and supports the 1dea that 1t 1s necessary to block all or nearly alt
cells before insusceptbility appears

Inactivated particles also can block the reproduction of nfective particles
of the same or homologous strain 8% This has been designated auto nter
ference The means by which mnactivation 1s obtamed 15 again not cntical
and letar 88 heat 1 or sp decay® ? yselds prepara
tions which cause auts di of 15 obtamed
even when heat mactivated and mfective particles of the same steam are
mpected sumultaneously 1f the number of mactivated particles 1s sufficiently
large 8% e about 5 per allantoic cell ! With smaller snactivated particle
cell rattos the yeld of virus from the mfected tssue 1s dimimished to an

with p on the prop of cells

ettent which corresp
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inhibuts the reproduction of infective particles Inhibition 1s obtamed with
either compound even though the substance is not added unt half of the
latent peniod has passed Proflavine inhibition espectally warrants comment
because of recent findings On removal of this compound hibition dis
appears and infective phage particles are produced promptly In the pres
ence of the compound as Foster showed 17 lysts of the bactenal host cell
occurs at the expected time even though no mfective virus 1s released This
surpnsing resuht was explamed by De Mars ez ol 1 Proflavine blocks a late
stage mn the reproduction of phage and only tadless particles—so-called
doughnuts—are produced and released on lysis of the wfected bacterrum
Such tailless phage particles are non mfective and do not regster 1n plaque
counts but can be found with the electron microscope

Although the biochy 1 basts for the inhub effect of profi has
not been defined certain deductions can be made as to the mode of action
Blockade of adsorption canniot be implicated for the effect 1s obtained long
after adsorption 1s completed In contrast to blockade of repmducuon by
means of virus £ the virus
1n cells atready infected and 1s operative only dunng a r:lamely late stage
of the latent period ¥ That reproduction 1tself 15 affected 1s evident from
the fact that tailless or incomplete particles are formed and are not ideatical
chemcally or immunotogically with mature infective phage particles '*
Despite this profound effect on the reproduction of the virus the host cell
1s damaged and reacts 1n the same way 1t would if phage multiphication had
proceeded normally It bursts open and dies at the expected time Thus m
this case chemical mhibition of virus reproduction does not alter the out
come of the infection s regards the bacterial host cell

The reproduction of some medium or small size animal viruses can also
be affected by the addition of chemical compounds dunng the latent pertod
To demonstrate this with these agents 1s technically more difficult and less
uncqmvocal than with bactenal viruses but can be achieved if the smgle

cycle and methods are employ

The multiplication of pneumoma virus of mice * influenza ® and mumps
viruses?! can be mhibsted dunng the latent or plateau penod after infection
of the cell 15 1 progress These agents have diameters of about 40 100
and 130 mullumcrons respectively With each virus ' 3 moculation of
a very large number of particles leads to events which are closely sumlar to
those obtained 1n one step growth experiments with bacterial viruses With
influenza viruses computations mdicate that the number of mfectrve par
ticles injected is sufficient to produce nearly simultaneous mfection of all
the allantorc cells 1 With the other two agents the number of viras particles
‘used 15 large enough to mfect a lgh proportion of available cells Under
these circumstances kinetic studses give an mdication of developments at
the cell level

Highly punfied capsular polysacchandes of X preumomae inhibit the
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are then and fully infectine vims §s nested Inumedlitely after releise
nto the alhwtowe fuid most prepirtions contin 907 or more non
infective Vi partictes When injected In e numbers such spontaneonsly
machvated paticles act dn the sune manner as ultrwviokt or heat inae
tated particles nd Case v hrge proportion of the allintoke wells o be
come fmuseeptible The mfuctive prrticdes In the inoculum are umble to
reproduce msuch cedls s arontt of muto interfernee 1F the proportion of
e ptible eells i high cnomch the eite of ppeicinee of viru in the
atore thnd of fnfected eris becomes machedly reduced ¥

With small fnocuty where the propottior of cells so blocked ivvery smalt
the tme required 1o double the virus concentrition ¢¢ - the doubling time
during the log wnithmiv phawc in the dhtole fluid s about 60 minutes ¥
But when the number of non infective pirticles m Dirge fnouta ks sulldent
W dlack 60% or more of the athntole cv the doubling thue becomies
as Jong 1 the Tlf Wle of nfective partites Then although the number of
hemnsutin imy, prticdes fnerc ey in the athintole fluld a hirge proportion
of such particloy appors to be nonfnfeatng 2 To our way of thinking this
finchan, does not provide evidence thit the new particles eepresent imm e
or incomplcte vk As was stated eartier doscly sunflar results are ob
tuned when o suilickont nunber of hett ot ated particles Is added
Infoctive particlos and the mintare is Infected Then also the rte of ap
parnee and the viekd of new particles is decre ned and fess thn 107 of
the particles in the yield are fnfedtive

Tn contrant to what i obtined with Tige inocutt containine a high pro
portion of non mtective particles are the results weured with fully infective
preparitions. Our fidiney show that when hirge numbers of infedtive prr
uddes 1o more than 10 * and only smll numbers of non infective partickes
arc mjectad more than S04 of the particles in the yield arc dnfoutive ot
the tive they e redewed froms infcted cetly Undor thee conditfons atite
Interferunee does not oueur wd non fnfective partldes appa e ondy in sl
proportions +

Such results unde rhine the potential effucts of interfurome in cxperinents
on the mednnism of reproduction of influenz 1 virwses They indicte tht
non infective pasticks in sumclent number mackedly alter the Ninctics of
muluphc tion and lead 1o excptionl resutts In our opinion the simplest
exphnon for the high proportion of hemnyulutin iting but non fnfective
pretices obtiined with the wsu il Dirge inocuty iy spontwecns Tnaetivation
of fnfeetinty Such particles appar to represent aproduct of decy

Repardmy, the sccond of the two phonomeny undet discusston inhibition
of virus reproduction by dhembol compounds there s now same Diiely
wohd mformiton Whon ho ©tissies proviownly infouted with sonie virwas
are hrought i contut w Ith certin chamienl substnees e yictd of vy
particles is dinnishedl A shown with acteriit viraes the addition of
S-mettn tryproplime'® oe proflwine!® during, the Nient or eclipve perlod
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mhibits the reproduction of nfective particles Inhibition 15 obtained with
either compound even though the substance 1s not added untl half of the
latent penod has passed Profla 1ly warrants
because of recent findings On removal of this compcund mhibition dis
appears and infective phage particles are produced promptly In the pres
ence of the compound as Foster showed 17 lysis of the bactenal host cell
occurs at the expected tume even though no infective virus 1s released Thts
surprising result was explamed by De Mars er af % Proflavine blocks a late
stage 1 the reproduction of phage and only tadless particles—so-called
doughnuts-—are produced and seleased on lysis of the infected bacterum
Such tailless phage particles are nton mfective and do not regster n plaque
counts but can be found with the electron microscope

Although the basts for the effect of profl has
not been defined certain deductions can be made as to the mode of action
Blockade of adsorption cannot be implicated for the effect 13 obtamed fong
after adsorption 1s completed In contrast to blockade of reproduction by
means of virus intetference the compound mterrupts virus reproduction
1 cells already infected and 1 operative only duning a relatively late stage
of the latent period 37 That reproduction itself 1s affected 1s evident from
the fact that tailless or incomplete particles are formed and are not 1dentical
chemically or immunologically with mature infective phage parucles 13
Despite this profound effect on the reproduction of the virus the host cell
1s damaged and reacts 1n the same way 1t would 1f phage multiplication had
proceeded normally It bursts open and dies at the expected me Thus n
this case chemtcal nthibition of virus reproduction does not alter the out
come of the fection as regards the bactenal host cell

The reproduction of some medium or small size 2mmal viruses can also
be affected by the addition of chemical compounds during the latent penod
To demonstrate this with these agents 1s techmucally more difficult and less
\mcquwocal than with bacterial viruses but can be achieved if the single

cycle and methods are empl

‘The multiplication of pneumonta virus of mice 1% mfluenza ° and mumps
viruses ! can be mhibited duning the latent or plateau period after mfection
of the cell 1s 1n progress These agents have diameters of about 40 100
and 130 millimicrons respectively With each virus 1 3 moculation of
a very large number of particles leads to events which are closely stmular to
those obtained 1n one step growth expenments with bacterial viruses With
influenza viruses computations ndicate that the number of mfective par
icles mjected 1s sufficient to produce nearly stmultaneous mfection of all
the allantorc cells 7 With the other two agents the number of virus particles
used 1s farge enough to nfect 2 high proportion of available cells Under
these circumstances kmetic studies give an indication of developments at
the cell level

Highly punfied capsular polysacchardes of K pnewmoniae inhibit the
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are taken and fully infective virus 1s hanested immeduately after release
mto the allantorc flud most preparations contan 905 or more non-
wfective virus particles When jected 1n large numbers such spontaneously
mactnated particles act in the same manner as ultraviolet or heat mac
tnvated particles and cause a large proportion of the allantoic cells to be
come insusceptible The infective particles m the moculum are unable to
reproduce in such cells as a result of auto-interference If the proportion of
1nsusceptible cells 1s high enongh the rate of appearance of virus in the
allantoic fluid of infected eggs becomes markedly reduced *

With small mocula where the proporton of cells so blocked 1s very small
the time required to double the virus concentration re the doubling ume
duning the loganthmic phase in the allantorc fluid 1s about 60 minntes?
But when the number of non nfective particles in large 1nocula 1s sufficent
to block 60 or more of the allantoic cells the doubling time becomes
as long as the half life of infectne particles Then although the number of
h i particles 1 the flnd a large proportion
of such particles appears to be nonmfectine ' To our way of thinkmng ths
finding does not provide evidence that the new particles represent immature
or incomplete virus As was stated earher closely similar results are ob-
tamned when 2 sufficient number of heat mactivated particles s added to
mfectrve particles and the mixture 1s mjected Then also the rate of ap-
pearance and the yield of new particles 1s decreased and less than 10% of
the particles m the yield are mfective

In contrast to what 1s obtamed wath targe mocula contamng a high pro-
portion of non infectrve particles are the results secured with fully infectne
preparations QOur findings show that when large numbers of infective par
ticles re more than 10 ® and only small numbers of non infective particles
are jected more than 80 of the particles m the yield are mfective at
the time they are released from mnfected cells Under these conditions auto-
interference does not occur and non fective particles appear only m small
proportions *

Such results underline the potential effects of mterference 1n expenments
on the h of repr of viruses They mdicate that
non infectise particles in sufficient number markedly alter the hinetics of

ph and Jead to P 1 results In our opmson the sumplest
explanation for the high proportion of hemagglutinating but non mfective
partecles obtained with the usual large mnocula 1s spontaneous mactivation
of infectvity Such particles appear to represent a product of decay

Regarding the second of the nwo ph und-r d hib
of wirus d by pounds there 1s now some faurly
sohd 1aformation When host tissues previously nfected with some viruses
are brought n contact with certain chenncal substances the yield of virus
cles 15 dtmmished As shown with bactenal viruses the addition of
hane!® or pi 1 dunng the latent or eclipse penod

partt
S—methy] tryptop
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studres dunng single cycles of multrplication 1n surviviag membranes n
witro show that the compound increases the duration of the latent period by
about 80% reduces the yield of virus particles by about 99%% but does
not much alter the rate of appearance of new particles ** Addion of the
sebstance dunng the first third of the latent penod causes whibition of
reproduction which 1s 1nverse 1 extent to the tme of addition But as much
as 80% inhibition 15 secured even when the compound 1s added dunng the
Jast two thirds of the Iatent peniod 2° Inhibatton 1s not obtaned when the
substance 1s added after completion of the latent peniod

In atlantoic b cultures a of 13 X 10=* M of
the 2 5-dimethyl compound causes 75% whibition of influenza virus mul
tiphcation Certain other alkyl denvatives of benzimidazole eg the 2-
ethyl-S—methyl compound are about ten tumes more acttve as whibitors 3
The extent of snhibitron appears to be related to the concentration of the
compound used over a narfow range In the presence of the 2,5-dimethyl
compound reproduction of the varus 1s held at 2 very low level for at least
70 hours #* The demonstration of mnhibition 1s not dcpendent on the meas-
urement employed and the yreld of both mfective and hemagglutinating
partecles 1s markedly dimumshed ™ °? The effect of the compound on the
membrane 1s not persistent and on removal of the substance membranes
12pidly regam their capacity to support full reproduction of the virus Be
cause the 0 of the 15 d by the d
at inlubrtory concentrations 1t appears that the effect 15 not dependent
upon an alteration of oxidative metabolism ?3

Aswith K pol de 1nd of the mode of action
of 2 5-dimethylbenmnmudazole have emerged from kietic studees durng,
single cycles of virus reproduction ? Because the compound has no effect
ot influenza virus itself and does not affect either adsorphion or release of
the agent 2 91t 15 assumed that the substance alters the reproductive proc
ess per se The 1 of the p to adenine and to
the benzimidazole moiety of vitamin By,?® has ratsed the possibility that 1t
may act through an effect on nucleic acid metabohsm Direct evidence
bearing on this hypothesis has not yet been obtained Attempts to secure
mdirect evidence through expertments with likely metabolites have yrelded
10 positive results and efforts to block the ihibitory activity with purines
vitamm B, etc so far have been unsuccessful 3

At the level of the susceptible cell 1t 1s obvious that nerther K preu
momae pol: nor 2 5. h prevent infection
and that the pnmary steps 1n the reactton between virus particle and host
cell proceed as effectively 1 the presence as 1n the absence of the mhibitory
substance Because exther compound alters the reproductive process after
mfection of the cell has occurred 1t becomes evident that the outcome of
a virus infectzon 1s not immune from external mfluence and may be modt
fied 1n favor of the cell It has been feasible to test the potential therapeutic
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reproduction of PVM * and mumps virus®® when given during the Iatent
period 1 1 In single cycle expenments with large mocula the substance
may be given 3 hours after mumps virus and 10 hours after PVM and in
hibits multiplication In the latter case the interval 1s equal to about two
thirds of the latent period * The yield of virus at the end of the cycle 15
dimmnished by 90% or more whether mfective or hemagglutinating par
ticles are used for measurement Only a single injection of 2 small amount
of the substance 1s required and a few micrograms re 2 to 5 causes
nhibition with either of the viruses * In both mstances the extent of
mhibition 15 not proportional to the amount of polysacchande used and
after a sigle myection the effect of the compound as well as the substance
itself persists 1n the tissue for a week or more ¢

As 1 virus interference there 1s evid of 1 ch 1 mh
bitron of mull Small of K 4} hand:

P
1nterrupt PVM and mumps virus reproduction 1n the mouse lung and allan
toic sac respectively but large amounts do not affect the multtplication of
mfluenza or Newcastle disease viruses m eisther tissue 42 There 1s a corre
lation between the results of ch hib: and virus
expeniments with the four agents d 71¢ Thus the pol. handes
either interrupt the reproduction of both viruses in a pair showing nter
ference or they fail to block that of either one Moreover with pairs of
viruses which do not gne interference the substance mterrupts the repro
duction of only one virus not that of the other * Although these findings
provide no of the biock 1 basis for inhit of
tion or nterference they suggest that some facets of both are simtlar

