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FOREWORD

The world Health Orgnmm\non fras 1 the past ceceived many requests
fot nformation on faboratory techniques conn:c(:d with various aspects

of rabies. esult of the 4 for tHis *und © information in countrics
of the E tern Mediterraneats uth-Eas! Asia, Stern Pacific
Regrons 2 meeting cganized for thes® countries in July
1952 at the pasteut nstitute of Southet® ndia in GO i

3 onooT-
yxov:d:d for lectures: Aiscussionss demonstm\\ons. and Jaboratory tramng.
and was atien 4 by 55 ™ ical and yeteninary officials, yncluding 7 discus®

100 1eaders, 23 different countries 10 consy tants OF rabies
acted as discussion teaders 3D pe sed the ¥ boratory gessions- The
working Papers n reutar the {aboratory Structions pr:pared by
well-known authorstiess PT v ot usefuls & it was & o expan

and sevise 1€ enat for ‘aubhcauon HO Expert Committee
on Rabicss at 1ts €€ session ome V! Septembet 1953 Arscusse

the pw):cl:d manuat Lot and M de frequent references 10 ton theit

The manual 15 not intended 2% an exhaustive treal
n

use s 1S scope has

beent pur\)ose\y yted to O°¢ or tWo procedures each of the major
dwissons of {aboratory techmques it rabies The comnbulorsv\cre r:ques(cd
own expenence which

ecessary minwmat

flerent parts of
the world The techniques were selected also with 2 view 10 encouraging
and facihitating umiform methods which would permit of a more vahd
comparison of results obtawmed 1B Qifferent {aboratories

Certmn features of the vanous sections requite SOME explanation-

« i Hith Or8 tech? Rep Ser 195028 1953 82

9 —



10 FOREWORD

Detection of Negn bodies by rapid techniques 1s the aim of every
diagnostic laboratory dealing with rabies, and a choice must be made
from a multiplicity of methods described by different authorities. It is
believed that the impression method presented here can be mastered
relatively easily by most lab Y ic: Where histopathological
sections are concerned, more-specialized (raining in pathology 1s required
and this part of the manual has been arranged for such trained individuals.

In the lab y diagnosis of rabies, examination is freq Iimited
to the tissues of the central nervous system, and the salivary glands are
entirely overlooked. [t has been aptly stated that “animals do not bite
with their brains"—the real risk of contracting rabies is dependent on
whether or not virus 15 present in the salna of a biting animal. However,
salivary excretion of virus does not occur in an appreciable but unpredictable
number of cases where virus can be recovered or detected in the brain of
the animal. Examination of the submaxillary salivary gland for the presence
of virus by mouse inoculation should therefore be carried out wherever

possible ly with nen 1

The necessity for mouse inoculation tests in routine diagnosis 1s worthy
of special emphasis. Careful studies have shown that up to 203 of amimals
negative on examsnation for Negn bodies were positive for rabies by the
mouse 1noculation test.

A description of the preparation of the Semple phenohized type of
vaccine, as representative of the most widely used of the “hilled” vaccrnes,
1s given. This does not imply that other mactivated or Ining virus vaccines
such as the Hempt., Hdgyes-, Fermi-, or Harns-type vaccines, to name
a few, are not equally effective, provided they are adequately tested for
potency Two methods for producing the Semple-type vacaine are given
one according to the procedure used at the Institut Pasteur, Pans, and the
other to mect the req of the 11 of Health of the
United States of Amenca  These methods were chosen because they cover
the largest number of fequests for information received by WHO. It is
recognized that modifications of these methods are used successfully in
many countries.

Descriptions of the production of ultravtolet-hght 1nactivated vaccine
and modified virus vaceine prepared from chicken embryos are included
because of wide nterest 1n these effective and relatively new products.
Commercial or large-scale preparation of potent rabies vaccines from
which the paralysis-producing factor has been removed has not, as yet,
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beent i plished, and this procedure is therefore omitted
from the manual,

The necessty for performing potency fests on each batch of vacone
cannot be too strongly emphasized, for ample experience has shown that
even when routme procedures are closely folfoved in the preparation of
successive batches of vactine there is no automatic assurance of a potent
product. Potency tests m laboratory animals provide our oaly basis, at
present, for any degree of certainty that a vaccine possesses sufficient
immunogenicty to gne dependable results 1 human beings or animals.
Several potency tests of varying complexity ate given so that a laboratory
may select, or devise, one most sutable o s local condions and
facibes. In the Jatter mstance, strongest consideration should be given
10 vacomation foltawed by challenge with street virus, aiways with an ade-
quate number of controt anmmals. For this purpose dogs ate suitable and
can be connidered as the antmal of chowe. The waportant factor to be
demotstrated n contsol tests of tabies vaccines is immunogenicity ard not
merely mnocuity, a mistake which 15 ot uncommon,

Hypenmmune serum s a promising additon 1o rabies prophylaxis in
man and amimals; Part IV 18 devoted to a deseription of its preparation,
and of potency tests, Lab Yy} ions on hyper serum
now urder way, co-ordmated by WHO, should give us more information
withie the next year of tho on its prophyiactic vatue, The WHO Expert
Commitice on Rabies dealt with thus subject at s second session {sce foot-
note « on page 9)

Part V13 devoted 1o some of the more impartant problems associated
with the use in rabies work of small laboratory ammals, a frequent source
of difficulty 1 many countnes. The section is necessanly bnief and touches
on onfy the chief aspeets of the subyect—1n particutar, diseases encountered
m these animals which mught affect experimentat results, Further tnfor-
manon on this topic, and on matersal dealt with elsewhere 1 the manual,
may be obtained from the addiional reference soutces gwen on page (47

Wark with viruses 1s 2 highly developed disciphine which permits of
e latitude 1f reprodunibie sesults ase 1o be obtmned. Howews, 1t s
10 be expected that the opimon of individual workers an techmgues will
Aiffer with respect to detats  The techruguss recammended here have been
prepared for garheutar application in rabies work, although it 1 ewident
thet some of them, such &% the serum-virus neutrahization test and
the mouse wocutation teat, ate teatily appheable, perhaps with shght
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modifications, to other virus diseases. It will be noted further that
describing the various techniques a rational and systematic approach has
been stressed by the contributors so that errors which might otherwise
nullify excellent workh may be asoided. An example which may be cited
is the advi: i

y of challeng d ammmals before, or alternately
with, control animals in detcrmmln" the potency or effectiveness of a
sacene,

Rabies research is far from static, and 1t is to be expected that modifi-
cations of some of the procedures described will be evolved in the rather
near future. Jt is felt, howeser, that the techniques given in this manual
should be suitable for several years to come, as they are the result of exten-
sive and proven experience.

L

WHO 15 grateful to the contributors for the care and trouble they
have taken 1n this work, much of which was hitherto cither unpublished,
or not readily available i compact form in scientific hterature Many
of the contributors to this manual are members of the WHO Expert
Advisory Panel on Rabies, and their contributions record only a part
of their valuable services to the Organization in striving for greater
successes 1 the control of this dreaded disease
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o« frozen rat should rematn 8t o0 emperature untit thawed pefore

n

The followind \nformation 15 destrable when anmat heads 3¢ recewved

“:\amma\lon he SpECIEs and b ced of the ammal, and whether 1t

1n contact wil mals . whethef the ammal died of Was Talled,
ns

Removal of Asimal Brain

v prcc;\uuons‘ ncluding careful operative techmaue and protection
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ssiataty of nfecon of persons opening ammat heads
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o

effected bY grasping 4t with 2 ot 3t wype of one-holding forceps

© 3 WA SN INCISION ALONG MIDLIRE OF pOG'S HEAD
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FIG. . DOUBLE CONTAINER WITH ICE FOR PACKING SPECIMENS

By courtesy of Umted States Depastment of Health, Fducanon and W elfare,
Public Health Service, Commumcable Disease Center (US DHEW -FHS-CDC}

FIG. 2. CONTAINER COVERED AND LABELLED

Caulion
Ihes package
contans the hoad
ol & dog susprel
of baving dicd of

B cowrrery of (S DHFR-PHS-COC
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18 E. S. TIERKEL

FIG. 4. USE OF BONE-SAW FOR MAKING TRANSVERSE ANTERIOR INCISION
IN FRONTAL BONES JUST ABOVE THE EYES

[ 1

T s

By courtesy of US DHEWR -PHS-CDC

FIG. 5. CALVARIA REFLECTED

P ancn of £S DHFW.PIS-CDC
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firmly applied to the maxilla, Improvised mechanical devices such as a
carpenter’s vice have often also been found effective.

With section kmfe or large scalpel a mudime incision is made through
the skin, fascrae, and muscles of the cranium, beginning antentorly just above
the level of the eyes and extending posteniorly to the base of the skull (see
fig 3) The skin, fasciae, and temporal muscles are then dissected away
from the cranum and reflected laterally exposing the bone The calvana
15 then removed by means of a saw, bone-chisel, or butcher’s cleaver. The
sawing method 15 preferred by most Jaboratortes. In this procedure a
stersle surgical bone-saw 1s used to incise the bone of the skull on each side,
begining at the foramen magnum and then sawing anteriorly to the
frontal bones  The longitudinal cuts are then joined by a transverse inaision
through the frontal plate just above the eyes (see fig 4) The calvaria 1s
then lfted off with the aid of bone-cutting forceps andfor bone-chisel
(see fig $)

With a fresh set of sterile mstruments, the bram 1s now removed from
the cranjium. The meninges and the tentorum cerebelly which separates
the cerebrum and cerebellum are dissected away with rat-tooth thumb
foreeps and either scalpel or sharp-ponted scissors. Next, with scalpel or
scissors reaching back into the postertot portion of the bram, the bram is
severed from its site by cutting into the medulla, cramal rerves, and anterior
extension of the thalamus ~ The enttre brain 15 then hfted out of the cranum
onto a paper picnic-plate or a large Petri dish (see fig 6)

FIG. & REMOVAL OF ENTIRE BRAIN

By courtesy of US DHEB-PHS-CDC
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If the body of the animal is available and no typical Negri bodics are
found in the rapidly stained films, make a general post-mortem cxamination
in an attempt to determine the reason for the illness or unusual behaviour
of the animal. Wrap the remains in paper and ensure their incineration.
Wash the table with 107 cresol solution, Sponge the gloves in the same
kind of solution before removing them from the hands, and then stenlize
them, with the instruments, by boiling.

It is always advisable to record the gross appearance of the bram,
indrcating especially the state of preservation, the presence or absence of

FIG. 7. SKIN REFLECTED AND SUBCUTANEOUS TISSUE REMOVED,
EXPOSING SUBMAXILLARY SALIVARY GLAND

-

— e g

{

ary salivary gland
Pary lymph glands

adhestons and exudate, and whether the blood-vessels are injected. Theré
are no pross pathologcal changes which can be regarded as diagnostic of
rabies. V

Even in the field, precautions should be taken to present b:cltﬂfl
contamnation of the amimal bratn by the use of sterile instruments 12
bran semoval and dissection
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Removal of Salivary Glands

The examunation of the sahvary glands for the presence of virus is
of obvious value 1 providing definittve evidence of whether ot not a bite
has entarted a nisk. Presence of the mfection in the central nersous system
does not necessarily indwate infective salna,

11 virus is present in the salivary glands, the submanitiary (mandibufar)
ghands will contain the most virus - For removal of the submaxitiary salwary
glands, the head is turned over so that the ventral aspect is facmg wpward.

FIG 8 LEFT SUBMAXILLARY SALIVARY GLAND COMPLETELY EXCISEQ

A Submasittary salivary gland
& Sutmatany Hroon Qanes

With autopsy knsfe or scatpel, a midhine incision 15 made 1 the slan cover-
g the area betwecn the ramt of the mandidle  The 1ncision should begin
at the mandibular bp and evtend posteniorly o the neck  The skin 1s then

reflected laterally, exposing the musch
o y, exposing uscles and superficial soft tissues of the
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The submaxillary salnary gland on each side is situated quite super-
ficially and after reflecting the skin back it can be scen in the area of the
posterior border of the mandible behind and below the superficial submal-
lary lymph glands, with which the salvary glands should not be confused
(see fig. 7 and 8). The submawllary salivary gland is elliptical 1n shape,
about 5 cm long and 3 cm wide ; it 15 rounded in outline, greyish-yellow or
orange in colour, and covered by a fibrous capsule.

With a fresh sterile scalpel and rat-tooth thumb forceps, the gland o
each side 15 dissected away from its surrounding tissues and placed in 2
Petri dish

A small portion of each sahvary gland is cut with sterile scissors qnd
pooled in a single mortar for preparation of the salivary-gland suspension
for the mouse wnoculation test (se¢ section 4, page 57) The test preces
should be weighed before ification for calculation of the concentrat
of the tissue suspenston (see page 47 for gasserian ganglion)

Glycerinated Specimens

When facihities for animal noculation of Negri-negative ot doubtful
ammal brains suspected of rabies infection are not at hand, jt is possible
to ship portions of bram or salivary gland to a laboratory which performs
animal inoculation tests

A solution of sterile 503 glycerol-saline 1s prepared by adfll"S equal
parts of chemically pure glycerol to physiological salt solution. This
solution may then be placed in small bottles or jars with screw tops. auto-
claved, and stored at room temperature.

Select farly large pottions of bram or salvary gland, at lea
size of a mouse brain (0.3 g or more) in order to give the labora!
sufficient material with which to work. Portions of the braif shoutd
mclude parts of the hippocampus, cerebellum, and cerebral corict fm;:
each stde. Also take a portion of the medutla or brain stem, Place b
tissue preces 1n a bottle of prepared 5034 glyccrol-snhne‘
if present, will be preserved dunng shipment, and no refrigeratio
required

Glycerinated portions of brain do not wsually produ
smears on a shide stnce 1t 1s difficult to make the glycennate
toashde. Furthermore, the staining properties of such tissues ar¢
making recognition of inclusion bodies much more difficult. men
reason, if further examination of brain smears on the ques(ionablc sr’f‘:n“d
is destred, smears may first be made from the unprescr\:d bmirf :ndd!-;nm:
and the shdes incfuded 1n shipment along with the glycerinate

st about the
tory worker

n 18

ce satisfactory
4 brain adhert
changed,
For this
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A\\cmm\e\y, ain sMeats may be made 30 the anstained stides p\ungc

ymmediate! 1y into chcm\ca\\y pure methyt alcohol (acemne-(r:c) for fixations

and then remm oved and dned at 100 temperatur® without plotting These

unstained, fixes d meats can then be stained 2t the 1abord! ratory t¢ which they
are referred.