The fact that the reproduction of some animal viruses can be mterrupted
by chemical means durmg the latent peniod bears on the mode of action of
the whibitory compounds The viruses themselves are unaffected by the
polysacchande infective particles are not mactivated and hemagglutimating
particles are not mhibited *%5 Obviously the adsorptve process can be

luded from deration for 1t 15 leted before the compound 15
added Because the substance does not alter the rate of accumulation of
virus when given near the end of the latent period an effect on the release
process also can be excluded ** In addition only small numbers of new
virus particles are found m infected tissues treated with the compound no
matter how the cells are ground or extracted As to the mode of actron
there remain for consideratron onlv events occurring during the latter half
of the fatent perrod and 1t may be assumed that these are biosynthetic
d with the reprod e process With K pnewnonmae
;ulysacch;mde 1t has not yet been possible to penetrate more closely to
the mechansm of imhibitory actton

As demonstrated recently 1n our laboratory by Tamm et al 0282930
2 5_dlmethylhcnzlmxdazole inhibits the reproduction of nfluenza viruses
1 the compound 1s added during the Jatent period The results of kinetic

whe
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effect of K pneumoniae polysacchande m mice mfected with PVM  the
smallest of the three animal viruses studted Although the substance 15 with
held for 3 days after infection and only 20 micrograms 1s given when evt
dence of pneumomna 1s already present the disease 1s modified and 60%%
or more of ammals recover from an infection which 15 umformly fatal
controls 1*

If 1t 15 assumed that the tissue damage resulting from a varus infection 15
due to abnormalities m cell function occasioned by reproductton of the
agent then 1t 1s reasonable to think that compounds which mhibit the re
productive process mught have therapeutic usefulness Similarly if 1t 15
thought that ussue damage 1s attributable to the cytotoxic effects of a high
concentration of virus particles then compounds which decrease the yreld
of virus might also be useful It 1s clear that the results obtamed with k
prneamonae polysacchande 1n mice 1nfected with PVM do not distinguish
between these alternatives Emphass should be placed upon the fact that
once virus concentration has reached maximal levels in the lung the com
pound does not alter the progress of tissue damage or modify the course of
the disease * Thus 1n this case the mterval of usefulness 1s restrcted and
does not extend throughout the disease process
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Bactenial Transformation as an Infechion by
Desoxyrbonucleic Aad

Rollin D Hotchkiss
The Rockefeller Instifute for Medical Research New York New York

The concept of viral mfection mcludes two rather dissimular parts the
mvasion aspect and the aspect of replication or prohferation The first men
tioned offers so many different mamifestations that virologssts often seem
to find little common ground when discussing different viruses 1n therr dif
ferent hosts wath their vaned modes of transmussion vectors portals of
entry and dormant phases What may add to the confusion 15 the unforta
nate fact that the mvastve aspect 1s also spoken of almost mterchangeably
as the 1nfective process even though 1t 1s only a part of the whole process
of mfection the same word bemng understood to mclude the whole when
used at other times There appears to be however a genume common
mterest i the and Jess di of opintons per
haps because therc 18 a far smaller body of data about actual happenings
1n probiferative processes about which 1o disagree Bactertal transformation
13 another example of an mvasive and rephcative serses of events and 1t 15
hoped that a bnef treatment of this phenomenon may suggest some con
siderations useful i the virus field

T: as used mn signifies the modifica
tion of one bacterial strain by cellular products dernved from another stramn
By far the most important contribution m this field was made by Avery and
coworkers who reported 1 1944 that the transformng agent mducing a
specific capsule type (Type III) mn p was closely
with the high molecular desoxyribonucleic acrd (DNA) of the encapsu
lated stram

In describing the typical bactenal transformation the following poiats
are important

1 Transformation occurs when suitable bacteria are grown 1n the pres-
405
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Selection of spontaneously pemcillin resistant R strain

& 8
6%,  renwcilin )
89:9:0;: growth medium &~ gf :9°
T i taon 10 p 11
So DNA U
O
Oy exteaction \ seg,
+ 0900
=
e
o Medum .'3‘%: /
serum facton hi Oy

Fio 1

indscates 1 schematic fashion the process by which reststant cells resulting
from spontaneous mutation can be selectively cultivated n the drug to
whch they are reststant and their parent stramns are Sensitive As wdicated
the DNA of such a selected stram gives nise to drug resistant transformants
1n a population which has never been exposed to the drug The progeny of
these new cells mhent therr resistance and continue to produce more DNA
with the same potentiality

Here can be seen the aspects of DNA which make 1t remumscent of an
intracellular infectious agent As a biologically active entity 1t has been
extracted from a cell which harbors it and after an 1edefintely prolonged
extracellular phase dunng which 1t does not multiply and 1s relatively
stable 1t can agam be ntroduced into swtable susceptible cells 1n which

1t will be proy d ds of the host cell
whale 1t does so
Q

study of drug also throws some
Light upon the genetic aspects of the process Like genes the transforming
factors for capsule synthesis and drug resistance act separately without any
particular mterference giving separate transformations even when they
come from the same cells Thus the DNA from a stramn of pneumococcus
possessing both a specific capsule and one or another drug resistance will
give Tise to drug resistant transformants and to encapsulated ones but never
10 general to cells which have acquired both factors at the same time Thus
Tesult clearly suggests that 1t 15 the determimnants rather than some com
ponents or cofactors of the enzymanc apparatus of the cells which are
being transfersed in the DNA

The specificity of the pattern 1s more striking still when the qQuantitative
levels of drug are dered Pemcillin 1s known to be
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ence of specific transforming factor derived from a different donor stram
of the same species

2 The transformmg agent can be 1dentified as DNA (since demonstrated
more nigorously to be devoid of protein) 3

3 The result of the transformation 1s to cause certamn few cells of the
reciptent stram more nearly to resemble the donor strain

4 The progeny of the transformed cells conttnue to exibit the mduced
properties indefimtely

5 The progeny of the transformed cells can 11 multiplying produce un
limuted amounts of DNA capable of transformng other cells in the same
way

The classic demonstratton of these principles was soon followed by
other specific capsule transformations m Diplococeus pneumonae*587
and y n H hall , 39 and A dis 10
also one obtamed with partial regulanity mn a partrcular strain of Escherichia
coli 1* since lost Transfers of certam drug resistance?! 13 and a few en
zymatic!¥ 1318 properties have also been obtamed these Irke all of the
capsular and antigen transformations bemg induced by a high molecular
DNA prepared in varying degrees of purity from stramns of the homologous
species bearing the specific property bemg transferred Altogether some
forty different transformations involving about thirty biochermeally drfferent
properties have been demonstrated 1 the several species

Of especial interest m connection with viruses are the reported transfer
of vrrulence for plants between different strams and even species of crown
gall bacterta 17 and conversion of rabbit fibroma nte myxoma virus 3%
although n these cases the nature of the change and of the extracts mducing
1t are not adequately understood A number of specific relatwvely well
known bactental characteristics have been shown to be transferred by vt
ruses recovered from specific stramns of Salmonella paratyphi 22! and §
typhosa  when they act upon bacterta of these same species Nothing
more at present is known to suggest why an occastonal virus particle suc
ceeds 1n these transductions in carrymng a host trait from cell to cell It
1s altogether posstble that the virus sometunes transports a bit of host DNA
or a DNA containing fragment of the hosts genetic apparatus although
there 1s no evidence for this view In any case the 10000 fold greater fre
quency of transformations i pneumococcus (and 10 to 100 fold n Hemo-
philus) above that found n Salmonella brought about by DNA prepara
tons that have given no indication of containing virus (or indeed protem)
make 1t seem more reasonable to expect the Salmonella phage occasionally
to bear host DNA than for the pneumococcus DNA to bear large quantities
of an hypothetical exceptionally rugged proten free virus

Most useful sn vestigation of the nature of these processes have been the
drug resistance transformations which allow the newly transformed (re
sistant) cells to be selected out and quantitatively determned *2 Figure 1
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At the same time each of these smgle DNA factors can be looked upon
as an independent agent capable of mvading producing a modified cell and
being reproduced indefimtely hike onc of the bettcr adapted nfectious
agents This aspect 1s brought out 1n experiments upon the rate of develop
ment of drug resistant transformants Figure 3 shows a typical curve This
reveals that after a very short exposure to DNA carrying drug resistance
factor there 15 a brief latent phase dunng which no resistance 15 detectable
Then within very few minutes many thousands of transformants abruptly
reveal th with a fully drug These cells do
not however multiply even m the absence of the drug for 2 constderable
time and then at Iast begin to do so

Rate of drug reatstance transformation

Transformed cells

H rs0 3 4 6 8 o
Fic 3

Considering the process as mumckimng an infection the first horizontal
phase 13 the one dunng which the cells become suscepuible to DNA Then
there 15 a distinct latent penod before the cell demonstrates the modification
which 1s 1mitiated by the short exposure to DNA After this modification
(drug resistance) has been completed there 1s a further latent phase durmg
which the modified cell learns to reproduce itself and at the same ttme the
new DNA as well

Considered agam from the other point of view the results also seem to
have genetic sigmficance The early period dunng which drug resistant cells
afe appeanng seems to represent the tme when the gene 1s mitiating its
phenotypic expresston The plateau and later nise represent the peniod when
the gene 15 coming to be reproduced itself Thus the two fundamental
properties of a gene appear to be displayed and separated i time from each
other 12 the later stages of transformation

One may perbaps reconcile the mfectious and the genetic views of
transformation If DNA proteins (and occasiopally nibosenucleoprotems)
constitute the genetic apparatus of most spectes then 1t 15 these entities
most of all which have to be duphcated and passed or if there 15 to be
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g n step p mutations in bacterta each step permt
ting growth m a higher concentration of the drug (pattern A Figure 2) %
When a hughly resistant pneumococcal stran which has undergone multiple

steps of to 15 the source of transforming
agent pemicillin sensitive cells are transformed only to the first Iowest level
of resistance *2 The product of this one step process treated with the same
DNA from the multiple resistant strain can now acquire the second step
of and so on pr upward along curve A In other words
transformation has transferred 1 stepwise fashion genetrc determunants
which correspond exactly to a series of determinants which had previously

e — B
1
i
! A
]
Q 1
I3} ]
=1 1
S f
9 I
123
(3}
M
Exposure
Fio 2
been 1 quired 1n the sp d by the

donor stramn  Streptomycin resistance also appears mn quantifative muta
tronal steps transferred stepwise 1n transformation Here however besides
the stepwise resistance series (type A) there 1s known a more rare mutation
which gives 1n a single step a highly streptomycn resistant mutant (pattern
B Figure 2) If we take two strams one highly resistant as the result of
multiple cumulative mutations the other as the result of the single hugh
step we can prepare two DNA transforming agents from two strains of dif
ferent genetic makeup but outwardly similar properties It 1s observed that
each DNA preparation unnustakeably reflects the history of 1ts donor strain
by transmutting the first Jevel of ressstance that stramn had reached which
1n one case (stram type A) 1s 2 low step in the other (type B) a high step
Agam we are npressed with the fact that the DNA represents not merely
the attamed resistance state of the donor bacter:a but actually appears to
be a reposttory for the genetic of the donor strain It
can be concluded that the DNA 1s not only the transmussible form of the
bactensal mutations but also the site 1 which they had occurred and there
fore the very material of which the genetic apparatus 1s made
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reproduction of the spectes When a bacterral or multicellular species does
this 1t 1s called growth and reprod When an llular virus ac
complishes the same thing 1¢ 15 more likely to be called infection Although
in their more complex mamnfestations genetic and infectious phenomena
can be rather clearly distimgwshed at their most elementary levels these
two principles appear to find common expresston 1n the processes m which
nucleic acids take part Thus as we have already scen there are both
genetic and mnfectious aspects to the events that follow the mtroduction of
coltphage DNA mto host bacteria The nfection 1 fact seems to be

2 d by the deering of the genetic apparatus of the host cell
Doubtless DNA entities better adapted to the host cell underle the less
drastic nfections with the symbiotic viruses At a perhaps still sumpler level
the single factor transformung DNA s of bacteria have the same dual aspect
These agents mnvade a surtable cell with such precise adaptation and with
so small a change m the overall that we are d to
think of the infected strain as perhaps genetically unique but well within
the range of what 1s normal brologically Since this seems reasonably
justified  transformation then appears as the elemental umt process of
normal genetics—a single factor transfer of a small well adapted homolo
gous umt As the homologous umt becomes larger and more complex we
approach more and more the domain of classical genetics as the umit be
comes more and more abrormal or foreign we come closer to the border
line of pathology and infection
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g at least himited success 1 a search for intibitors active agamnst polio-
myelttis virus
Snmulated by the observations (1) that tryptophan deficiency resulted
ly marked prol of peniods 1n mice infected
wnh Type I peltomyehtis or Theiler s GDVII encephalomyelitis 17# and
(2) by the earlier discovery that S-methyltryptophan inhibited the growth
of cohphage 8 we undertook a study of a number of substituted methyl
ptophans'® and other tryptopl * for it activity
agamst Type II poliomyelitis in mice ° Mice receiving adequate amounts
of protein tolerate high levels of these tryptophan derivatives well and one
of the compounds 6-methyltryptophan Figure 1 can be fed to mice mn 2
teyptophan deficient diet without greatly aggravating the deficiency Our
cather study of these analogs was limuted by the amounts avalable to an
meonclusive expennment with small numbers of ammals and Theders
GDVII wvirus The results suggested however that incubation penods m
mice recesving 6-methyltryptophan were prolonged to a greater extent than
1n mice with tryptophan deficiency alone
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Nutrnitional Inhibitors
A F Rasmussen Jr

Dy of Inf Diseases U, y of Colifornie Medical Center
Los Angeles Caltforma

The possibility that antiviral agents mght be discovered among nutri
tional inhibitors 1s naturally suggested by the observation that mice suffer
1ng from nutntional deficiencies are less susceptible to certam varal infec
tions than are well nourished controls ¢ The admrmstration of oxythiamine
to mice moculated with Lansmg poliomyehitis' resulted 1 a sigmuficant
delay 1n the onset of paralytic disease but the end result was essentsally
that previously observed m thiamune deficiency 1e all treated mice ultr
mately d Simlarly d yp: me m small doses durmng the
ncubation period exerted some protecttve activity 1n nfections with the
preumomia virus of mice PVM 1 but the admumstratron of desoxypyn
doxine for a peniod prior to fection actually appeared to enhance the
sevenity of mfectrons with PVM virus The methronme antagomsts ethio
nine and i 4 d the growth of mfl 1 tissue culture
another meth 1f¢ also mhibited m
fluenza virus and poliomyehtis virus m tissue culture* and i muce 12 Yet
a prophylactic or therapeutic activity has not been demonstrated Morgan!®
has described antiviral activity of several folic acid antagomsts aganst psit
tacosis virus 1n tissue culture but reports of simular experiments 1o intact
ammals have not appeared We have ourselves” tested 2 vanety of fobe
acid antagonists aganst Type II poliomyelitis 1n mice without success

‘When the p adverse 1nfl of stress on
to are dered p Iy P of resist
ance and the impairment in antibody production ! one may question
whether or not continued mterest m this approach to the chemotherapy of
yiral mfections 1s warranted In spite of these theoretical objections we
have thought that putntional inhibitors might be discovered which would
rere sclectively with the growth of viruses I shall present data suggest

412
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of Lansing pohiemyelitis 1 such mice 15 essentially stmlar to that i well
nourished mice with most of the infections developing within two weeks
The additon of 02¢% 6-methyltryptophan to this diet 2 4 to 1 ratio of
analog to tryptophan results not only 1n an ncrease i incubation penod
greater than that seen 1n tryptophan deficiency alone but also m the sur
wival of a significant number of muce The addition of 6-methyltryptophan
marato of 10to 1 05% has an even more pronounced effect with half
of the mice surviving Furthermore most of the survivors remain well after
bemng placed on 2 high protein (19% casein) diet without 6-methyltryp-
tophan and resist intracerebral challenge wath 500 LDso of Lansing virus
given one month after the withdrawal of 6-methyltryptophan This shows
that an active immumity develops even though symptoms of pohomyehts
are suppressed