Upon heir receipt i the \abomory. glyee erinated \lssuc specin mens
should be \mmed\a(e\y remored from shppia bottle and place’ ced in
a stenle et dush. The pieces of hssue are then n thoro oughly W washed in

tepeated several Wmes 1 pownt 3t js a8 welt 10 atiempt 3 smear Pre”
aration © {he washe! d bram-hssue specimens on a shde fot Ncm-body
staming & and mlcxoscop\ examnation The quakty of the smea? wil
depend on the amount of g\ycem\ wa ashed fro m the brain NssUE

remaining specimens are nOW ¥ ndy \‘ mu\slf\ca\ Lon and mOuse inocuta-
won  FoOT grinding sahvnry glan! mortat & small amount of sterie
sand Of alundum essentiat, bu! uhese ma(ena\s ate superfluoys for making

Note It 18 ;\dwsab\c to fetain 1 g\yccm\ solution $00€ unused
portions of all ammal-1ss e specimen n\\\ the nn \ inoculation test
either has been rcpomd smve for 1 b , ot has 1 its course (at teast
21 days), and has seported negative (o( mbxcs.



Section 2 *

RAPID MICROSCOPICAL EXAMINATION
FOR NEGRI BODIES
USING SIMPLE TISSUE-APPLICATION TECHNIQUES,
AND PREPARATION OF SPECIMENS
FOR BIOLOGICAL TEST

The techniq) ployed m the lab y di; is of rabies should
embrace optimum conditions of accuracy, speed, and economy. The method
employing the microscopical examination for Negri bodues, ustng the
stmple application of brain fissue to a sitde and Sellers’ technique for
stamning (see page 32, has been proved to fulfil these requirements.

It has been found that Negnt bodies, when present, are most readdly
demonstrated n Ammon’s horn (hippocampus major) of the brain and abo
n the pyramudal cells of the cercbral cortex and Purkinje’s cells of the
cerebeltum ; they are found to a much more Iimited extent in the nevrons
of the thalamus, pons, medulla, spnal cord, and sensory pangha.

Dissection of the Brain

A sery simple operation 15 required to expose Ammon's horn, which
is generally the best area for demonstration of Negri bodies in most specics
of rabid ammals  With a pair of stenile scissors, a longitudunal incision
1s made mto the dorsal surface of each cerebral hemusphere, about 2em
lateral to the longitudinal fissure or sudlne of the brain (se ‘;’E -
The maston 1s made from the region of the occipital pole of the hemisphere
andis exterded forward for 3-5 cm and downward through the grey matter,
and then completely through the white matter until a narrow space. the
Lateral ventricle, 1s reached The opening 15 thea widened by spreading
the cised hemisphere, and Ammon's horn will be revealed as a scmi
cylindrical, white, ghstening body bulging laterally from the sentricle
floor (sec fig 2 and 3) Tt has a spiral contour and, on cros
charactensstically rolled surface

s-section, 2

ble
* Contributed by Erncst S Tierkel, Director Rabies Control Auvties Communicy
ssease Lenter {be.c Health Service "US Department of Health, Education and Welldre

Atasta, Ga, Ut

—_24
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FIG. 1, SITE OF INCISION FOR LOCATING AMMON'S HORN

e < e

5
f
]
2

|

By courtesy of United States Depariment of Health, Educotion and Welfare Publie Hea'th
Servire. Communicable Disease Center (US DHEW-PHS-CDC:

Preparation of Slide

Stides should be made first from Ammon’s hors, then from the cerebral
cortex, and finally from the cerebellum, Samples (at Teast six) should be
taken from these three areas on each side of the brain and exammed micro-
scopicaily before the bram s reported Negrenegative. It 15 always wise
€0 select another atea from exch hippocampus for good measure.

Three recommended methads of applymg fresh bram tissue to shdes
are as follows

Impression method

With a pair of sassors, small transverse sections (2-3 mm thickness)
of bram tssue {Ammon’s bhosn, cerebrum, or cerebellum) are cut and
placed an clean blotting-paper ot a wooden tongue-depressor, cut sutface
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FIG. 2. INCISION TO LATERAL VENTRICLE SEPARATED, SHOWING AMMONS
.

By courtesy of US DHEW-PHS-CDC

FIG. 3. CLOSE.UP OF AMMON'S HORN® BULGING FROM FLOOR OF LATERAL
VENTRICLE

& courtess of US DHEW-PHS-CDC

* Indicated by strow
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facing upwmd (see fig: 4and 5 A clean m\cro-s\idc js then touched
against the cut curface of {he section and pr:ssed gently downw:srds with
Just enou p pressure exerted 10 create 3 shght spread of the exposed
Surface of he tissue against {he glass shde. According 0 the size of the s¢¢*
tion, three 1o fout impr:ssmns can be made on one shde (see fig. 6and 7

FIG. & TAKING OF SPECIMEN FROW ANMMON'S HORNFOR supE Puvunnlous

py caurtesy o vs DHEW-PHS cpC

shide 18 flooded with Selters” stan (see fig 8). allowed

ew seconds, nnsed under the 1ap, and dnied at oom

wng The prcpar:\\mn 15 then ready for examind-
exal ec

because 3 maxumum amount of nerve uissue ¢an be
area with 3 inmmem amount of celtutar damage

Smear method

The spread-smear method consists of phaawng 3 el

ry small section of
brawn hissue on ORC end of the shide. Another nde 15 used 10 crush the
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SPATULA BEFORE MAKING

TO
IMPRESSIONS

- T

By courters of US DIEW-PHS-COC
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FIG. 5. IMPRESSION METHOD OF SLIDE FREPARATION

By courtesv of US DHEW-PHS-CDC
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FIG. 7. CLOSE-UP OF SEVERAL IMPRESSIONS ON A SLIDE

Bv courtesy of US DHEW-PHS-CDC

FIG. 8 IMMEDIATE IMMERSION OF SUIDE IN SELLERS' STAIN WHILE
TISSUE FILM IS STILL MOIST

By urtess of LS DHEW-PHS-CDC
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section of tissuc agamst the first slide and is then drawn across he tength

i d of a
of the shde (sce fig 9). The result is a faurly homogencous sprea
thin film of tissue covering about three-quarters of the area of the shde.

FIG. 9. SMEAR METHOD OF SLIDE FREPARATION

By courtesy of US DHEW-PHS.CDC

In this spread-smear technique there 15 a copious concentration of tissue
and a rather extenstve area for exammnation. Care should be taken not to use
too large a nissue-section, which will result n an excessively thick film,
making proper staning and D

mmpression method, however, gives supenor results

p The

“Rolling™ method

The last method, the “rolling” technique, consists of cutting a piece
of brain tissue aboot the size of 2 fresh garden-pea, and rolling or teasing
1t gently (cut surfsces Jownward) over the enure surface of the stide with
a wothpick or wooden applicator

The staming p of Sellers 18 ded here because of its
accuracy and simphcty In this technique, no prelminary fixayon is
requited, smee the tissue fifm 13 fixed and staimed simuttaneously, making
1t one of the most rapid and easily handled methods
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Preparation of Sellers’ Stain *
Exarmnation of shde
Time may be saved in microscopic examination by a study of the stained

slide under Jow power at first, selecting areas large
neurons to be examined for Negri bodies under immersion ol {sec fig 10

and 11).

FIG. 10. LOW-POWER VIEW OF IMPRESSION, SHOWING FIELD (UPPER HALR)
RICH IN NEURONS FOR EXAMINATION URDER HIGH POWER

Br courtesy of US DHEW-PHS CDC
Magnification x2%0

Sellers’ stain shows the Negn body well-differentiated :n m:gfﬂ:!ﬂ';'
heliotrope ta bright red. with well-demonstrated dark-blue to black

. i t
philic inner bodies. All parts of the rerve cell stain blue, and the interstii

s
* This subsection was sery bindly contributed by Thomas . Scliers. Directot. G
Department of Public Health  Atlarts Ga UsA
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Preparation of Sellers® Stain *

Examination of slide

Time may be saved in microscopic examination by a study of the stained
slide under low power at first, sel g areas ini farge
neurons to be examined for Negri bodies under smmerston ol (see fig 10
and 11).

FIG. 10. LOW-POWER VIEW OF IMPRESSION, SHOWING FIELD (UPPER HALP)
RICH IN NEURONS FOR EXAMINATION UNDER HIGH POWER

Bv courtery of US DHFW-PHS-CDC
Magnification x200

ted in magenta of
Tue to black baw-
and the intersutial

Sellers” stain shows the Negn body well-differentia
heliotrope to bright red. with well-demonstrated dark-b
philicinner bodies. All parts of the rerve cell stain blue,

" Geores
This subsection was sery iadly wontnibute Thomas T Seflers Drectof,
Depuriment of Povie Heatth” avine, “eamed b
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tinged
ussue stams pink. Ery ytes stain copy lou (orange-ing red)
and can be easily iated from the mag tinged red of the Negri
bodtes (see cotour plate, fig. 1, facing page 39).

FIG 11, HIGH.POWER VIEW OF NEGRI BODY®

By courresy of US DHEW-PHS CDC

* Indicated by arrow Magnification % 900

Stock solution

(1) Methylene blue (Colour Index ™ 2 No 922, or Schultz?
Index No. 1038)

. P 10g
Methyl alcohol (absolute acetone-free) to make . - 1,000ml
(2) Bastefuchsin (Colour Index No 677, ot Schultz No. 780} 5g
Methy! alcohol (absolute acetoae-free} to make - 500 mi

Other smtable dyes, such as those from Gruebler & Co., Leipzig,
Gurd & Co , Ltd, London, and National Anihine Co., New York, may
also be used

! Socicty of Dyers and Colourists (1924) F Rowe, ed . Colour mdev, Bradford
Bradrsf ey of Dvers and Colounsts (1928) FRowe. ¢d . Supplement 10 colour wdev,
* Schultz, G (1928-1934) Farbstoftabelien 7 Aufl , Letpzie
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kérperchen), basophilic granules which stain dark-blue to black. The size
of these inner granules generally varies from 0.2 p to 0.5 1. Classically,
the well-formed Negri body—the so-called textbook picture—will have sts
inner granules arranged 1n rosette fashion, with one large centrally-placed
body and a series of smaller granules arranged neatly around the pertphery
of the Negri body. It should be pointed out, however, that this picture
is the exception rather than the rule, and 1t is very rare indeed that such
an orderly arrangement of the inner granules is scen. For purposes of

itis ient to establish the p of these dark-blue-staining
granules, regardless of their numbers or pattern of distribution within the
matrix of the Negri body.

There is universal agreement that the Negri body is specific for rabies,
and its presence always indrcates this infection. Furthermore, a fully-
formed Negri body cannot be confused with anything else, However, in
the diagnostic laboratory other types of inclusion bodies are sometimes
encountered 1n ammal brains and, because of certatn similarities, may be
mistaken for Negri bodies. This is particularly true of the dog, fox, cat.
and laboratory white mouse, In the brains of dogs and foves, the acdo-
philic inclusion bodies of canine distemper or Rubarth's discase (canine
ious hey fox phalitis) are lly encountered  These
seem to occur more often in the thalamus and lentiform nuclei than in
the hippocampus. By the same token, the brains of non-rabid cats and
lab y white mice Ity contain pecific acidophthe inclu-
sion bodies when presented for rabies diagnosts. All thesc non-rabics
imclusion bodies have the same stawing characteristies for Sellers’ stam
and they cannot be differentiated from each other with the techniques
described above. Howeser, the mmportant thing is that these non-rabies
wnclustons, as a group, can be differentiated from Negri bodtes mgh the
use of Sellers® stamn. The following outhinte may be used as a gmdc n
this differentiation

Aegrt bodies Nonwrables incluvion bodies
Presence of basophilic 1ancr granufes  Absence of internal structure *
Heteropencous matrix Homogeneous malex
Less refracule More highly refracule
Magenta (heliotrope) tinge Colour more acidaphilic (pinkes)

* See colour plate fig 2, facing page 40
found
at reason, 33

Small atypical intracyiopl: 1 bodses are
in ammals killed during the carly stages of rabies. For th
imperative to hold tinng and suspect dogs 10 quarantine, rather than (0
Wil them immediateh wnd send the brain to a laboratory for dugno
(see page 15) There v 4 double reason for this, Frst, it will allo® of
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time, or picked up fong after death, or shot, or clubbed in the head, Also,
the cause of death may have been a bacterial encephalitss,

Intracerebral injection of bacterta may cause the death of inoculated
mice in one, two, three, or more days, befare the rabics virus, which may
be present in the inoculum, has had its full incubation period, On the
other hand, injected mice may Ine long enough for rabies jncubation to
be complete, may pass through the typical rabres symptoms of tremors,
paralysis, and pr ion, followed by death, and may show typical Negn
bodues and many bacteria in there brain smears,

When bacterial contamtnation 1s suspected, for example, if the animat
brain is decomposed or when many bacteria are demonstrated on the
original brain smears, it is best to treat the brain suspension with an ant-
bacterial agent before inoculating it into mice. Of the following agents,
pemicillin and streptomycin 4 will give the best results. If these antiblotics
are not available, any of the other agents may be used—e.g.:

(1) Giycerol. Place the brain specimen in pure glycerol for 48 hours.

(2} 0 5% phenol. Make up 0.5 phenol in physiological salt solution
This 15 used as the diluent for making up the 10% tissue inoculum. Hold
for 6 hours or overmght. If held for 6 hours, keep the suspension at room
temperature, If held for over 6 hours, keep the suspension overmght 1
the refrigerator,

() 1:5,000 thiomersal (merthiolate). Make up a 1:5,000 solution
of thiomersal in physiological salt solution. This is used as the diuent
for making up the 109 tissue inoculym. Hold for 6 hours or overnight
If held for 6 hours, keep the suspension at room temperature. 1f hiehd fof
over 6 hours, keep the suspension overnight in the refrigerator.

(3 207 ether, Place one part ether in ten parts tissue suspension.
shake 1 a stoppered bottle and leave at room temperature for two hours:
use a stenfe cotton plug to aflow for evaporation of ether. .

Caution 1 all the cther has not evaporated, its intracerebral injection
will cause the almost nstant death of the mice.