The question may well be raised however Is the suppressive action
sumply that of a partial tryptophan deficiency induced by the antagomst?
Ifso ther a ssimular spaning action should be demonstrable 1n mice at some
level of tryptophan defictency Table 1 summanzes the results of an expen
ment?® m which groups of mice were fed decreasmg levels of tryptophan
and 1t 1s seen that at no level 1s there a protective mfluence approaching
that observed 1n the group receving 6-methyltryptophan

Table 1

COMPARISON OF TNFLUENCE OF GRADED TRYTOPHAN DEFICIENCY AND OF 6-METHYL
TRYPTOPHAN ON LANSING POLIOMYELITIS IN MICE

Deaths 1n A erage Average

Nuntional  Incubation  Surnal

Diet No Mce  Controls P od Tume

(Days) (Day

Controls Complete Diet 1 07 66 25
Tryptophan Deficient 20 37 87 104
0017 Tryptophan 20 176 10 11
003¢ Tryptophan 20 0/7 96 2
005 Tryptophan 1 07 84 99

005" Tryptophan plus

05 6-Methyltryptophan 20 07 155 178

Mice mnoculated after seven days on experimental d ets with 100 LD. Type II
(Lansing) poliomyeltis virus intracerebrally

1 shall now describe briefly y * ind: that the
ingestion of Tow tryptophan diets contammg 6-methyltryptophan may also
Tesult 1 some protection against oral mfection with Type I poliomyelitis
Virus 1n cynomolgus monkeys Our studies 1 mice had shown that the
greatest protection against Lansing mfections was observed 1n the animals
fed diets contaming a small amount of tryptophan (0 05%%) and ten times
that amount of 6-methyltryptophan The tolerance of 121022 kg Philip
pmne cynomolgus monkeys for 6-methyltryptophan was approumated by
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We have suce been able to show?® that in Lansmg nfections mn mice
6-methyltryptophan has a suppressive effect which appears to be more
selective than other mhibitors employed 1n our Iaboratory On a control
diet, conststing of a muxture of amino acids AAM-2 (Figure 2) 1 place
of proten almost all ammals develop typical paralytic disease and die
during the first 14 days after intracerebral moculation with 100 LDy, of
Lansing virus  On tryptophan deficient drets an mncrease 1n the mcubation
pertods occurs with the peak incidence of paralysis and death between the
tenth and twentieth days The addition of 02% of 6~methyltryptophan to
a deficient diet results 1n a much greater delay m the onset of the expen
mental infection the peak falling m the fourth week In a typical expeniment
the paralysts rate did not exceed 60% at the end of the observation pertod
there was however a compensatory increase in deaths in mice 1 which
paralysis was not observed possibly due to acute tryptophan deficency
precipitated by the mfection the analog or both In any case although the
mcubation peniod was greatly prolonged the final result was not influenced
favorably

If the G-methyltryptophan 1s added to a ration contammng a small
amount 005% of tryptophan the result 1s quite different Mice recerving
this amount of tryptophan do not grow raprdly but they remam alert and
active and do not show evidence of acute tryptophan deficiency The pattern
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Philippine cynomolgus monkeys weighimg from 12 10 22 bg and the
Wisconsm 45 stran of Type I poliomyehtis virus 1n the form of a pool
of 10% monkey bramn-cord suspunsion prepared and stored m 50 m!l al
quots at —40 C were employed The monkeys were moculated by offer
1ng them 20 ml of virus suspension sweetened wath sucrose 1n thewr
drinking wups Water was withheld on the day or days virus was given until
the virus suspunsion was consumed Ordinanly the animals drank the virus
suspension tmmediately The indicated amounts of 6-methyltryptophan and
tryptophan were added to the dry corn grit basal moistened with water and
cooked 1n the autoclave for 30 minutes at two pounds pressure The result
ng ration was granular but soft and 1t was much more palatable to the
monkeys than 2 dry ration The ration was offered 1n small amounts about
50 grams three times daily Control antmats receved the 18% casewn basal

In the first experiment a group of nine monkeys was placed on the basal
ration 2% 6 hyltryptophan and 0 05% DL~tryptophan for
seven days on the eighth munth and tenth days this group and a control
group of mne monkeys were fed a total of 120 ml of 10% virus suspension
(about 1 200 000 mteacerebral LD ,) 1 six doses of 20 ml each Tempera
tures were recorded daily and the animals were observed for signs of dis
ease twice daily Three weeks after the first wvirus feeding the surviving
ammals were placed on the 18% casein basal diet The results are recorded
mn Table 3

Table 3

ORAL INFECTION WITH TYPE | POLIOMYELITIS VIRUS IN CYNOMOLGUS MONKEYS RECEIV
ING 6-METHYLTRYPTOPHAN (6-MT)

29 6-MT 005 Tryptophan n M3
Corn Grit Basal Control
- onewmtes o9
Monkey No  Fevert Paralysis Monkey No  Fevert Paralysist
TR Tevenm TmAvR
1 ° 3 17 56 3
6 [ 8 24 4567 7
11 0 8 16 567 8
3 78 9 21 7 8
15 s 9 20 8 8
K Ed 10 18 78 9
13 [ 10 2 8917 9
3 0 0§ 23 8 9
10 o 0§ 19 8 11
TOTAL — -
PARALYSIS 7 9

Monkeys were fed evper mental rations for seven days on the eighth minth and
tenth days each anmmal received two 70 ml feedngs of 10°° cord suspension of
Wisconsin 45 wirus (a total of 170 ml contaiming 1200000 intracecebral LD )

o ?dFevcr—Days after first virus feeding on which fever of 103 F or higher devel
e

4 Paralysis—Days after first virus feedsng when paralysis appeared

§Monkeys No 3 and No 10 resisted intracerebral challenge with 500 LD Wiscon
N 45 v rus six weeks after oral moculat on
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feeding 6-methyltryptophan 1n a diet consisting of corn gnts 89% com
oil (fortified with oleum percomorphum 25 mt perliter) 55% salts IV

of Phullips and Hart 4% 1-lysine HCL 1 0% and pL-methiomne 0 5%

Water soluble vitamins were provided as a supplement 1n the drnking
water each morming Control ammals were fed our basal ration (M-3)
contanmng 18% casein The addition of 2% 6-methyltryptophan to the
corn gnt basal either with 0 05-0 1% supplementary tryptophan or with
out had no consistent adverse mfluence Table 2 Some ammals lost weight
rapidly on these rations but 5o also did ammals on the corn gnit basal with

out 6-methyltryptophan occasional animals failed to thrive even on 18%
casein

Table 2

CHANGES IN WEIGHTS OF CYNOMOLGUS MONREYS FED 25 6-METHYLTRYPTOPHAN IN
CORN GRIT BASAL FOR FOUR WEEKS

Experument 1 Expenment 2 Experiment 3

No 2% 6-MT 005% No 2° 6MT noadded No 2% 6-MT noadded
tryptophan tryptophan tryptophan

on * FW1t on Fnt on* Fut

3 2292 2203 25 1337 1216 49 1612 1575
10 1456 1583 26 1205 1110 50 1122 1no

Avg 1398 1223 1427 1389
* Weight 10 grams when placed on ration indicated
+ Werght 1n grams four weeks later

Subsequent nutritional observations were limuted to those ammals which
also received virus and definite conclusions as to the chromic toxicity of
6-methyltryptophan cannot be drawn It would appear that as has been
shown to be true 1n the mouse 6-methyltryptophan 1s not a highly active
nutritional antagonist for tryptophan n the monkey Several of the monkeys
developed anorexia during the last days of the expeniment and 1t 1s thought
that this may have been a manfestatron of chromic tryptophan deficiency
On the other hand 1t 1s probable that some ammals would tolerate 2%
6-methyltryptophan m the corn gnit basal for a longer time and that con
centrations considerably greater than 2¢5 could be fed for shorter periods
Although a general tendency to diarthea was observed among all of the
monkeys mcluding those recetving 189 casein none developed the severe
dysentery charactenistic of defictencies of folic acid and other water soluble

vitamins
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Table 5

ORAL INFECTION WITH TYPE 1 POLIOMYELITIS VIRUS IN CYNOVOLGUS MONKEYS RECEIV
NG 6-METHYLTRYPTOPHAN (6-MT)

2% 6-MT in Corn Grit Basal M-3 Controt
Monkey No  Ferert Paralysis* Monkey No  Fevert Paralysist
573 7 0 67 3610 10
51 678 0 67 91011 12
53 6713 0 64 12 13
4 [ 0 63 I 30
50 0 0 59 3 [
5 0 0 68 3 0
54 [ [ 66 6 [
55 0 0 61 0 [
56 0 0 65 o o
58 0 0
TOTAL —_ _
PARALYSIS o 4

Monkeys were fed cxpenimental diets for seven days on the cighth day each
animal received two 20 ml feedings of a 1 40 dilution of stock 10" cord suspension
of Wiconsim 45 virns (a total of 40 ml of 2 1 400 dilution of infected tissue contarn
ing 10 000 intracerebral LD )

}Fever—Days after fist irvs feediog on which fever of 103 For hugher de
veloped

Paralysis—Days after first virus feeding when paralys s appeared

§ Monkey No 57 was slow dull and ataxic mine days after moculation with v rus
but recovered withont developing paralysts

6-methyltryptophan 1s highly msoluble Effective assumilation from the
almentary tract might be expected to require the simultaneous presence of
other amino acids® * and m fact Gebhardt and Bachtold * find that large
doses of G-methyltryptophan fail to protect monkeys which have been
starved for 48 hours prior to moculation The fact remains however that

P y to paralytic p 1n the monkey as well as in the
mouse can be modified by the admrmustration of an amino actd antagonist
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Experiments 2 and 3 were sumilar except that (1) the 2% 6-methyl
tryptophan ration was not supplemented with tryptophan and (2) the
monkeys recerved two feedings of 20 ml of a 1 400 dilution (approxt
mately 10 000 wtracerebral LDso) from the same pool of Wisconsin 45
virus on the eighth day of lhe experiment The surviving ammals of alf three
exg were chall with 500 LD o Wisconsmn 45
wirus 6-9 weeks after t.hexr oral exposure

In Experiment 1 Table 3 there was a suggestion of protection agaimnst
the virus 1n the 6-methyl tryptophan group 1¢ incubation penods were
longer febrile prodromata less pronounced and two anmmals escaped
paralytic mfection These two amimals Nos 3 and 10 apparently did ex
perience an £ for they resisted a large intracerebral
challenge 9 weeks later In the second Table 4 and third Table 5 expern
ments the smaller inoculum resulted 1n a lower meidence of paralytic mfec
tion 1 the controls 8/ 10 and 4/9 respecnvely while only one of the twenty
animals g hyltryptophan became paralyzed The surviving
animals m the latter experment d to bral

These observations must be interpreted with caution There are many
factors which would tend to lmt or even preclude practical application

Table 4

ORAL INFECTION WITH TYPE I POLIOMYELITIS VIRUS IN CYNOMOLGUS MONKEYS RECEIY
ING 6-METHYLTRYPTOPHAN {6-MT)*

2% 6-MT wn Corn Grit Basal M-3 Control
Monkey No Fevert Paralysist Monkey No  Fevert  Paralysis*

31 s 7 37 3 78

32 3 [ 43 67 8

25 0 0 36 578 8

26 0 0 a1 9 10

27 0 0 38 68910 11

2% 0 0 a2 7 2

29 0 0 35 0 14

30 [ 0 a1 0 19

33 0 0 39 0 [

34 0 o 40 o °

TOTAL — -

PARALYSIS 1 8

+ Monkeys were fed expenmental drets for seven days on the eghth day each
animal received two 20 m! feedings of a 1 40 dilution of stock 10" cord suspension
of Wisconsmn 45 varus (2 total of 40 ml of a 1 400 dilution of mfected tissue contaid
1ng 10 000 1ntracerebral LD}

+ Fevesr—Days after first virus feeding on which fever of 103 F or hugher de
veloped

#Paral

§ Monkey No 37
cord revealed typical

ys1s—Days aftee first virus feeding when paralysts appearcd
was found dead on the seventh day Evammation of the brain and
! histopathology of severe pohomyelitis
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Inhibition of Virus Multiplication through Con
sidered Use of Antimetabolites

D W Woolley
The Rockefeller Institute for Medical Research New York New York

The purpose of this paper 1s to dumonstrate how 1t 15 possible to predict
and to realize antiviral agents which will harm the invading orgamism with
out at the same time poisoning the aumal host The selective action which
such compounds exhibit 15 a prnme requisite of a useful chemotherapeutic
drug Without 1t no chemucal substance can be considered useful and prac
tical 1n the treatment of disease because if the proposed drug 1s harmful
to the ammal host as well as to the mnvading microorganism treatment with
the drug may well be as disastrous to the anumal as is the untreated disease
I'wish to emphasize this point because 1t 1s an important one which has
recetved practically no attention At most investigators of chemotherapy
have been aware of the desirability of selective action but with a gesture
almost of despar have resigned themselves to the task of finding antiviral
agents 1 the hope that if they do find one 1t will perchance exhibit the de
sired selective toxicity In the earher work on bactenal chemotherapy
sulfanilarmide and perucillin were found in this way as were also strepto
mycin and chloromycetn Balanced agamnst these successes however are a
surprising number of fallures A great deal of effort in chemotherapy has
terminated finally 1n falure because the antwiral or antibactertal agents
found have proven to be toxu. to the ammals one wishes 10 treat

This afternoon I want to show you that it 1s not essential to rely blindly
on chance to yield us antiviral agents of hitle or no harmfulness to animals
It has been possible to make several laboratory test systems in which the
chemical structure of a substance was predicted which would harm a given
virus and would not harm the host These compounds bave been synthe
sized and shown to function 1n the desired selective way I want to describe
to you two separate cases m order to illustrate that there 1s not Just one way

21



14
15
16
17

=3

2

S

21
22
23

DYNAMICS OI VIRUS AND RICKETTSIAL INFECTIONS

Davies W L W L Pond § C Smuth A F Rasmussen Jr C A
Elvehjem and P F Clark J Bacr 64 571 (1952)

Gebhardt L P andJ G Bachtold Personal communecation (1953)

Gerger E J Nutrition 34 97 (1947)

Gershoff S N A F Rasmussen Jr C A Elvehem and P F Clark
Proc Soc Exper Biol Med 81 484 (1952)

Jones J H C Foster and W Henle Proc Soc Exper Biol Med 69 454
(1948)

Leftwich W B and G S Musick J Exper Med 89 155 (1949)

Minck & S and W B Leftwich J Exper Med 89 175 (1949)

Morgan H R J Exper Med 95269 (1952)

Pond W L W L Davies S C Smuth C A Elvehiem A F Rasmussen
Jr and P F Clark J Bact 64583 (1952)

Potter Richard L Biological antagonisms with amtno acsd analogues ”
PhD Thesis University of Wisconsin 1949

Rasmussen A F Jr P F Clark S C Smith and C A Elvehjem Bact
Proc 93 (1951)

Rasmussen A F Jr R W Weaver C A Elvehjem and P F Clark
1m press

Ruchman 1 J Immunol 53 51 (1946)

Sabin A B J Pediatrics 19 596 (1941)

Smith S C A F Rasmussen Jr C A Elvehjem and P F Clark to be
published



31

Inhibition of Virus Multiplication through Con-
sidered Use of Antimetaboltes

D W Woolley

The Rockefeller Inshitute for Medical Research New York New York

The purpose of this paper 1s to demonstrate how 1t 1s possible to predict
and to realize antiviral agents which will harm the ivading orgamsm with
out atthe same ime posonmg the anumal fiost The selective action which
such compounds exhibit 1s a prime requistte of a useful chemotherapeutic
drug Without 1t no chemical substance can be constdered useful and prac
tical in the treatment of disease because 1if the proposed drug 1s harmful
to the animal host as well as to the invading microorganism treatment with
the drug may well be as disastrous to the animal as 1s the untreated dsease
I wish to emphasize this pomnt because it is an 1mportant one which has
recewved practically no attention At most investigators of chemotherapy
have been aware of the desirability of selective action but with 2 gesture
almost of despair have resigned themselves to the task of finding antiviral
agents in the hope that if they do find one 1t will perchance extubit the de
sired selective toxicity In the earher work on bactenal chemotherapy
sulfanifarude and penterllin were found 1n this way as were also strepto
mycm and chloromycetin Balanced agamst these successes however are a
surprising number of fallures A great deal of effort n chemotherapy has
terminated finally in farlure because the antviral or antibacterral agents
found have proven to be toxic to the ammals one wishes to treat

Thes afternoon I want to show you that 1t 1s not essential to rely blindly
on chance to yield us antiviral agents of little or no harmfulness to antmals
It has been possible to make several laboratory test systems 1 which the
chemecal structure of a substance was predicted which would harm a given
virus and would not harm the host These compounds have been synthe
sized and shown to function n the desired selective way I want to describe
to you two separate cases i order to illustrate that there 1s not just one way
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to realize selectively toxic substances One of these will deal with mfluenza
virus and the other with spontaneous mammary tumors of mice
These examples are going to revolve around antimetabolites However,
m the very begmnng it should be emphasized that just any antumetabolite
will not do A large amount of testing of muscellaneous antimetabolites for
chemotherapeutic activity should have convinced everyone (although I am
afraid 1t has not) that antimetabolites per se are not the magic words of
chemotherapy Rather I think the promuse of success lies 1n the understand
1ng of antimetabolite action and the dered use of this Ted,
Furst let us discuss what an ant; lite Certain
compounds have a structural resemblance to specific essential metabolites
of hving things and in additton these analogous compounds are able to
counteract the vital processes which are carried on by these essential metab
olites Such structural analogs which antagomze the action of essential
are called bol. The structural resemblance of metab
ohte and antimetabolite 15 1mportant because 1t 1s this feature of the antag
onst or wnhibitor which allows 1t to exclude the essentral metabolite from
1ts vatal f Tt1s this which p the biological effect
The action of anttmetabolites can be described sumply as shown 1n the first
shide The enzymic reactions which are the basis of most Iiving processes
take place m two steps as shown on the siide The antimetabolite works
because whule 1t can take the place of the metabolite mn the first step 1t
cannot 1n the second and Iike the fabled dog tn the manger 1t prevents the
normal metabolite from doing so too
A well known bolite 1s sulfamlamide It has been d d
to exclude p-aminobenzoic acid from its normal enzymic course which 1s
the synthesis of folic acid * 2 As a result the orgamsm dies from lack of folic
acid Ths view of the matter has been boiled down to 1ts essentials for the
sake of clanty There 1s a varety of ancillary knowledge about 1t which
however need not concern us here Nevertheless we must recognize that
the scheme shown m Figure 1 1s not an hypothesis because there 1s a2 body
of expenimental facts to the 1 that sulf: de does
mhubit the synthesis of folic acid m the manner shown
Let us now apply this understanding of antimetabolite action to the prob
lem of finding an agent to mhibst the multiphcation of mfluenza virus
This was 1n fact done early in 1947 3 but for reasons which will appear
shortly 1 shall presume to recapitulate We need to know a specific enzyme
of virus which 1t uses 1n 1ts vital processes and we also need to know the
spectfic metabolite which 1s the substrate of this enzyme Fortunately the
concept of Dr Hurst! % on the il p provided both
The enzyme 1s the hemagglutinin of the influenza virus and the metab
olste or substrate 1s the virus receptor in the red cell and presumably also
tible lung cells We need to know the nature of the substratc but
t enrely clear even today However 1n the winter of 1946-7

1n suscep!
thus 15 no!
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Hirst s evidence obtained with penodate oxidation suggested that it was a
polysacchande The 1dea thus arose i our laboratory that a suitable poly
sacchanide would prevent the teraction of virus and red celt which we see
as hemagglutination The whibitory polysacchanide if 1t were to function
as an antimetabolite of the virus receptor would need to be related struc

Substrate + enzyme «»complex

Complex <+ products + enzyme

Antimetabolite + enzyme -»1nactive complex
Inactive complex <= no products

PAB + unknown substrate + enzyme -+ complex
Complex «~folic acid + enzyme

Sulfamlamide + enzyme -+~ inactive complex
Inactive complex «»no folic acid

Fio 1

luxally to but most certamly not be 1dentical wath thus receptor From the

ledge that the pol of lungs are usually glucurome acid
conjugates 1t was a good guess that galacturonic acid-contaming polysac
chandes many of which occur naturaily 1n plants would mbubit the hemag
glutinauon caused by nfluenza virus Apple pectin 1s such a galicturome

Table 1
EFFECT OF APPLE PECTIN ON AGGLUTINA
TION OF CHICKEN RBC IN PRESENCE AND
ARSENCE OF INFLUENZA A VIRUS

Apple Pectin Hemagglut ation

gamma per cc | with virus | w thout  rus

6666 partial partial
3333 pattal none
1666 partial none
833 trace none
208 trace none
104 partal none
26 partial none
13 complete none

aqd—con]ugat: and trials 1n the laboratory soon showed that it did inhibit
the b of chicken er; by PR8 influenza virus This
fact 15 demonstrated by the data in Table 1 Several other galacturontc acid

contaming polysacehandes exhibited the same property to a greater or lesser
degree as can be seen from the data 1n Table 2 In this table 1t can also be
scen that several other types of polysacchandes were inactive
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Table 2

EFFECT OF VARIOUS CARBOHYDRATE CONTAINING MATERILS ON HEMAGGLUTINATION BY
INFLUENZA A VIRUS

Substance |Least Inhibitory Concentrution
er cC
Polysaccharides P
Apple pectin 26
Citrus pectin 104
Flavseed mucilage Lessthan 13
Gum acacia Less than 13
Specific polysaccharide of acacia Inactive at 6666
Algmic acd 833
Soluble starch Inactive at 6666
Starch polyaldehyde Inactive at 6666
Starch polyacid” Inactrve at 6666
Agar Inactive at 52
Stmple Carboyhdrates
Galacturonic acid Inactive at 6666
Cellobronic acid Inactive at 6666
Inosito] galactoside tartarate Inactive at 6666
Galactose Inactive at 6666
Aldobionic acid of flax Inactive at 6666
Glucose Inactive at 6666
Maanose Inacttve at 6666
Ribose Tnactive at 6666
Complex Concentrates
Blood group A substance Less than 13
Chcken RBC extract Less than 13

These findings of the antiviral effect of apple pectn may now be cast i
the scheme shown 1n Figure 2 The virus receptor 1s the metabolite or the
substrate and the enzyme 1s the hemagghitinm of the virus Pectm 1s the

Substrate + enzyme < complex

Complex <+ products + enzyme

Antimetabolite + enzyme «»1nactive complex
Inactive complex «r No products

RBC Receptor + viral enzyme «»complex
Complex <+ products + enzyme

Apple pectin + viral enzyme «~inactive complex
Inactive complex «»no products

Fig 2

antimetabolite which bears structural analogy to the metabolite It 1s clear
that the pecun acts by preventing the attack of the virus on the receptor

Actual expenuments fatled fo reveal viricrdal properues for the pectin

Thus concept provides us with a sensitive and specific test for the receptor
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1 we were 10 inbit hemagghutimation with a fixed amount of pectin and
were then to mncrease the concentration of the receptor the action of the

pectin 1n 1nh h J| should be “This 1s the same
sort of assay one uses for p-aminobenzoic acid In that case one uses a
fixed amount of sul de and the of PAB by

determinatton of how much of 1t will allow bactenal growth in the presence
of the antimetabolite

This has been done and 3t has been shown that a substance can be ex
tracted from red cells of human bemgs and that thts substance will antago
mize the action of apple pectin ® Furthermore the antagonism was compety
tive 1 nature just as it should be 1f the pectin 15 an anttmetabolite of the
feceptor inthe ted matersal A was found to exist
between the susceptibility of an ammal species to mfluenza infection and the
quantity of this pectin antagomst which could be extracted from erythro-
cytes If a given species was susceptible the antipectin activity of the
erythrocyte extract was large and vice versa Finally the receptor sub
stance or virus substrate was punified to a very large extent and the purified
substance was shown by physical measurements to react with highly pun
fied 10fluenza virus The activity of this substance was very high because
I the presence of 075 mg of pectn one could measure the effect on
hemagglutination of 0 00004 gamma of 1t If we bear mn nund that this test
1s made with unheated virus and not with a socalled 1ndicator stram of
non mfectious particles the high potency 1s even more remarkable and
would seem far to exceed the acttvity of matenals purified from salivary
glands and other ussues by other workers even when one compares the
actovities of these extracts by the use of indicator stramns with the potency of
the erythrocyte substance tested wath live virus

Not only will apple pectin thubit hemagglutination by influenza A virus
but 1n addition 1t wall prevent the multiplication of the virus m the allantoic
chambers of embryonated eggs The data of Table 3 will dlustrate thus fact
These data will also show that a polysacchande such as algimic 2cd which

Table 3

EFFECT OF APPLE PECTIN AND OF ALGINIC ACID ON MULTIPLICATION OF INFLUENZA A
VIRUS IN EMBRYONATED EGGS

Substance Amount |When Gt en| Eggs |Eggs Showing V us Mult plic tion
T 24 24
Apple Pect n 56 lbeforevius| 61 s
aftervirus {56 1”7
25 |beforevirus| 4 1
Algnic Acd 50 |beforevir | 16 14
aftervrus | 78 4
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was mneffective i mhibition of hemagglutination was Iikewise mcapable of
retarding multiplication of the virus i the eggs

This chemotherapeutic action of apple pectm 1s noteworthy for several
reasons One of these 1s that this property sets 1t apart from the various
mhibitors of hemagglutination which have been extracted from armal tis
sues These latter which have been concentrated from eggs and from lungs
from urime and from sahva, will not prevent multiphcation of the virus The
reason I think 1s clear as to why this difference should exist Let us refer
agan to Figure 2 It1s widely believed that the inhibitors of viral hemagglu
tination 1solated from ammal tissues are exther the virus receptor or a degra
dation product of 1t In any event these imMibitors are attacked and de
stroyed by the virus as many experiments have shown In the termmology
of Figure 2 they are the virus substrate or a denivative of 1t It 1s now clear
why they do not mhibit multiplication of the virus To expect them to do
50 15 ltke expecting to stop an invading army by overfeeding st On the other
hand one would expect an antimetabohte such as apple pectin to prevent
multipheation of the virus It acts by excluding the virus from its substrate
and the reaction of the virus with its sut 15 tial to the P
tion and other vital processes of 1t One can readily demonstrate that the
virus does not destroy apple pectin

It 15 now important to say that apple pectin has a selective toxicity It
prevents the action and the multiphcation of the vicus and 1t does so with
out bemng toxic to the embryonated eggs We may well inquire why this 15
so We have seen why 1t 1s harmful to the virus It 15 relatively clear also
why 1t 1s harmless to the host There 15 a body of evidence which tune will
not permut us to discuss now which indicates that the pectin prevents the
mvaston of susceptible cells by the virus In other words 1t prevents the
entrance of the virus into the cell The polysaccharide Iike virus receptor 15
believed to exist at or near the surface of cells where 1t probably serves a
structural or anatormeal functron In other words 1t 1s part of the cell wall
The virus must penetrate this wall to 1nvade the cell and to multiply It
probably passes the wall by enzymic hydrolysis of 1t brought about by 1ts
spectal enzyme which we call sts hemagglutimn  Ths enzymne reaction 1s
susceptible to inhibttion by apple pectin 1n the manner we have pictured
On the other hand the polysacchanide Iike receptor 1s an anatormcal umt
of the cell not designed for active metabohc (that 1s to say enzymuc) reac
tions Since there 15 no need for the cell to metabolize the receptor 1t can
tolerate any amount of an anttmetabolite of 1t

Thus we can see quite clearly why apple pectin has a selective and anti
viral effect The selective touenty 1s achieved by taking advantage of the
different roles played by the virus receptor with regard to the virus and to

the anunal cell
We have come this long way and have used up most of the allotted time

1n order to sec clearly the principles involved in this rather sumple demon
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stration T think 1t has been worth while «f 1t has served to 1llustrate the
thesis of this paper namely that 1t 1s enturely possible to achieve selectively
toxic compounds 1f we but put to use exisung knowledge 1t 15 by no means
2 hopeless task Many pownts 1n the work concermng the actual mampula
tions have been shighted from lack of tme Some of these points are abso-
Iutely essential to the demonstration T would therefore urge you all to read
the published accounts of the work 1 order to gam 2 fuller understanding
1 would also like to dhspel 2 rumor which has just recently been published sn
one of the journals to the effect that apple pectin does not work as has just
been described In fact the statement was made that it does not work atall 7
1 want to say that tn our expenence there 1s no difficulty at all in reproduc
1ng the results wiuch I have been descnbmg to )ou and that we will always
be plad to the i caused by apple
pectin to any one who doubts 1t
As was stated earlier the work just described was published m 1947 and
1949 Despte this age of the data I hase brought them to your attention
today because I feel that there 13 much 1n them which has escaped the
notice of virologrsts and which 1s of considerable importance 1 attempts
at chemotherapy of the disease Apple pectin atself 1s not active enough on
a weight basis to be constdered for practical use 12 medicine but the prn
ciples 1llustrated by the expertments may well be of much importance
In the few minutes which reman I would like to discuss with you a
second case 1n which an antiviral agent has been predicted and reahzed
This one 1s of much more recent vintage but like the first 1t involves an
agent which 1s essentially harmless to the amumal kost while being harmful
to the mvader This 15 the case of the temporary obliteration of spontaneous
mammary cancers of mice with of d
I think this case 1s important because 1t shows a second way i which
selectively toxe agents can be realzed There are probably many other
ways yet to be found The only justification for bringmg this case to the
attention of virologsts 1s that several investigators now believe as a result
of Bittner’s work that these spontaneous cancers of mice are caused by
infection of the suckling young with a vrrus like hiving particle
Time will not permut a full description of the working out of this example
but 1f any of you are mterested the full story can be read 1n 3 papers pub-
hshed dunng the course of the past 3 years 391
One of the crucial paints on which this case depended was the finding of
a metabolic difference between normal ammals and spontaneous cancers I
do not mean to say that glucose or amno acids were metabohized differently
m the two for I fear that 15 the usual of the words
difference Rather the difference was that whereas normal antmals de
pended on a dietary source of vitarmin B,  and apparently did not synthe
size 1t themselves the spontaneom mammary cancers synthesized this essen
tial substance There 15 thus a fu fFe m the
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was neff e 1n of hemaggl was hikewise incapable of
retarding multipheation of the virus 1 the eggs