3) Pemcilhn ana strepromycin,  Add 500 umits of soluble sodwm
pensciltin G and 2 mg streptomycin per ml of tissue suspension. Allow ll‘7
stand for 30 minutes at room temperature before injection, This amount i
vsually enough, but for very heavily contamenated brams or satnary
glands, as many as 1,000 unus of penicrlitn and 3 mpg of streptomyein m3y
be used.

In order 10 help detect *h_ rossible presence of contaminating k]aﬂfm'
a portion of 21l tissue cus aivr a5 should be cultured in dextrose infuston

¢ Johnson, 18 ™ ‘ 81,382
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broth or sunilar media, and streaked on a blood-agar plate. The
recommended amount 1s about 01 mi of emulsion in 3 ml of broth.
Incubate overnight at 37 5°C.

Early deaths (1-3 days) among the 1nfected mice may be attributed to the
presence of contanunating bacteria if the cultures show moderate to heavy
growth, and 1f many bacteria are found in the brain smears of the dead mice,



DESCRIPTION OF PLATE

Fig. 1 is reproduced from Rivers, T. M, ¢d. ¥iral and nickensial
infections of man, 2nd ed , Philadelphia, London, Montreal, 1952,
by courtesy of J. B. Lippincott Company ; fig. 2 13 reproduced by
courtesy of Lederle Laboratonies Division, American Cyanamud
Company, Pearl Rirer, N.Y . USA, fig 3-8 were kindly supphied by
Professor P Lépine, Instuut Pasteur, Paris.

Fig. 1 Seilers'stain showtng three large Negri bodies with * lnrer

J kérperchen ™ the small round cells stained red are erythrocytes
(Magnification x 90)

Fig 2. Fox: non-specific inclusion bedy in cytoplasm of degencrated
neuron (anterior horn cell), Note homogenesty and lack of 1aner
structure of inclusion body. (Mann stam: magnification ¥ 1,440}

Fig. 3. Street rabies~—1  The cell nght of centre shows the difference
between the nucleolus {staned violet-red inside the nuckus) and
the Negn body (in the same cell just below the nucleus) Other
Negrs bodics can be scen 1n the cytoplasm of the cell at the 100°clock
posison  (Mann stain - magnification v 680)

Fig 4 Strect rabics—1l. Note Negri body in cytoplasm of neu-
rons below centre of figure. (Gicmsa stan : magnmfication ¥ 680)

Fig 5 Strect rabies typical Negrt bodics, several showing internal
strycture . many micro-bodics prosent $ several, situated at the
prolongations of the ncurons, appear (0 be extraetlutar. (Lépine
Tueh fi blue_stain » 680)

Fig 6 Fied-virus rabies——1. Typicat oxyphilic puclear degeneration
<haracenzing fixed-sirus lesions.  (Mann stain magnification

Fx0)

Fig T busedsarus rabies—I1 Sumilar type of ovyphilic nuckear
Jesen 1= 4 heuron i the outer layer of Ammon's horn. (Giems?

sta s vaknfation - 6908
Frg > o~ { nudear depeneranon resulting 1n Gredarrus rabics
e polyctrome bodics fill the nucleus of the aMested

reu ©nstasn magateaton . 650)









HISTOPATHOLOGICAL DIAGNOSIS

neiple, the histopathological diagnosis of rabies consists in recop-
the presence 1 the animal of acute encephafomyefitis which
scribed to a specific agent, namely the rabies virus

¢ animal has died from rabies, 1t 1s normally easy to detect the
festons , 1f the amimal has been killed, death may have occurred
the appearance of specific lesions (Negn bodies), Thus, all animals
-h the cerebrospinal axis (brain, medulla, gangha) shows the slightest
of lestons, particularly infiltrations, should be regarded as suspect,
uter how smalk the lesions may be.
fter correct removal, the brain should be carefully dissected. Smears

npressions should first be examined for Negn bodies (sce section 2,
. gtk lianmas § ag baan peegb e

Arrar

o

. .. ca 1 L T
\bedding l;y a rapid method. At feast six samples should be examined,
rresponding respectivefy 10 the cotnu ammonis (both sides), the cerebral
artex (motor area), the cerebelium, the medulla, and a ganghon (gasserian
v upper cervical),

The sections should be examined for
{a) Signs of

P e, B!

cuffing, p: hy i
of encephalitic nodules (Babs' nodules), and ganghonar infiltration with
satethitoss and neuronophagy (lesions of van Gehuchten and Néhs (soc
fig 1and 2)

These lesions may be detected by any staining method (haematein-cosin,
polychrome blue) They show the existence of encephalomyelitis and
enable a probable positive diagnosis to be reached

(b) Speafic lesions  The different types of neurons should be examined
for Negri bodies and lesions of fixed-virus rabes

* Contnibuted by Pierse Lépine, Virus Section Insutut Pastesr Pariy, France

— 4 —
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FIG, 1. NORMAL FIG. 2, RABIES : INFILTRATED
GASSERIAN GANGLION GASSERIAN GANGLION

Ganghoneurons with a single tager Inf*traton, satelitosis and neuronophada
of satente cens (lesi0n of van Genuchien & Nil)

FIG. 3 RABBIT STREET RABIES

ragaccaton » 150

Van st \
Negr! of * upe)

3
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The Negri bodies are found especially in the central pyramidal layer of
Ammon’s horn (see fig. 3) and the hippocampus, 1 the lower loop and the
middle Jayer of the ganghoneurons of Ammon's horn and, less frequently,
m the neurons of the cerebellum (motor areas), a.nd of the {ncdull.nry
nuclei. They may be present in very large numbers in the ganglia but are
generally small in size.

FIG 4 RAEBIT ; FIXED-VIRUS RABIES

Leping (fuchsinsatranne-blye) stam magoification x 770
Polychromatic degeneration of neurons in guter layer of Amman’s horn

The lestons of fixed-virus rabies are found exclusively in the middle zone
of the external fayer of the cells of Ammon's horn (see fig 4 and 5). They

always co-exist 10 a varying proportion with the lesions of street-virus
rabtes.

These lesions can be detected only by special staimng methods {Mann,
Giemsa (see colour plate, fig 4, facing page 40), Sellers, etc ). Their Ppresence
enables a definitely posinve diagnos:s to be made,
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FIG. t. NORMAL FIG. 2. RABIES : INFILTRATED
GASSERIAN GANGLION GASSERIAN GANGLION

ERSUOME I Ve o R Y

PN AR VT ¢ R
A IV &S
1 tf‘;,“' Py 5 %5., *
g.a o vifal t . '“«’“\f\l
. L

Ls,

Y

Ganglioneurons with a single layer Infitration, sateliitosls, and neuronephagis
of satellite cells Cesion of van Gehuchten & Néiis}

FIG. 3 RABBIT ;: STREET RABIES

Mann gar magnification 20600
. *vegrt Bodied in rerons of Ammon’a hoen (inner layer)
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occrpital bone, followed by two more cuts, one On each side, aiong the
temporal bane in prolongation of the cuts already made. Join up the saw-
cuts by means of bone-cutting forceps, and hft up ard push backwards the
top of the skull In the case of very large anwmals (large dogs, caws, ete.)
a different method 1s preferable : make a longitadinal saw-cut on each side
of the rmdline at about 1 5 em from it, and join up these cuts by one or
two transverse saw-cuts abave the otbits and at the occiput so that the
calvaria can be removed in two symmetrical pieces

Once the calvana has been removed, use fresh instruments 10 open the
meninges, makimg use of serrated dissection forceps and a pair of fine,
stenle scissors The operation 1s performed by making an maision in the
meninges, statting from the median repion, along and oa each side of the
tongitudinal sinns, neat, 3 second MGsion is made perpendicular to the
first and the menungeal flaps pushed upward and backwards Agmn
change 1nstruments ; cut through the medulla with a scalpel as low as
possible and ift up the bratn proceeding from back to front, and successively
severing the pairs of cranial nerves At the erd of the operation the brain
15 toppled over forwards Into a large sterile Petni dish where 1t rests on
1ts upper surface In hot weather, or 1f the bram is soft (cadaveric bram),
1t should be cooled to +-5°C (refrgerator) to give 1t a firmer consistency
before dissection.

Examnation of the brain

Note whether or not there 1s congestion of the cetebral vessels or exudate
in the meninges, etc, Dissect the bram as follows :

(@) With a brain kmife separate the two hemispheres longitudimally,
after having detached the cerebellum and the medulla,

(6) Look for the hippocampus and the cornu ammonis. This may
be done 1n two ways

1) Cut across the bram \ransversely, starting from the base behind
St - oL . . .

can easily be removed ’

@) Al(ern?lxv:ly, a longitudinal incision may be made externally in
the posterias third of eath cesebial ‘Themsphere about 1.5 cm from
the midhine, the nession 15 continued through the grey matter and

the white matter until the third ventricle 15 reached m the form of 5
narrew fissuea Tha k- 2

tricle
fater -
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FIG. 5. RABBIT : FIXED.VIRUS RABIES

t
i
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H
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Lépine (fuchsin-safranine-blue) stain

Detall of affocted nsurons pyknosls of celiular bodies, with multipficity of
potychromatic nuclear debrls

¥ oa - - P

magnification % 1.850

BRAIN REMOVAL, AND PREPARATION OF MATERIAL

Large Animals (Dogs, Cattle)

The ammal 1s firmly secured 1o the autopsy table or, betters the head
1s separated from the body and strapped to a wooden block holloycd ng
for the purpose  The operator ard his assistants should wear thick ru!
ber gloves to protect their hands. Make an inciston on the midhine of the
skull through the skin, push aside the flaps of skin, and reflect the muscles
and fascra as far as the base of the skull, proceeding from the cm“;
to a horizonta! line passng through the eyes  Saw transyersely erU§
the skult st eye level and make a symmetnically placed saw-cut through the
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of eversion which completes the clearance of the field of operation. The
Farabeuf and bone forceps are then lad aside. With the fine forceps and
the scissofs the mentnges are clesred aside and the antertor part of the
brain sectioned at the olfactory lobe, the medulla 15 severed behind the
cerebellum, and after the bram has been raised 1n order to cut the optic
chiasm, 1t 15 placed 1 a Petrt dish where it 1s dissected

With the brain lymng on 1ts dorsal surface 1n the Petri dish, the ventral
surface facing upwards, cut the cerebral trunk at the peduncle; then cut
through the encephalic mass obliquely slong a transverse slanting plane,
starting from the optic chiasm and going towards the convexity, parallel
to the postenior surface of the hemispheres and to the cut surface of the
cergbral trunk. A second cut made mn the same way, parallel to the first
and from 5 mm to 8 mm behind 1t, gives a transverse section of the bram
which 1ncludes the gyrus hippocampt and the cornu 2mmonts as well as
the basal optic ganglion—areas of choice for the detection of Negrt bodtes,
1n addition to the cortical motor area (see fig 6 and 7, and colour plate,
fig 5, facing page 40) A section of the Tlum makes
1t possible to examine Purkinge's cells and the peduncular region.
Finally, a slice cut from thesend of the cerebral trunk gives a section
of the medulla To reach the gassenan ganghon, cut through the
petrosal bone with the bone forceps at 1ts msertion 1nto the sella turcica ;
make the cut surface gape open by everting the temporal bone down-
wards and outwards The gasserian ganglion 1s easily recognized from
its whitish and nodular aspect and its almost fibrous consistency.
The ganghon 1s carefully removed. freed from fragments of bone, placed

on a piece of filter paper, and immersed 1n the fiung agent with the other
samples

Guinea-pig, hamster

The animal 15 secured to the autopsy tray and the head thoroughly
freed from skin  The shull 15 rapidly flamed With the second pair of
large stenle scissors, open the skull by means of four mcisions encircling
the skull cavity, the first one joiming the two orbits and the other three
made successively at the sides and the ocerpitat bone Remove the brain
with the fine forceps and scissors and dissect 1t as described above for the
Tabbit 1t 15 more difficult to locate the gasseran ganglon than with the
rabbit, but, with care, this can be done successfully

Mouse
The mouse 15 pinned, ventral surface downwards, on a sheet of cork,

the imbs being spread out and fixed Furst of all the four paws are fixed,
the base of the tail 1s secured with 2 fifth pim, ard a stxth s passed through
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Cut transverse sections [-2 mm in thickness from each hiprocampus
Take similar samples from the cerebral cortex (motor area), the cercbellur,
and the medulla, and immediately submerge them in the fiting agert
selected.

When impressions are to be examined at least six slides (two for eaxch
hippocampus, one for the cerebral cortex, and one for the cerebellum)
should be carefully inspected before deciding that the results are negative.
If the results are negatne, however, histological exammation srd animl
inoculations are carried out.

Preparation of the tissue samples for histological examination

If the tissue is soft and difficult to section, prepare pieces of filter pafet
shghtly larger than the tissue sample to be collected. Apply the piece of
filter pager 1o the cut bram surface, grasp the edge of the filter papervdb
fine Torceps held in the Yelt hand, and with the right make a cut witha
scalpel parzlel to the filter paper and 2 mm or 3 mm from n, so as ¥
semove the piece of brain, which is immediately submerged in the fiving
agent together with the frepment of filter paper to which it is adhenre

Remoral of matcrial jor iroculation

In operating, care should be taken to put on one side fragments asepli-
cally removed from the same areas {cortex, hippocampus, cerebellum,
medulla) for use m anmal inoculation (see section 6 (A), page m ¥
the brain 1s recenned tn good condition and can be assumed to be sterile.
the frag are d before any e 1s made. When the
brawn s infected, the fragments may be removed at any ttme and antibiotics
added, as described in section 2, page 38.

Small Animals (Rabbit, Guinca-pig. Ilamster, Mouse)
Rahbit

The anmmal, resung on its ventral surface, is attached to the avtopsy
tray, with the head at the edge of the tray, Using a serrated dlsu‘d;;:
forceps, the scalpel and the saissors, completely scalp the hend from ol
nape to the muszle, removing the czrs and the upper eychds, Momsten 'xh
exposed sufface of the head with sodized alcohol and rapudly flame W "
abunsen hurner - Holding the muzzle of the animal with a l"amhcufforn'r’
n the left hard, open the bram pan wath three cuts of the bone rﬂm{;:
Make the first two in the front part of the head, from c:ach orbst 1o xh‘e
midhine » b an upsard and outward movement of exersion, Gi““'"gd o
bram pin panetal ard temporal bores) i two flaps, to the sight 3n "
the left  [h: urd cut1s made at the ocoiput, witha backward movemc!
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fixation. Tissues other than those of the nervous system are hardered
by this fixing agent.