This chemotherapeutic action of apple pectin 1s noteworthy for several
reasons One of these 1s that this property sets 1t apart from the vanous
nhibitors of hemagglutination which have been extracted from ammal tis
sues These latter which have been concentrated from eggs and from lungs
from unine and from saliva will not prevent multiphication of the virus The
reason I think 1s clear as to why this difference should exist Let us refer
agam to Figure 2 It1s widely beheved that the mhibrtors of viral hemagglu
tination 1solated from amimal tissues are either the virus receptor or a degra
dation product of 1t In any event these mhibitors are attacked and de
stroyed by the virus as many expeniments have shown In the termmology
of Figure 2 they are the virus substrate or a dertvative of 1t It 1s now clear
why they do not mhibit multiplication of the virus To expect them to do
50 1s like expecting to stop an mvading army by overfeeding 1t On the other
hand one would expect an antimetabolite such as apple pectin to prevent
multiphc¢ation of the virns It acts by excluding the virus from 1ts substrate
and the reaction of the virus with its substrate 15 essential to the multiphca
tion and other wital processes of it One can readily demonstrate that the
virus does not destroy apple pectin

It 1s now mmportant to say that apple pectin has a selective toxicity It
prevents the action and the multiphcation of the virus and 1t does so with
out being toxic to the embryonated eggs We may well inquire why this 1s
so We have seen why 1t 1s harmful to the virus It 1s relatively clear also
why 1t 25 harmless to the host Theze 1s a body of evsdence which time will
not permit us to discuss now which indicates that the pectin prevents the
mvasion of susceptible cells by the virus In other words 1t prevents the
entrance of the virus into the cell The polysacchande like virus receptor 1s
believed to exist at or near the surface of cells where 1t probably serves 2
structural or anatomical functron In other words 1t 1s part of the cell wall
‘The virus must penetrate this wall to mvade the cell and to multiply It
probably passes the wall by enzymic hydrolysis of 1t brought about by 1ts
special enzyme which we call 1fs hemagglutimn  This enzymic reaction 15
susceptible to mhibition by apple pectin 1n the manner we have pictured
On the other hand the polysaccharide like receptor 1s an anatomcal umt
of the cell not designed for actrve metabohc (that ts to say enzymic) reac
tions Since there 1s no need for the cell to metabolize the receptor 1t can
tolerate any amount of an antimetabolite of 1t

Thus we can sce quite clearly why apple pectin has a selective and antt
wiral effect The selective tovcity 15 achieved by taking advantage of the
different roles played by the virus receptor with regard to the virus and to

the ammal cell
‘We have come this long way and have used up most of the allotted time

1n order to see clearly the principles nvolved 1n this rather simple demon
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product reversal If a drug such as sulfantlamide inhibits an essential en
zymuc reaction and thereby deprives the cell of the product of the reaction
then the supplying of the product should erase the drug-effect To avoid
this phenomenon 13 not easy In fact until recently t has beea impossible
10 do s0 except by chance It 1s known that sulfanilamude avoids st and
that the ch potency of sulf: would not exist without
1t A study of how sulfamlarmide avords 1t has now led o a way which allows
us to make antimetabohtes which hkewise avoid it However the important
pont for us now s the one 1nvolving selective toucity The selective action
depended on the finding and talung ad ge of the n bot
machmery of host and parasite

HiC N=N—O—COOH

HyC ot
cPA
et NH—SOz—O—NOz
o Nop
DCDNS
Fie 5

The antimetabolites are those shown in Figures 4 and 5 It should be
emphasized that they are not anttvitamms—B;  What they are antagonistic
towards 15 dimethlydianimobenzene

EFFECT OF OF DIMETHYL
ON SPONTANEOUS MAMMARY MOUSE TUMORS

FREATMENT | DAILY | ANIMALS | _TRANSIENT IENT
DosE REGRESSIONS | OBLITERATIONS
TE
su 80 3 2
DMAP 1s 30 s 5
cPAsDCONS | 2oz | 1¢ s 2
™t g t w q H B
Fic 6

When either DMAP or a muxture of the two mere comphcated drugs
CPA and DCDNS 1s injected imto mice bearng spontaneous mammary
cancers approvumately half of the tumors decrease 1n size The data of
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machinery of host and cancer and this difference 1» with respect to vitamin
B, ahighly active substance now considered to be concerned directly with
the formation of desoxynbonucleic acids

Advantage can be taken of this difference with respect to vitamin B,
between host and parasite to construct selectively toxic agents which will
harm one but not both of the parr Ths has been done The substances m
volved are t of dimethyld This dimethyld
amunobenzene 1s the precursor from which hving things make vitamm B,
and nboflavin (Figures 3 and 4) Antimetabolites of it act to nhibit the

CH,OH
(GHoH)y

CH,
HiC, N /N\ro HC \>
H C@ L " HC N
M N {
©

¢
H,C0H
Cag45tir0-14N00PCO
Riboflavint Vitamin Big
Fic 3
HaiC NHz  HsC NHz
HC NHg  HiC OH
Dimethyl~- DMAP
diaminobenzene
Fic 4

synthesis of vitamin B2 Just as sulfamlamide inhibsts folic acd formation
Thus the tumor which synthesizes B, has the machiery which 1s suscep
tible to harm by these antimetabolites whereas the normal host ussues lack
Yis machwmery and hence escape the harm There 1s a little more to 1t than
o tume will not permut us to explore 1t today In fact there 1s a very
tuch will be found discussed 1n considerable detail m the
ly referred to This pomt 1s how to avoid the so-called

this but
erucial pownt Wi
papers previous
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Suppression of Growth by Clinical Antibiotics

! W Mclean Jr, Francis A Miller and Willon A Rightsel
Research t Parke Davis & Company Detroit
Michigan

At the present time there 1s no antibiotic avatlable to the clinreran that
effectively suppresses virus growth Thus statement could well complete this
porton of the symposium 1t 1s made however only 1o emphasize that none
of the ever growmng group of anub so far d has
proven effective on the smaller or as many would constder them the true
viruses Diseases such as influenza smallpox polmmyehm rabies yellow
fever all remain a ch to the exp pist and a prob
lem to the clinician

Nevertheless during the last few years a noteworthy breakthrough has
occurred 1n the field of therapy We now have not ore but a number of
antibiotics that are hnghly eﬂ:clwe m suppressing the growth of certan
obhigate and thewr small cousins the
psittacosis group of mmo orgamisms  Thus 1s not the place for a dscussion
of taxonomy but 1t seems that these two groups of infecttous agents de
serve 1f not generic umion at least recogmtion of therr famihal relationship
However regardless of their final classification they grow within hving
cells hence they deserve consideration with the viruses Furthermore now
that 1t has been demonstrated that the cell bamer 1s not msurmountable we
can look forward to new antibiotics and synthetrc chenucals that will strike
ducectly at the infectng virus and ultimately many virus diseases will yield
to specific therapy With this prospect 1 mind 1t mught be well to review
some of the methods employed m finding and evaluatmg new anttviral anti
biotics and to discuss some of the pitfalls we have encountered 1 evaluating
m the laboratory the presently avalable antibiotics

In reviewing the Lterature on thts subject one canmot help but be mm
pressed by two difficulties The first 1s the marked effect of experimental
design on the results one obtains 1n the laboratory The second 1s the great

431
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Figure 6 will Mustrate this fact Some of the cancers continue ta decrease
unti] they are no longer palpable Although the data are not shown n Figure
6 afew of these obliterations persist as permanent cures m that no palpable
tumor ever again 1s observed This occurs when the drugs are stopped when
the tumor disappears If the drugs are continued all start to grow agam
after a vartable period It 1s for this reason that one must speak of tempo-
rary obliterations In these cases one could say that the cancers have devel
oped a drug resistance just as stmular growths do towards every known
oncostatic agent

If the development of drug resistance could be avoided and if all turmors
could be made to regress and to disappear these agents would be prom
1smg compounds Even as they are they seem to be better than any known

b for of y cancers * Nevertheless
if they do no more than to indrcate to you that 1t 18 emuely posstble to
achieve sel ly toxic p ds through d use of

olites I feel that they will have served a worthwhile purpose Sufficient
delving 1n these quarters may uncover substances with practical usefulness
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schedules blood levels and towiity that cannot be obtamed m any other
way For final evaluation one should if possible study therapy of the virus
mfection n several spectes because of differences n absorption conjuga
tion etc factors which markedly affect the usefulness of any treatment

Regardless of the type of virus culture employed laboratory tests for
antwiral activity fall 1nto two main groups—screening and evaluating

The screening test 1s usually not elaborate n scope It employs few m
fected units whether they be eggs anmals or tissue cultures and 1s de
signed as a relatively crude check for possible nteresting activity The senst
tvity 15 st moderately Iugh and one plans to recheck all indications of
possible activity no matter how shight This type of test with only minor
modifications usually can be adapted to give a rough activity assay proce
dure for antibiotic 1solation or analogue companson Tt is the practice in our
laboratory to use embryonated hen eggs exclusively in preliminary antiviral
testing using only those viruses that kill the embryo within a rather narrow
time range While this practice kmits us somewhat mn the selection of
wiruses 1t Jends itself to vniformuty and an adequate virus spectrum covenng
size range and tropism can be studied Of course susceptible laboratory
ammals usually mice or tissue culture tubes are bemng employed very
adequately 1 other laboratories The final decision on the type of screemng
tests to be used depends on the virus diseases 1 which one 1s primanly
terested the facilities available m the laboratory and the number of un
knowns to be tested The design of the program 1s immaterial as long as a
true antsviral chy h effect 1s d d By this 1s meant that
the infection should be established before treatment 1s started

At thus pomnt 1t mught be mn order to enter a plea for the orgamzed screen
mg program Such programs have been cnticized as bemng an unscientific
approach in that one makes no a prior: hypothests on essential metabolites
or mode of viral reproduction but rather searches aimlessly usmg a shot
gun rather than a nfle Also 1t has been stated that if the effort and money
expended on screening programs nstead were applied to fundamental stad
ies of cell metabolism and vrrus cell interaction a reasonable and Iogical
foundation for viral chemotherapy would soon be available The principle
1s fine but look at the record With the possible exception of para amno
benzore acid mn rickettsial diseases all of the chinically useful chemothera
Ppuetic agents that are now available were either bequeathed to us from the
:mpmcal lore of the witch doctor such as qunme or discovered through

but bservatton by a tramed scientist for example
pemcillin or they were developed imm leads picked up 1n a screening
Pprogram atabrine 1somtaznd

are but a few Fundamentally screening programs are nothing more than
an orgamzed method of increasing one s chances of making a lucky observa
tion The fundamental approach has 1ts place and 15 bemng followed by
many but 1t 15 probable that the screening program will yield the clmically
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4. 1 1 1ah

p y results to the chmc These two prob
lems are particularly apparent when an attempt 15 made to compare two
anttbiotics 1 the laboratory and then predict which will be the more effec
tive chnically It must be concluded that even the best conducted laboratory
evaluation ts merely a qualitative mdication of possible clinical effectiveness
and that final evaluation must await careful clical trials

Methods Used for Testing for Antiviral Actinty
There are many methods of evaluating potential antibiotics 1n experimen

tal virus diseases 1n the lat y The p d most Iy em
ployed make use of the developing chick embryo susceptible laboratory
animals and more recently tissue cultures

Fertile hen eggs when they can be utiized provide a convenient me
dwm for the study of antwiral agents The effects on viral growth can be
determined by (a) Inhit of the devel of pic Jesions
on the chorio-allantoic membrane or it other tissues (b) Delay 1n mean
death time of the embryos or an mcrease m number surviving (c) The
depression of virus activity as evid d by P if of
virus mcluston bodies or elementary bodies  (d) Serologic estimatton
of the quantity of wirus antigen developed durmg incubation erther by com
plement fixatton hemagglutination or infectivity The route of mfection
depends somewhat on the virus bemg studied but treatment can be adnun
sstered 1 2 number of ways Intravenous therapy is possible but 1s rather
laborious and simular results can be obtamed by mjection 1nto the allantorc
sac a route somewhat analogous to intraperitoneal treatment 1n ammals
The yolk sac route 1 the egg would d to oral an
deposition between the chorio allantorc and white membranes gives a mod
erate repository effect sumlar in many respects to a subcutaneous njection

Tissue cultures provide a means for evaluation of antiviral agents under
semu i vitro conditions and are being used more and more as methods are
developed With this medium one 1s working in a relatively sumple system
and the of d and Nty 15 reduced
to a mummum Also one can set the sensittvity at a very high level prcking
up leads that might have been nussed by other methods For fundamental
stuches on mode of action these factors are of course a decided advantage
but for ad )] one must ly study the intact nfected

ammal
1 results ob d from the P y antmal are

gener;lly based on death of the animal macroscopic lesions 1n the various
organs and/or mICroscopic exanunation of the tissue for incluston bodies

and cell pathology For a number of diseases pathogenesis and the climcal
discase can be closely approumated for example the mfection of nuce with
rabtes virus by intramuscular mjection However even if this sdeal 1s not
e animal mfections supply mformation on routes of therapy dosage

possibl
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wiruses or the pox group There have been reports of chinical results or of
apparent suppression of growth n the laboratory but the weight of the
evidence 1s definitely that they are without effect

In our early exp with Ct we found a reproductbl
and significant prolongation of the Iife of mice mfected with vanious strans
of influenza virus ® Sunilar results were obtained 1n chicks tnfected wath the
virus of Newcastle disease However 1n repeated experiments in chick em
bryos we could no effect of chl on the
growth of these viruses work has d d that 1t ss very
probable that this prolongation of hfe 1n antmals nfected with these viruses
1s due solely to suppression of secondary bacterial mvaders rather than to
any direct antiviral effects This expenence 1s mentioned here as 1t 1s pos
sible that others may be ssmilarly misled 1n the mterpretation of ammal
antiviral tests with hughly potent antibacterial substances

None of these broad sp at the developed
1n therapy 1nactivate the micro-orgamsrus on which they are effective Thcy
act by suppressing multiplication not by killing the invading orgamsms
This has been demonstrated repeatedly i the laboratory and 1t has a broad
implrcation mn the planming of a therapeutic regimen Since these antibrotecs
only suppress growth one must depend on the natural defenses of the host
to eradicate the mfection If these defenses have not been alerted by the
early stages of the mfection or if they do not operate properly a relapse
will usually occur after cessation of therapy This s the rationale for the
combioed use of typhord vaceme and Chloromycetn m the treatment of
typhoid feve as has d for the delib with
holding of antibrotic therapy 1n early cases of nickettsial and virus diseases
until the defenses of the patient have been sumufated Dr Woodward who
1s next on this program will probably have more to say on the climeal
importance of this aspect of antibiotic therapy
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effective antimetabolite and that only then will be discovered the unsus
pected essential viral metabolite with which 1t interferes Advocating the
screening program does not mean that we cannot be scientific rather we
should tax our mgenuity to the utmost to devise the best laboratory models
of diseases for evaluating our leads Antiviral leads whether developed
emptrically or by deduction are few and far between and deserve careful
and well planned study

The evaluating tests to be appled to a promising lead cannot be defined
It 15 1n this phase of experimental ch herapy that the gator has
the greatest difficulty There are a number of questions however that one
should try to answer What 1s the mode of action? It may be a drrect viru
cidal effect on the mfecting elementary bodtes It may be a suppressing
effect on some phase of the virus cycle If so where—and 1s 1t on the virus
or on the host cell? What 1s the toxreity activity ratio? Can anmimals in which
symptoms have developed be saved or mught the drug be used prophylac-
tically? These and many other questions anise but if one bears m mind how
the drug can be applied 1 human disease 1t 1s usually possible to decide if
a chimeal tnal 1s warranted As stated before final evaluation must come
from the clinical case but the laboratory can and should provide data on
safety dosage schedule route of therapy and some evidence of possible
chnucal usefulness before such tests are indicated