Rapid Method for Histological Embedding

For shices of brain tissue I mm in thickness, fixation is complete in 153
minutes. The tissue is transferred directly to absolute alcohol, with whyh
it is treated for 20-30 minutes in two baths, followed by two charges of
toluere and two of paraffin, ezch lasting 15 minutes, Including the tire
necessary for cutting ard stairing the sectiors, the preparation is rexdy for
microscopical examination from three and a half to four hours afist
autopsy of the animal.

Embedding Using Diovan

It 15 sometimes advantageous 10 use a solvent for paraffin which is als0
muscible with water. The number of manipulations is reduced ard for
fairly thin tissue fragments there is a gain of time. The drowan techrigue
15 suitable for use in this connexion.

Fix the uissue in thin shces, not exceeding 5 mm in thickness. In pris
ciple, any fiung agent can be used It 1s preferable, however, to employ
Boun's dioxan mixture ® as given by Lison:

dioxan saturated sith picric zeid . . 8.5 volumes
commercial formol . . 1 volume
glacnal acetic acd PR 0.5 volume

Neut embed without washing, following the procedure grven below :*

dioxan | . 1 hour
dioxan 11 1 hour
dioxan 1IN 2 hours

followed by

paraffin 1 15 minutes
paraffin 11 45 minutes
paraffin 11 2 hours

Use fresh paraffin for embedding

Take care to keep the dioxan in weil-stoppered bottles (nsk of chrory
powsoning accompanied by anaemia caused by the vapour of the ciow
1s Lept 10 open bottles), and ensure that it remains anhydrous by adding
pieces of C20.
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Staining of the Negri bodies by Mann's Method

Thns classie method gives sections which are permanently stained, with
very fine differentiation of the Negri bodues. Itisan excelfent demonstration
method, but it requires time and a certain knack for full success.

The procedure 15 as folfows :

Prepare the mrxture at the time of use:

methyl blue (rot methylene blue), %5 aqueous solutron 18 ml
1% aqueons eosinselution . . . L L <. 3wk
distilled water e e e .49l

Stam for 24 hours at laboratory temperature, or for 6-14 hours at 38°C
{en this ease first treat the section with alcohol-formol to render the gelatine
1nsoluble since otherwise the sections come loose).

Was, first with tap-water, next with absolute alcohol (rapidiy)

Differentiate ra alcoholic caustic soda solutton

1.5% solution of caustic soda inaleohol . . . . . tml
absolute aleohof . . ., ... L. . 30mt

unnl the section 15 staned pink {about 10 mmutes) As soon as this stage
15 reached, wash the preparation well with tap-water. ‘The section should
take on a sky-blue colour , if not, treat 1t with water containing acette acid
{2 drops of acetic actd in 40 mt of drstilled water) for 1 minute
Dehydrate rapidly (absolute aleohol) ; teeat with xylol, mount 1n balsam.

Result - Negri bodies, vermilion red, nucleol of the neurons, violet
fed , chromatin, blue; cefls, dark blue ; stroma, pale blue, erythrocytes,
punk {see colour plate, fig 3, 6, and 8, facing page 40).

On substituting phlosin B for eosin 1n the same propottion, the prepara-
tons obtained are less ive (purphsh-blue or mauwve b

B
tnstead of sky-blue) but the mclusions (Negni bodies) ate more numerous
and more stnking

Statning of the Negri Bodies by the Fuchsin-Safranine-Bloe Method 3

After being well fixed, the tissue 15 embedded 10 paraffin, cut mnto thin
sectrons, and freed from the paraffin, Starn for 10 minutes with the follow-
mng mixture

{1) basic fuchsin
50% alcohol

g
- 200 mt
(2) 02% agueous sotution of safranine



52 P. LEPINE

Mix equal parts of (1) and (2) (drop-bottle, the mixture is fairly stable
and keeps for some time).

Discard the stain, cover the section with alcohol-acetone (equal partsh
to remove excess stain, wash rapidly : the section is coloured red St
for from 15 seconds ta one minute with Unna’s polychrome blue (10°
dilution) or with permanganate blue prepared by Stévenel's method ™
and used undiluted. Discard the stain : the section is deep violet in colour
Differentiate in alcohol-acetone for a few seconds: the section becomes
blue diately wash the preparation in running water (tap-water) 10
remore the excess of blue stain, and again treat with alcohol-acetone:
next, without washing, commence dehydration by shaking in a Borrel
tube filled with absolute alcohol. The remaining ‘stain is removed from
the section which by iated, taking on a pink-hlac tint varyag
in paleness according to the thickness of the section. Rapidly complete
dehydration 1 absolute alcohol, carefully remove the alcohol in severa!
changes of xylol, and mount in balsam,

Resulr stroma, very pale pink with rerve fibres a deeper pink s neurogha
and leukocytes, purphsh-blue: neurons, hight blue: chromatin, decp
purple with the nucleolus a vivid red ; pathological formations pamcul:xrly
well shown nuclear incl and oxyphilic sub vivid pink;
Negn bodies, poppy-red to mauve pink, with the internal structure Ilsc
{sce colour plate, fig 5 and 7, facing page 40)

Detection of Negri Bodies with the Fluorescence Microscope

This method makes use of the fluorescence of the Negri hodies when
they have been impregnated with a fluorochrome and subjected to hght
witha wavelength of 4.000 L $ When equipment for fuorescence microscopy
1s available this 1s a rapid and sure method of rabies diagnosis.

(1) T1x the brain tissue and embed in paraffin as usual  Finc sections
arc made which are mounted on slides and treated successively with x)lol.
absolute alcohol. and water to remove the paraffin

(2} Next, stain by immersion for 30 minutes 1n an aqueous 0 2°; solu-
non of thioflavine S Without washing i, treat the preparation for a few
scconds with absolute alcoho! and then with toluene  Mount in balsam
between the shide and the cover-ship, applying as thin a tayer of balsam 38
possible It should first be ascertained that the balsam does not contain
substances which become fluorescent 1n ultraviolet hight

(3) Nest ewamine with the fluorescence microscope, uung a filter 0
block wavekengths longer than A .- 5050 4 Locate the cornu ammons



LABORATORY DIAGNOSIS 53

under fow magnification and examine with high magnification, using
glycerol or iqud paraffin as immersion liquid )

The Negri bodies immedately stand out because of their vivid ﬂucrcsd-
cence (see fig. 7 and 8) and brillant azure-blue colour. The backgroun

of the prep is pale-yellow, cellular protopl. brlliant yellow,
nucleolt and erythrocytes pale-blue.

FIG. 7 STREET RABIES : AMMON'S HORN (MIDDLE LAYER)

Mann stan

magnification x 800
Appearance under white light, many Negrl bodies

Method of Storall & Black

A popular staining method used m the USA 1s that described by
Stovall & Black *2 usmg acetone fixation and a sequence stain, The follow-

ing descniption 15 taken from Lillie.® A vapant of this method 1s also
gven by Lillie

“1 Stamn 2 minutes 1n a 1% alcoholic solution of cthyleosin (C T No 770, sodium
cthyl cosmate) adjusted 16 pH 3 0 with N/I0 hydrochtoric aeid
Rinse 1n water

P

Stain 30 seconds 1n 0 23% methylene blue 1 22¢; alcohol buffered to PH 55
with the acetic acid-sodium acetate buffer
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pink.