Laboratory Results with Chmecal Antibiotics

The climcal antibiotic that first showed any suppressive effect agamnst 2
virus was pemicillin It was found to nhibit the growth of murme feline
and meningopneumonitis by Eaton and his co workers? Also 1n studtes
with the pox group Groupe and Rake reported that a number of these
agents were inhubited by crude prep of 1 pent
cilin This activity was traced to an impurity in the preparatton used pure
crystalline pemcilim bemng without effect It 1s likely however that the
impurnity was also an the next t to be
introduced was found by Smadel s group® to show some shght mnhibitory
effect on a number of Rickettsiae when very large doses were used How
ever neither pemicillm nor streptomycin has proved to be of any value 1n
the primary treatment of virus diseases even though they have been widely
used to control secondary bacterial invaders

With the advent of chloramphenicol® and aureomycin ® the era of the
socalled broad spectrum antibrotics was opened These drugs have proved
to be truly remarkable chemotherapeutic agents While their range of use
fulness 1s not as broad as some had hoped they have proven highly effective
n lling many bacterial inf: as well as the ncketisial diseases and
infections caused by the psittacosis—L G V' group of viruses These anti
biotics and others that have since been introduced—terramyern © erythro-
mycin 7 and magnamvan®—have no direct effect on the growth of the small
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viruses or the pox group There have been reports of clinical results or of
apparent suppression of growth 1a the laboratory but the weight of the
evidence 1s definitely that they are without effect

In our carly exp with Ch} un we found a ducibl
and significant prolongation of the life of mice infected with varsous strains
of influenza virus ® Stmilar results were obtamned in chicks mfected with the
vires of Newcastle disease However in repeated experiments 1n chick em
bryos we could d no inhib effect of ch ph on the
growth of these viruses Subseq work has d d that 1t 15 very
probable that this prolongatien of hif¢. yn amtmals nfected wath these viruses
15 due solely to suppfession of secondary bactenal mvaders rather than to
any durect antiviral effects This expenence 1s menfioned here as 1t 15 pos
sible that others may be similarly misled 1n the interpretation of animal
antiviral tests wath lughly patent antibactertal substances

None of these broad spectrum antib at the Top:
1 therapy mactivate the micro-orgamusms on which they are effective They
act by suppressing multipheation not by killing the mvading orgapisms
This has been demonstrated repeatedly 1n the laboratory and 1t has a broad
mphication m the planning of a therpeuttc regimen Since these antibiotics
only suppress growth one must depend on the natural defenses of the host
to eradscate the mfection If these defenses have not been alerted by the
carly stages of the mnfection or if they do not operate properly a relapse
will usyally oceur after cessanion of therapy This 15 the rationale for the
combined use of typhoid vaccine and Chloromycetn 10 the treatment of
typhoid fever-—or s Woodward*® has suggested for the deliberate with
holdmg of antibrotic therapy in early cases of nickettsial and virus diseases
uatdl the defenses of the patient bave been stimvlated Dr Woodward who
1s pext on this program will probably have more to say on the chmcal
mportance of this aspect of antibrotic therapy
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Chnteal Application and Mode of Action of
Antibiotics in Rickettsial and Virus Diseases

Theodore E Woodward and Robert T Parker

Army Medical Department Research and Gradvate School Washington D C
and the University of Marylond S$chool of Medicine Boltimore Mary
land

Introduction

Specific chemotherapy has been achieved for most of the bactenal dis
eases and dunng the last five years has been extended to nickettsial and
wiral diseases It 1s of hstorical interest that our earliest speaific remedies—
qumine  mercury and the sal re effective chiefly
against the larger infectious agents the protozoa and the spirochetes With
the introduction of sulfonamides the bacteria particularly the gram positive

became ) c with penicdlin 1n the
forefront further extended the field of specific medication without how
ever showing much effect upon the diseases caused by gram negative
bacilli Later certan gram negattve microbes yielded fo streptomycmn s
action Yet 1t 1s well known that its effect 1 the group of stl smaller in
fectious agents—the nckettsiae and viruses—is of no clinical sigmificance
Three broad spectrum t and terra
myein! 2 not only have bated many human
caused by gram posiuve and gram negative mcroorganisms  but have
shown themselves to be hughly specific for all members of the rckettstal
group Furthermore they have significant effect on a few viral agents of dis
case

The therapy of viral diseases has merely been broached and future ad
Vancements undoubtedly will pertam to this group of microbes Major em
Phasis 1n this report therefore will be placed upon the nckettsiae How

ever those viral diseases susceptible to specific medication also will be
discussed

437
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Apphcauon of the broad spectrum antibiotics to the nckettsioses has
P d the therapist with a p ! greatly hfied which
has reduced mortality vu-tua]ly to zero

Chloramphenicol aureomycin and terramycin were shown 1n 1947 1948
and 1950 respectively to possess potent ant: nckettsial properties 4567
Pharmacological investigations 1n anmmals and humans established that
these drugs could be reasonably well tolerated orally in dosages sufficient to
produce measurable blood concentrations and to inhibit nickettstal activity

Imtial clinscal tnals showed the merit of chloramphemicol m patients 1l
with epidemic and murine typhus 89 These trials were soon supplemented
by dramatic results with this antibiotic 1n scrub typhus ' Rocky Mountam
spotted fever 1* and munne typbus ! Simul the eff of
aureomycin was demonstrated 1n typhus fever ** Rocky Mountain spotted
fever * and Q fever !* The efficacy of terramycin mn these discases was
reported later 1€ 1718 19 Rickettsialpox was shown also to yreld to ths antt
biotic therapy ° abroad d d that patients with
fievre boutonneuse and South African tick bite fever responded 1 a um
formly favorable pattern 27 There are no publshed mstances 1 which
the human rickettsioses have failed to respond to broad spectrum antibiotic
therapy provided the patient 1s given a reasonable chance for recovery

Dosage and Touiaity

Based upon extensive chncal trials the following dosage schedule 1s
considered optimal for these For chl 1 an imtial
oral dose of approximately 50 mg /kilogram of body weight 1s given while
the dose for aureomycin and terramycin 1s based on 25 mg /kilogram of
body weight doses are d on the basts of
50 mg /kilogram per day for chloramphenicol and for aurcomycin and
terramycin 25 mg /kilogram per day dividing the daily requirement equally
and giving 1t at 6 to 8 hour intervals Antibiotic therapy 1s continued until
the patient has improved and has been afebnle for approximately 24 hours
‘When the preferred oral route 1s not feasible these antibiotics may be given

1y observing the g dosages as the 1mttal dose chloram
phenicol 20 mg /kilogram aureomycin and terramyctn 5-10 mg /kilogram
of bedy weight and q daily doses calculated n the same manner

but administered 1 equal amounts at 6 hour mtervals These schedules have
been employed extensively i most of the rickettsioses and represent unless
otherwise stated the used 1n patients bed m this
report

Broad spectrum antibiotic therapy has been attended by certam undeste
able side effects Nausea vomting glossts diarrhea and proctiis have
been d more ly with and than
wath h ! Long term adi of any of the three broad
spectrum antibrotics has been associated with vanous supertmposed infec
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tions mcluding monthasis Such sequelae have been uncommon following
the short term therapeutic regimens required for treatment of the rickett
sioses

Certain disorders of the P system including aplastic ane
ma 32%30% thromb P 31 and p pema 3! have been ascribed
to chloramphericol These dyscrastas have usually been reported 1n patients
receving the antibiotic over long pertods $ 230 and rarely 1n patients on
shorter regimens Such senious P have been or rare
n general practice There are no reports of adverse hemopoietic reactions
following antibrotic therapy of patients with nickettsial diseases One report
concludes that aplastic anemia 1s no more frequent followsng chloramphent
col than following other broad spectrum antibiotics 3 Hence the decision
to use broad spectrum antibiotics m nckettsial diseases should not be m
fluenced or werghted by fear of blood dyscrasia

Clintcal Apphication

In the Umited States Rocky Mountan spotted fever provides the best
model for d the of antiby mn 1 dis
eases The disease widespread throughout this country and Latin America
1s one of the more virulent nickettsioses simulahng epidemic typhus m
duration seventy comphcations and mortality

Course of Niness n Moderately Il Patients The dramatic mmpact of
chloramphenicol on the chmcal course of a patient with Rocky Mountain
spotted fever 1s illustrated graphically n Figure 1

This 44 year old man was hospitalized on the 6th day of fllness with a
hustory of protracted frontal headache pyrexia of 102 F malaise weakness
and a body rash Examination revealed injected and suffused conjunctivae
and a non fixed pmk macular rash over the entire body exclusive of the
hands face and neck His cough was productive of blood tinged sputum
Chloramphenicol was started on the 7th febrile day and contmued unti] the
9th day A total of 75 g was given Headache abated within 24 hours
the cxanthem faded m 2 days and the temperature reached and remamned
at normal Jevels on the 9th day Climeal dragnosis of Rocky Mountam
spotted fever was confirmed by isolation of Rickettsia rickettsiae from the
Ppatient s blood on the 7th day of disease and by sigmtficant antibody titers
demonstrated by complement fixation and Wexl Felix tests

This climcal record was selected because it typifies the pattern of response
in moderately 11l patsents who are treated with any of the broad spectrum
antibiotics 1t may be seen that specific therapy was safely discontinued at
the time of defervescence

Course of Tliness 1n Cntically Il Patients Thes 49 year old colored man
was admitted n a near comatose state on the 8th day of illness Little was
known of his illness pror to hospitalization except that it was characterized
by ntense headache fever for about a week and mental confusion shortly
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Fio 1 Rockv Mountamn Spoited Fever Course of illness 11 a moderately
1l pattent treated with chloramphenicol Temperatute reached normal Jevels
25 days (Repomed {rom Am § Med 37308 1950)

before admssion When first scen the patient was confused, imtable, and
dehydrated Examunatton showed a rapid pulse blood pressure 90/70
tachypynez and various ! i as sp de
Linum and d purpose) of the ex
When the fatory status was stabslized by the ad.
of intravenous fiwds a purpunc hemotrhagic rash with diffuse coalescing
lestons over the estremyties and trunk was noted Aurcomycin therapy was
1nstituted on the 9th day of disease and was supplemented on the 10th day
with chloramphenscol Dunng the early stage of treatment 1n order to com
bat the hypochloremia hypoproteinemia anemua and azotermia energetic
Supportine measures ncluded transfusions of plasma saline glucose and
whole bload Flectrolytic requicements were gauged by frequent faboratory
and chmeal evalmations Constant nursing care was gven and a hquid dict
provding spprovimately 2 g of protein per hidogram of body weight per
day was admmstesed by stomach tube and later by orai feedings After 24
hours of treatment there was slight improvement and after 36 hours 1t was
(hat the patient would surune The skin lesions did not segress

appasent
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Fic 2 Rocky Mountam Spoued Fever Course uf ulncs: m a cncally il
patient with vascular weakness
marked azotemra and coma Trea(menl with two suppressive antibrotics Re
covery gradual but complete Diagnoss confirmed by isolation of rickettsiae
from blood and by positive Weil Felix reaction

but became gangrenous and ultimately sloughed to form superfictal scars
One extensive leston of the nght ankle progressed mto a large area of tissue
gangrene and local osteomyehtis A skin graft was apphed to the leg
Nevertheless the patent slowly and progressively improved and was dis
charged wathout sigmficant residual effects Figure 2 15 a graphic presenta
tion of the pertient cluucal and laboratory findings

Thus patient was selected for presentation because he exemplifies the
chnical course of those first diagnosed late 1n the course of illness Thera
peutically the problem 1s one of specific therapy mtegrated with mtelligent
supportive care In thus instance two suppressive anttbiotics were utilized
becanse when thrs patient was treated the seventy of illness was thought to
require heroic measures It 1s now k.nown that smgle antibiotic therapy 1s
adequate for all the nick of 1s the fact that

after 14 months viable dentified 2s R
were 1solated from thus patients exclsed lymph node This observatton
that the of Rocky spotted

fever like Ricketista orientalis %3 may persist 1n the tissues of recovered
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Fi6 1 Rocky Mountam Spotted Fever Course of tliness 1n a moderately
il patent treated with chloramphenicol Temperature reached normat Jevels 12
25 days (Reprinted from 4m J Med 3308 1950)

before admission When first scen the patient was confused rmitable and
dehydrated Examunatton showed 2 rapid pulse blood pressure 90/70

tachypynea and variaus as sp de
hnum memngismus and continued purposeless movements of the ex
When the latory status was by the ad:

of wntravenous flmds a purpurie hemorrhagic rash with diffuse coalescing
lestons over the extremuties and trunk was noted Aureomycin thesapy was
nstituted on the 9th day of disease and was supplemented on the 10th day
with chloramphemcol Durg the early stage of treatment m order to comt
bat the hypochl hypop anemta and
supportive measures meluded transfusions of plasma safne glucose and
whole bload Efectrolytic requirements were gauged by frequent laboratory
and chnscal evatuations Constant nutsing care was ghen and a hqud diet
approxmately 2 g of protem per kilogram of body weight per
Jdrnstered by stomach tube and later by oral feedings After 24
there was slight improvement and after 36 hours st was
patient would survive The shin Jevons did not regress

providing
day was a
hours of treatment
appasent that the
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Fi6 2 Rocky Mountain Spotted Fever Course of illness i a critically all
patient vath of skin ecch | vascular weakness
marked azotemia and coma Treatment with two suppressive amtibiotics Re
covery gradual but complete Diagnosis confirmed by solation of mckettstae
from blood and by posttive Weil Felix reaction

but became gangrenous and ultimately sloughed to form superficial scars
One extensive lesion of the nght ankle progressed 1nto 2 large area of tissue
gangrene and local osteomyeliis A skin graft was appled to the leg
Nevertheless the patsent slowly and progressively mmproved and was dis
charged wathout significant residual effects Figure 2 1s a graphic preseata
t0n of the pertinent chinrcal and laboratory findings

Ths patient was selected for presentation because he exemplifies the
climcal course of those first diagnosed late in the course of illness Thera
Peutically the problem 15 one of specific therapy integrated with mtelligent
Supportive care Jn thus mstance two suppressive antibiotics were utilized
because when thus patient was treated the seventy of illness was thought to
require heroic measures It 13 now known that single antibrotic therapy 1s
adequate for all the of fi 1s the fact that
after 14 months convalescence viable orgamsms 1dentified as R ricketisize
Were 1solated from this patients excised lymph node This observation
d that the of Rocky spotted
fever ke Rickettnia omentalis % may persist mn the tissues of recovered
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patients for variable periods of ime Later these findings will be discussed
m relation to immune factors and the tendency to relapse

Single Dose Treatment of Rocky Mountain Spotted Fever Smadel and
his group have shown that scrub typhus may be treated effecttvely with a
single large dose of chloramphemcol Figure 3 below 1s a graphic presenta
tion of the sigmificant findings 1n a patient with Rocky Mountain spotted
fever treated with 2 single 20 g dose of chloramphenscol on the 4th day
of illness Although the pnncipal mamfestations of the disease were
amehorated within 36 hours aftet the antibiotic was admunstered the tem
perature did not reach normal levels until 7 days after therapy The further
course was uneventful

Two other patients were treated in the same manner with sumilar findings
each showing intermuttent febnle courses for approxumately 7 days Al
though this regiumen 1s not recommended the findings provide additional
information as to the minimal effective dose 1 this nickettstal disease

Payne et al® demonstrated that epidemic typhus could be treated with
2 single datly dose of chloramphenicol Our group has employed a single
daily dose of 30 g for 3 consecutive days Three patients with Rocky
Mountam spotted fever were treated m this manner Three hours after ad
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ky Mountain Spotted Fever Clnical course m a muld case treated
wth a single dose of chloramphenicol Patient was free of headache and toxic

sfestations other than fever 1 48 hours Convalescence uneventful (Re
;lr:':ted from Am J Med 3308 1950)

Fic 3 Rocl
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Fic 4 Rocky Mountain Spotted Fever Chmcal response i an adult female

treated with single large daily doses of chloramphenicol (Reprinted from Am
J Med 3308 1950)

munustration of the drug serum concentrations of the antibiotic ranged from
14 10 48 gamma/ml The climcal course of one of these patients 1s graphu
cally presented 1n Figure 4 It 1s noted that the febnle course 1s shghtly
delayed when compared with the results obtamned in patients treated by
conventional regimens

Modification of the Climical Course with Cortisone The persistence of
fever for 2 to 4 days following antibiotic therapy the development of shock
and penpheral vascular weakness and the continuation of headache and
other manifestations of toxerma for varsable peniods of time prompted a
search for ancillary measures Utidization of adrenal corttcal hormones as
ant1 toxic agents i bacterial mfections has been frequently reported 35 3¢ 37
and 1t 15 known that the course of scrub typhus may be signsficantly short
ened by the concurrent admimstration of antibiotic and cortisone acetate ¥
Vanious B have adrenal hor
mones i fickettsial infections with encouraging results It has been surmised
that 1n severely 1l patients a protonged penod of stress coupled with pos
sible tovc adrenal damage and depletion of metabolites essential to the

adrenal cortex might lead to an msufficient production of adrenal cortical
hormones #
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patients for vanable penods of ume Later these findings will be discussed
m relation to ymmune factors and the tendency to relapse

Swgle Dose Treatment of Rocky Mounizain Spotted Fever Smadel and
tus group have shown that scrub typhus may be treated effectively with a
sugle large dose of chlaramphenicol Figure 3 below 1s a graphic presenta
tion of the signsficant findings 1n a patient with Rocky Mountain spotted
fever treated with a single 20 g dase of chitoramphencol on the 4th day
of illness Although the principal mamfestations of the disease were
ameliorated within 36 hours after the antibiotic was admunistered the tem
perature did not reach normal levels unnl 7 days after therapy The further
course was uneventinl

Two other patients were treated 1n the same manner with simlar findings
each showmng intermuttent febnle courses for approumately 7 davs Al
though this regumen is not recommended the findings provide additional
mformation as to the muumal effective dose 1 this nckettsial dicease

Payne et al* demonstrated that epidemic typhus could be treated with
a smgle darlv dose of chioramphemcol Our group has employed a sigle
daily dose of 30 g for 3 consecuttve days Three patients with Rocky
Mountain spotted fever were treated i this manner Three hours after ad
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chy Mountan Spotted Fever Clineal course 10 a nuld case treated
‘;;mn 31::‘;!(: d’o’se of chioramphenicol Pavent was free of headache and toue
wt her than fever i 48 hours Convalescence uneventful (Re

ons ot
?:E.’:ff'é’ém Am J Med 3308 1950)
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and touc mamfestations of scrub typhus®® and Rocky Mountain spotted
fever'® may seem of theoretical interest only but 1t 15 of pracucal value 1n
patients first observed Jate 1n the course of their 1llness when supplemental
antt toxic measurcs may be desired

Summary of Results of Treatment of Rocky Mountam Spoited Fever

Qur exp with and has been less extensive
than with chloramphenicol Nevertheless our findings have been stmilar
to those of others and mdicate that the therapeutic results with these two
antibioties parallel those with chloramphenicol A summary of our ex
penence with antib m the of Rocky M spotted fever
since 1948 1s presented m Table 1

Table 1
TREATMENT OF ROCKY MOUNTAIN SPOTTED FEVER 1930-1953

Mean Day Mean Duration Fever
Drug No  Disease I Started After T Started Percent Fatality

Chloramphenicol 37 61 31 o
Terramycin 6 64 25 1]
Aureomycin 2 60 3t 0
Chioramphenicol

riisone 14 64 18 0
Untreated

1930-1845 85 165 35

Thurty seven patients with Rocky Mountain spotted fever treated wath
h d m an average penod of 31
days after mstitution of therapy Mean values for 6 patients recerving terra
mycm and 2 patients given aureomycin was 2 5 and 3 1 days respectively
Therapeutic benefits obtained with the three antibiotics are not amenable
to companson because of the dispanty of aumbers i each group The speed
with which the fever abated 1n the chloramphemcol seres compares wath
the results obtamed by Ross et al with aureomycin ™ and Powell and others
who empl 19 All these antib convert an sick
and toxtc patient to one who 1s comfortable and afebnle m approumately
72 hours These dramatic results leave httle to be desired m a disease which
formerly showed 1 85 cases carefully studied 1 our hospital an average
duration of fever of 16 5 days an average hospitabzation of 22 0 days and
2 fatality rate of 23 5051

Noteworthy 1n our 15 the of the illness dl
of the seventy or stage at which treatment 1s started It naturally follows
that the temperature response 1s less dramauc i patients with advanced
¢hanges including extensive hemorrhages of the skin and parenchymal trs
sues Neverth: b and supportive treatment

with
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Qur group treated 14 patients on a combined regimen of chl p
and cortisone  Adult patients recetved an imtial dose of 200 mg followed
by two doses of 100 mg of cortisone at 6 hour mntervals Chuldren received
two-thurds the adult dose In this group therapy was instituted on the 3rd
to 13th day of disease with 2 mean of 6 4 days In ¢ach case response was
1 {uding three Iy 1il patients 1n whom therapy was instituted
Tate 1n the course of their disease The most striking observation was allevia
tion of headache dissipatton of the toxic state and return of appetite The
duration of fever after the 1nstitution of combrmed therapy averaged 18
days
Figure 5 1s a graphic presentation of the course of illness m a 9 vear
old boy severely 1l with Rocky Mountamn spotted fever treated with this
combination on the 7th day of discase Eight hours after imstitution of
treatment the temperature had reached normal levels and the nausea
g and headache had pletely abated All toxic mamfestations
were amehorated 1n 24 hours and except for a transient shght temperature
elevation folfowing the release from cortisone effect the future course was
uneventful
The fact that hormone therapy exerts an ameliorating effect on the febrile
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and toxic manifestations of scrub typhus®® and Rocky Mountam spotted
fever® may seem of theoreucal mterest only but 1t 1s of practical value m
patients first observed late 1n the course of therr illness when supplemental
any toxic measures may be destred

Summary of Resulls of Treatment of Rochy Mountain Spotfed Fever
Our exp with and has been less

than with chloramphentcol Nevertheless our findings have been stmilar

to those of others and ndicate that the therapeutic results with these two

antibiotees parallel those with chloramphemcol A summary of our ex

pemence with m the of Rocky spotted fever

since 1948 13 presented m Table 1

Table |
TREATMENT OF ROCKY MOUNTAIN SPOTTED FEVER 1930-1953

Mean Day Mean Duration Fever
Drug No  Disease T Started After P Started  Percent Fatality
Chloramphenscol 37 61 31 0
Terramyecin 6 64 258 [
éﬁ!r:cmy en 2 60 31 o
oras
oranphenicol 44 64 18 0
Untreated
1930-1945 85 165 s

Thurty-seven patients with Rocky Mountamn spotted fever treated wath
ch!oramphemcol expenenced defervescence m an average period of 31
ays after wnstitution of therapy Mean values for 6 patients secerving terra
myen and 2 patients given aureomycm was 2 5 and 3 1 days respectively
Therapeutic benefits obtamed with the three antibiotics are not amenable
{0 companson because of the dispanity of numbers in each group The speed
with which the fever abated m the chloramphenico] series compares with
the results obtained by Ross et al with aureomyctn 4 and Powell and others
%ho employ 10 All these copvert an sick
and toxic patient to one who 1s comfortable and afebrile 1 approxumately
72 hours These dramatic results leave httle t0 be deswed 1n a discase which
formerly showed 1n 85 cases carefully studted 1n our hospital an average
duration of fever of 16 5 days an average hospitalization of 22 0 days and
8 fatality rate of 23 5%1

Dot Y 10 our ep 15 the bility of the dlness dk
of the seventy or stage at which treatment 1s started Tt naturally follows
that the temperature response 1s less dramatic 1n patents with advanced
changes mcluding extensive hemorrhages of the skin and parenchymal tis
Sues Nevertheless with and
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toxema 1s amehorated circulatory hepatic and renal damage gradually
regresses and recovery 1s the rule

Fourteen patients treated with both chloramphentcol and cortisone at
varymg stages of 1illness (mean 6 4 days) expenenced more rapid dissipa
tion of the clinical mamfestations of the disease The average value for
duration of fever i this group was 1 8 days Several patrents with advanced
disease unduly lengthened the average values for temperature response and
m many the total febrile and toxic period was approximately 12 hours
These findings are pnimanly of academic import although the addition of
corfisone to the therapeutic regimen in the late advanced case has its place

Summary of Results m the Major Rrchettsioses

Each of the three broad spectrum antibiotics has been used extenstvely
mn the therapy of human rickettsial diseases Twenty six patients with clas
sical louse borne typhus have been treated with chloramphenicol by Payne®
and Smadel ® 4 with aureomycin by Fu 4% and 32 with terramycin by kmght
Rurz Sanchez and others 131517 The length of the febrle period following
mstitution of therapy averaged 2 0 days for chloramphemcol 3 O for aureo-
mycin and 4 O for terramycin
Chloramphenicol has been used in recrudescent typhus or Bnll s disease
and prod defer mn 4 days 1 two patients treated
by Murray etal* and kmght et al ¥ Aureomycin produced defervescence
i two days in four additional patients 444 46
The chinrcal features of flea borne or murne typhus fever are stmilar to
but less severe than those of the classical type Without speaific therapy the
anticrpated febrile course m murme typhus ranges from 9 to 15 days and the
fatality rate 1s less than 2% In 64 aureomycin treated patients reported by
various authors the temperature reached normal levels n 48 hours 13 43 4743
Ley and his colleagues® and Ruiz Sanchez*” treated 17 cases with chloram
phentcol these became afebrile within 3 days after beginming therapy In 5
patients treated with terramycin ** 42 a siular response was noted
Shown 1n Figure 6 below 1s the graphic record of a 21 year old man with
murine typhus who d f: 1ly to terramycin although therapy
was first grven on the 9th day of disease Ruckettstiemia was demonstrated
Just prior to mstitution of treatment Slow and steady progress was made
and temperature reached normal levels on the 12th day
Ruckettsialpox a muld form of rickettsial infection antigenically related
to Rocky Mountain spotted fever has responded very sausfactonly to
antibiotrc therapy Twenty five patients treated by Rose ¢ rapidly improved
with defervescence occurrng within 2 days after imtiation of specific treat
ment In this senies 9 patients received aureomycin 8 chloramphenucol and
§ terramycin One patient treated with streptomyem failed to respond

Q fever 15 now widely recogmzed 1n Europe Australia and the United
States as a disease capable of 1n epid Evidence
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Fic 6 Munne Typhus Course of tllness 1 a moderately 1ll patient treated
with terramycin Diagnosis confirmed by isolation of Ricketisia moosert from

l;lgood and by serologic tests (Reprinted from Ann N ¥ Acad Sci 53395
50)

has accumulated rapidly duning the past several years which ndicates that
all three broad spectrum antibrotics are useful 1n the treatment of human
mfections Evaluation has been difficult because of the variability m severity
and duration of this iltness when untreated Aureomycin has had more ex
tensive chinical use than chloramphenicol or terramycin Fifty two patients
treated with aureomycin by Clark and Lennette?> and Fellers*® responded
favorably with return of temperature to normal levels m 5 days One group
of authors's were impressed with the vaniable response and reported relapses
followng cessatron of specific therapy The nckettsiostatic properties of the
antibotic were considered to be a factor mn relapse tendency Chloram
phemicol s action has been shown to be therapeutically similar 11 24 patients
treated by various authors with defervescence 1n about 3 days 1549503t
Seven pattents treated with terramyein became afebrile 1n 3 days 5 5

Scrub typhus emerged mn World War 11 as a disease of major importance
and ranked high as a cause of death from fections mulitary personnel
In1948 the U § Army Typhus Team workig in Malaya i collaboration
with British that I was highly eff
€acious in the treatment of scrub typhus Nmety four patients treated with
chloramphenicol experienced defervescence mn an average of 30 hours fol
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lowmg wstitution of therapy These noted similar d
findings m 30 patients treated with aureomycin and 1n 46 patients treated
with terramycm  Wathout excep the resp to all these was

uniformly favorable and noteworthy in these studies 1s the reversability of
the chinical condition even when therapy was first given late 1n the course
of disease Recovery 1s rapid i scrub typhus complcations are neghgble
and mortality 1s zero Shown 1n Figure 7 below 1s the chinteal record of the
first scrub typhus patient to receve antibiotic therapy This 26 year old
solduer first treated on the Sth day of illness became afebrle 1 30 hours
All outward mamfestations of 1lfness abated within the first 24 hours and
the patient rapidly regamed strength and vigor

Relation of Mode of Action of Antibiofics and Immunity m
Ruckettsial Diseases

There can be no doubt that the dramatic beneficial effects 1 all rickett
s1oses are the result of the s supp rather than dal
action Investigations in scrub typhus provide the best model for a discussion
of the relationship of these factors to mode of action and immumity

Immunity 1n most infections 1s dependent upon a mass of antigen suffi
cient to stmulate an immune state The time necessary for provocation of
this defense vanies with the pathogemc agent and the host s response to the
specific shimulus For example recovery from a natural typhoid nfectson
of s1x weeks duration 1s ded by f: y n 90% of
stances and climical and bactenological relapse 1n 10% The utiltzation of
chloramphenicol 1n this disease results 1n more prompt amelioration of the
chintcal mamifestations but here the occurrence of relapse 15 20% or higher
Immumnty to scrub typhus and other rickettsial infections acquired under
natural conditions 1s produced 1n shorter pertods of time (1e two weeks)
In the non fatal untreated case recovery occurs after approumately two
weeks of 1llness and relapse 1s rare A notable exception 1s Bnll s disease
a recurrence of eprdemic typhus This disease exemphfies the concept that
viable nckettsiae may remam for vanable periods m the host 1in an essen
tially unaltered state Smadel and his collaborators have been successful 1n
1solating R orientalts from chloramphenicol treated scrub typhus patients
two years after recovery 3 Sumlarly 3 wiable R rickettsiae have been
isolated from the lymph gland of a patient one year after recovery from
Rocky Mountain spotted fever

Naturally acquired scrub typhus 1s usually first diagnosed with the ap-
pearance of the skin exanthem on the 5th to 7th day of illness The clinical
response following antibiotic therapy 1s prompt Suppression of rickettsiae
with chloramphenicol or other antibrotics for 24 or more hours 1s sufficient
to cure and relapses are uncommon Simular findings are true n munne
and epidemic typhus and Rocky Mountam spotted fover Contranwise
when therapy with a rickettstostatic drug ts instituted wathin the first several
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Fig 7 Scrub Typhus Chntcal response m a patient to chloramphenscof
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days of disease chinical suppression of the tllness 1s rapidly mamifest but

relapse frequently occurs after the antit 15 d d 5 M
continved nck:ttuostasxs by the daily ad; of chloramph 1
first adl 1y with nf merely serves to prevent

multiplication of nickettsiae and active disease then ensues on cessation of
drug treatment * These factors may be demonstrated graphically m Fig
ure 8

Under Sstuation A the usual patiern reveals that relapses did not occur
when specific therapy began around the 6th day of disease regardiess of the
duration of treatment On the other hand when therapy began quite early
such as the second febnle day relapse was the rule about 5 days after treat
ment was discontinued Situation C 5 a graphie presentation of the findings
n 3 human trial 1n which was d 28 days
after an artifically induced mfectmn Suppressive antithosts for 28 days was
msufficrent to allow time for smmumty to develop and full blown active
disease occurred in this group *

ntual 15 dependent upon paying the prper to a certain

ex(em In Situation B 1t 35 readily noted that the mtermuttent admunustra
tion of chloramphentcol at 7 day mtervals in naturally infected human vol
unteers did permut the host to develop his own immune defenses Con
tmnuation of these mtermuttent courses up to the 35th day did prevent the
disease from appearing m the active sense However the mild headache and

RELATIONSHIP OF CHLORAMPHENICOL ACTION
AND IMMUNITY IN SCRUB TYPHUS
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low grade fever noted just prior to several of the ntermittent doses were
undoubtedly mamfestations of infection At these times R orientalis 13
readily 1solated from the patent s blood By further adjusting the dose of
antibiotic and treatment nterval (1e 4 day intervals up to the 25th day)
1t 1s posstble to completely suppress the chmeal disease Rickettsiema may
be du d and b ly develops therefore
comes ata pnice dependent 1n large part upon the mass of antigentc stimula
tion and resultant immune response

The 1solation of viable nickettstae several years after actrve mfection from
scrub typhus and Rocky Mountain spotted fever patients who receved

X lunds forther that the mode of action
of these antibiotics 1s suppressive rather than killing The occurrence 1
ammals of inapparent infecttons and the evidence that viable rickettsiae may
remain i convalescent scrub typhus and Rocky Mountain spotted fever
patients pount to the possibility that latent forms of all the richettsioses be
sudes those of the Brill s type may occur

Chimcal Appl m Viral

Modern antibiotic therapy has enabled the physician to attack certan of
the larger viral agents directly rather than to rely solely upon the older
method of sy care Thep 1 group of
agents are mtermedate 1n relation to the small viruses and nckettstac and
possess certam clinical and biological characteristies of each

Pentetllin 15 not devord of therapeutic efficacy m patients ill with psit
tacosis® and lymphogranuloma venereum 59 Nevertheless s value 15
lumuted and unless penicillin 1s admimistered extremely early 1n the disease
its b 15 one of the secondary mfection
Each of the three broad spectrum antibiotics showed value agatnst the psit
tacosis lymphogranuloma viruses when tested m the laboratory and ful

fillment of these promises are slowly being accumulated clinscally 57 83961
8763046 6763

Shown below 1m Figure 9 15 the graphic record of a patient il with
h treated with This 51 year old man first

recerved aureomycin on the 7th day of an illness characterized by severe
headache fever cough and a bilateral pneumon:tis Recovery was prompt
and convalescence uneventful Diagnosis of a psittacosts mfection was con
firmed by demonstration of a mise m titer of complement fixing anttbodies
One week prior to illness the patient had trapped 80 pigeons 1 the rafters
of hus barn

This casc 15 presented to demonstrate the usual clinical response n pa
tients with psittacosis or ormthosis who are treated with the broad spectrum
antibiotrcs In many instances the clinical mandestations mumic those of
Pprimary atypical although the p results are more um
formly favorable 1 psittacosis
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Fic 9 Oroithosis Course of illness m a patient successfully treated with
avreomycn Infechion acquired from pigeons and characterized by pneumontis
headache and toxema rapd and i Diagnosis con
firmed by serologic methods (Reprinted from Ann Int Med 3153 1950)

Pemcilhn 15 of Lmated valve m treatment of patients with Iympho
granuloma venereum whereas the new antibiotics are of value 1n lympho-
granulama durng the prmary stage and agamst the secondary mvader i
the chromc form The need for surgical correction of anatomucal alterations
of tissue has not been obviated

Progress has been made herap 1y 1 of trach
which 1s caused by a varus similar to that of the psittacosts lymphogranu-
loma venereum group Pemollin given svstermcally or locally has been
helpful 87 Chl h 7273 agreomycin and terramycin S have
d d ther eff 1m the of the acute form of
trachoma and m the chrome form to a Jesser extent pravided therapy 1s
pmlonged for several months Acute pannus and corneal viceration have
been cured 1n several days with applicaton of terramycrn or aureo-
myem 7374 Iaclusion blennorrhen 1s an acute form of wiral conjunctivitis
which 1s common 1n the newborn as well as i adults Sulfonanudes ™ pent
aihn 7 and aurcomyein®™ apphed locally and systerically are effective

There are a group of vical mfections m which the chemotherapeutic and
antibotic agents exert no direct action upon the causative agent per se but
rather benefit the patient through the suppression of secondary or super
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mmposed bacterial 1nfections Antibiotic therapy of measles vanola van
cella eprdermie wfluenza and pemphugus are examples Indirect helpful ac
tion may be observed m cases of Herpes zoster mfectious hepattis and
epidemmc parotitis where there 1s no known anti viral action of the antibiotic

Prnmary atypical pneumonia a disease of protean clhinical and pulmonary
manifestations 15 loosely called virus pneumonta  although no virus has
been definitely rdentified as the L 1 agent in the majonty of cases
Treatment prior to the use of the broad spectrum antibiotics was mamly
symptomatic With currently available drugs 1t 1s generally accepted that
aureomycmn ™ terramycin ** and chloramphenicol®® 3t alleviate the acute
mamfestations and shorten the febrile course Infiltration in the lung as
shown by roentgen examination 1s little altered by these antibiotics and the

disease tends to run a more d course than lobar
Ppreumoma

Allhcugh recent years have wnmcssed a partial conquest of the viruses
Dby ch p agents m this field make 1t

reasonable to predict the eventual mclusion of the viruses nto the realm of
diseases for which there 1s specific treatment
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DISCUSSION

Approaches to Prophylaas and Therapy
of Virus and Rickettsial Infections

DR DALLDORF (Moderator) Doctor Rasmussen uses the occurrence of
paralysis as hus cnterion rather than death or residual paralysis which are
the mmportant cniteria of human disease Tt might be interesting 1f some of
tus monkeys survive to see whether they recover Years ago when we were
mvestigating the spaning effect of lymphoeytic chonomenimngitis on expent
mental poliomyelitis we frequently had groups of amimals that were so httle
protected they became completely prostrated were completely paralyzed
We nursed some of them for a few days and when they recovered enough
to feed themselves we put them into a common pen I was greatly surprsed
some weeks later to see that almost all had recovered completely Our con
trols usually died no matter how well we nursed them

I mention this not only to explamn why I would be mterested 1n the final
results of Doctor Rasmussen s expertments but also to venture the opinton
that poltomyelitts may be more amenable to treatment than we suspect It
1s always difficult to judge the susceptibility of a morbid process to treat
ment until we have a treatment that has some effect Lobar pneumoma and
subacute bacterial endocarditts seemed quite as hopeless therapeutrcally as
poliomyelitis does today Yet there 1s reason to suspect pohomyelitts 1s
reversible and that even moderation of the disease phenomena could tip the
scales 1n a way that would have great practical benefits

DR J W CZEKALOWSKI (Umv of Leeds England) It1s a pnivilege to con
tribute to the d on the 1l grven to us today
by Drs Horsfall and Woolley The work on blockmg and physico chemical
interference was undertaken undoubtedly with z thought of findtng chermt
cal compounds which could be applied eventually mn the chemotherapy of
viral diseases

1In an endeavor to approach the same object we tned the effect of various
known enzyme mk on the reprod: of phages phage
system (E colt sttam B and T2 phage) was chosen because i some
respects 1t 1 quite a unique expermmental system yielding data which could
be quantitatively assessed with great accuracy Now let me summanze
brefly some work done m the past

‘We share Dr Woolley s view that the 1deal active substances should not
affect the host cells i any way and yet should interfere with the reproduc

tion of the viral agent
The chemical substances examined* could be divided into 5 groups ac

+ Nature London (1949) 163719 Bnr 1 Exp Path (1952) 3357



FPROPHYLAXIS AND THERAPY 459

cording to therr action on the constituents of the expenmental system
namely the host cells and the phages I should hike to confine myself only
to two groups of substances which have 1n common the property of not
affecting the course of reproduction of the host cells but differ 1n respect
of their action on the bactenal viruses one group has a static effect and the
other a destructive one on the phage T2 These actve substances belong to
many chemscal groups but they seem to share n common the property of
mtesfering with the enzymes which work 1 conjunction with the cytochrome
system and especially that of interfering with the succine oudase system It
15 well known that inhibitors of this system may act either specifically or
non specifically and it seers that most of the substances 1nvestigated by us
belong to the group actmg mn the former fashion

Among the active substances known to intubit the sulphydryl groups con

taming enzymes——to which succinic dehydrogenase belongs—I should men
tion urethane selemte mapharside colchicine (though it may affect also
other enzymes) and also and tet thyl by d;
All these substances inhibited virus growth but malonte acid the most
specific intubitor of sucerme dehydrogenase n the 1solated expenimental
enzyme systems did not (probably by virtue of its faiture to penetrate mnto
the mntact E coli cells)

The p-phenylend ph and BAL may
act on the so called respiratory catalyst a hink between cytochromes b
and ¢ Naphthoquimnones act on some factor which ts neither cytochrome b
nor ¢ nevertheless 1t prevents the mnteraction of these two elements

Among the inhibitors acting on the other parts of the cytochrome system
we should mention cyamide which inhibits cytochrome oxidase and fluonde
which acts probably nonspecifically by wirtue of its affimty to heamatm
compounds

It 1s difficult 1f permissible at all to draw any comparison between the
cytochrome systems of cells and of 1n view of
qualitative differences between them The cytochromes of E colt grown
aerobically differ from their analogues 1n the mammahan cells the bands
for cytachromes a and b being replaced by a and b, respectively while the
bands for cytochrome ¢ and a; have not been demonstrated

At present 1t 1s not clear how closely the two cytochrome systems are
related and how the results obtamed im the expeniments with £ colt mught
be interpreted m the Iight of data accumulated for the cytochrome system
in mammalian cells

DR 5 SASLAW (Ohuo State University) There are two pomts which I would
lke to comment on Certamly 1 would agree wholebeartedly with Dr
Woodward s paper and Dr Parker on the bone marrow situation with
reference to chl There und: have been some cases of
aplastic anemia but surveying the cases comng into the Ohio State
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Medical Center with all the cases we see there, there has not been an 10
crease 1 aplastic anemua smee the advent of thts drug So, maybe these
people would have done the same thing with butazolidine thiouracil amr
nopyrne etc In fact we have monkeys that we have had on dosages up to
300 mg per kilo as long as 15 months without any change m the penipherat
and bone marrow situation Another pomt I want to mention with reference
to therapy which may sometimes get us mto trouble 1s the cortisone ad

junct Ithink we are all aware of the fact that with pathologic hyperadrenal

1sm Cushings disease we can figure anywhere from 66 to 40 some odd
percent will show infection or delayed wound healing Also we are all
aware of the expertmental data with bactenal viral and fungal agents and
the ncreased susceptibility to them 1n the presence of cortisone We are
also aware that we are getting tuberculous processes m other infections

breaking through because they have been masked while getting sterord
therapy for other diseases So I would also Iike to quote Garrett when
he says that cortisone in rnickettsial diseases actually acts like a super

aspum 1 personally if T had the disease would rather go for an extra day

of fever and not have the euphoria and not have to take a chance on the
untoward reactions

DR SABIN There 15 nothing to say about 1t except that the substance which
mght work chemotherapeutically would be expected to work much better
chemoprophylactically We have always thought that by the tme we recog
nize the clmcal f of a virus nf 1t mught be too late for
chemotherapy even if you had an agent that would mterfere with its multt
plication On the other hand some of the diseases caused by the members
of the lymphogranuloma venereum group do not seem to follow this par
ticnlar concept While I have this mucrophone I would Iike to ask Dr
Woolley a questton In showing the effects of pectin on mfluenza virus
the egg Dr Woolley mdrcated that the experimental set up consisted of
adding the pectin to the egg and then putting the virus 1n In view of the
mode] that he put on the lantem shde I wondered 1f he would expect that
the pectin would combine with the enzyme on the virus particle m such 2
manper that if 1t were added to the virus first and the virus particles were
then washed and then added to the egg that he would suill expect to get the
same result and did he do such an experiment?

pr wooLLey Yes Dr Sabin we are very much aware of the possibuity
that the pectin merely precipitated the virus We have long had evidence
that this 1s not the explanation In fact if it were I would not have troubled
you with the reaction mechamsms which were shown The mteraction of
Sirus and pectn 1s one which apparently forms a very loose and dissocrable
Jex It 15 only necessary to dilute the solution and thus to reduce the

com]
conc};ntranons of reactants m order to dissociate the complex The pectin
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appears to form this very loose complex but 15 1n no way a virus precip
tating agent—qute the contrary

DR COMMONER It maght be useful if I sard a few words about our expen
ence with thiouracil and tobacco mosaic virus Dr Bawden has already
discussed some of his work which confirms the observations we first made
some years ago In turn we have cenfirmed Dr Bawden s very interesting
observauon that formatton of lestons occurs 1 N tabacum plants when
thioarzerl s present It might also be useful to summanze here what we now
know about inhibiion of TMV biosynthesis by analogs of nucleic acd
components Most of this work has been done by Dr Frank Mercer at the
St. Louss College of Pharmacy After screemng a large number of nitrogen
base analogs 1t was found that th 1 and are
by far the most active snhibitors These mhibitions were reversed only by
uvrac Ia other words uract! metabolism appears to be the phase of TMV
Brosynthests most sensitive to analog mhubition Thiocytosime and thio-
thymune are 1n a sense also 2nalogs of uracil From recent studses of nucletc
acid changes 1n infected leaf we also find that the uracil required for TMV
synthests 1 1n relatively short supply Thus uracil which is the distinctive
mirogen base of pentose nucleic actds (such as that of TMV) appears to
represent a uniquely cntical aspect of TMV reduplication

DR R T pARKER {Unnversity of Maryland) I would just Iike to say a few
vords 1n response to Dr Saslaw s comment regarding cortisone First of all

Lumt of time prohsbited describmg the dosage and duration of therapy
but ¥ think you may recall from the shide which was shown the duration of
cortisone therapy 1 pauents acutely 11l with Rocky Mountain spotted fever
2s well as these other nckettsial diseases was extremely short—20 to 48
Bours ‘The dosage for that penod of ttme 15 mot excesstve I dont think
that we have to worry about tuberculosis or failure of healing when
therapy 15 of such short duration Otherwise 1f 1t were for long periods of
tme T think that the comments would be well t2ken Personally m study

Mg the patients included in thus senies as well as those that we have studied
siice that time we are pretty well convinced 1t may make the difference
between Ife and death 1n late severely 1l patients—and I emphasize Iate
severely 1l patients