P. LIPINE

-

Then differentiate tn 0.38%% acetic acid 10 water (13 drops (v 60 <) uatlsestey
are browmish red.

Wash, dehydrate, and clear.

6. Mount in balsam

w

Results : Negri bodies arc browntsh to pure red, nucleol pale blue, other structa

FIG. 2 STREET RABIES : AREA OF BRAIN, TISSUE BLOCK, AND CELLS
IDENTICAL WITH THOSE OF FIG. 7

Mann atain magnificaon x&0

bodsi

, under same but with tight, ot Negrl 89
T1ed Dy thioflavine and nding out clearly, becauea of their &mruunn. agunt
dark a:lwoundyﬂ the preparation

4 vanant of this method which we have used successfully.

| 1090w 100°, whohal of 94 cc 95 5% alcohol, 3,28 ¢c 12, acctic acad, and wate?
10 make 100 o, dissolre 950 mg cthyl cosn Stain ia this for 2 minules
Then wash 0 alcohol and 1n water

€ cunteest an tormalin materal in 0 5%, methylene Muc sn
fived matenal 1+ alum hematoyhn

D70 crte 1o 6 2875 acete aad for 2 1o S minutes

S Wa Wngrg, and clear

Moult cr koo m

-

252, adcohof, sketd!

s

o
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Other S.‘nining Melhods
haye been recommended for
ood Tesuls .

fanp'g Method,

[¢3] Gallego‘s 2 USIng aeig ferric hlorid, as Mordany, follovaed
ng by s od 5, d wyy Prer Carmine,

Romgpe, Vsky-G, Metho, buffereq Gienys, folIoumg the
techniqye of Lilje Py Crnack,y

d:ta combmalion Of Selerg» Mmethog With
the Tapig dnomnfm dding Methog
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Section 4 *
MOUSE INOCULATION TEST

The mouse inoculation test, in spite of its simplicity, deperds gy
on the accuracy of its performance for dependable results.

Choice of Mice
Stramn

Usually white mice of any breeding strain may be C""Si‘f’m‘d Smuﬂ,’;
Prefererce should be given to the Swiss albino strain since it is very susp
tible 1o rabies virys and 1t is easy to maintain the breeding stock 2 \:
liboratory. If the Swiss albino stock is not available, howeser, alm[{:’v
any breed of mice, except grey wild mice, can be used, bevause a gt“ﬂ,’;{'
resistant stran has not yet been found. Grey wild mice shD“m, be excla ;n:
not because of nsusceptibility but because of the difficulty in restrair?
these animals jn cages during the observation period

Age
| oy duced rabies

Mice of alf ages are ptible to Y e
Yirus, Haweser, 1t 15 easiest to inoculate, mantain, 2"{" obsene
which are 21.35 days old (8-12 g weight) at the time of inoculation.

Sev

Mice of both sexes are equally susceptible to rabies virus Iis m&i
viable 10 heep the older mice of the same sex in one cage since the c{ "
ammals, Partcularly the males, are apt 1o kill each other in fights befo!
the obsenanon perrod 15 completed

General hegith

. in pood
¥ s imperatis . that the animats chosen 10 be inoculated be in id 3
health 1t 1s impot ind o know the history of the breedimg colony, 3
184 ble 1o 4r (f the animals closely before inoculatron.

a1 Reseanhe
O reaed e ), . Avustant Director, Viral and Rukenty. )
Lederie ) TSN, ) K qrranall, Crinzmd Commany, Feam Rper 3 ¥ 2 €3

— 56 —
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FIG. 1. GRINDERS FOR PREPARATION OF TISSUE

A = Mortar and pes' o B = TenBroech grinder C = Waring blendor (amall wir¢

The mortar and pestle cannot be operated under as stenile conditions as ¢3!
the Waning bleador or the TenBroeck gninder , st can, howeser, be casil!
cleancd and sterthized, and stands wear ard tear for a fong period of time
(c) Makeshift devices W Warng blendors. TenBroeck grinders, ©
mortars are not available, the following makeshift tools may be considered
() Concare dish and pant brush  Any concave dish and medium-sizet
paint brush which can be stenlized muy be used for grinding bram tisstt
alone The suspension can be made quite simply and 1y as homogencoy
as one prepared in a mortsr and pestle, although more time 15 required
The brush should be scrupulously cleaned and properly stenibized afiel

use

m) Muncing with scissors. 10 no grinders at all are avanlable, the pn“i.
bility of muncing the ussue cursed scassors may be considered.
This may be Y 1tch-glass kept inside a Petn dish.
s the since some preces of tsue will

always Hnp. e, et
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wITH
N OF TISSUE SUSFENSION BY EMULSIFICATION
RG 3. PREPARATIO! MORTAR AND PESTLE

¢
By ey e e erars Sieate Coner 05 BHEV.PHY )

States Deparement of Health, Education and Weifure Public Health
Duluent

The choice of diluent may be left to the user butitis preferable to use an
1sotomic salt-concentration. Hawever, mice have beea known to withstand
easily an intracerebral moculatron of stenile distilled water  The following
diluents may be considered m order of their availabihty .

(@) 4 physiologieal salt solution contaiung varymg amounts of ammal
serum (107,-50% concentration) This is by far the most common diluent
used It should be carefully ascertamed, however, that the donor ammal
has never been vaccinated against rabies It 1s therefore usually advisable
to avoid the use of dog, cat, or cattle serum  Normal sheep serum seems
to possess some “ antiviral ”* properties which are absent 1o rabbit serum.
Thus, 1f 1t 15 avanable, the rabbrt should be considered as the first source
of blood Tt 15 preferable to mactivate the serum for 30 nunutes at 56°C
before using 1t as a component of the diluent Dylucat contarmng serum
can be steribized only by fltration throngh bacterta-retaming filters
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(&) Other diuents:
(i) skimmed milk
{(1i) albumin solutton in a balanced salt concentration
(iti) physiological salt solution with distilled water

These are not particulatly recommended, although rabies virus seems to
be relatively non-susceptible to the inactivating action of salt solution, in
contrast to such viruses as castern or western equine encephalomychts

Note: If a tissue suspension has been frozen and stored, a 507 serum:
water solution should be the preferred diluent.

Bacterial sterility

There 1s no need to add antibiotics to suspensions of bran tissue if the
material has been handled with reasonable precautions at the autopsy.
and dispatched in a stenle . A 50% glycerol solution is highly
recommended for presersing the material since, m addition to its presens
ing qualities, it exerts a strong bacteriostatic action (see section 2, page 3%
If there is any doubt, however, it may be safer to add enough streptomci
and penicillin to the suspension to obtain a concentration of 2 mg of
streptomycin and SO units of penrcilltn per 1 ml of the final suspension.
If antibiotics are added, 1t is best to let the suspension stand for at least
30 mnutes before inoculating the animals.

It 1s always adwisable to add antibiotics to suspensions of salvary
glands  Regardiess of the addion of antibiotics, the salvary-gland ussie
suspenston should always be cultured for possible bacterial conlamm}lllon-
Beef-nfusion broth, thioglycollate medium, and blood-agar are considered
to be good culture media for this purposc. If bactenal growth is observed,
an attempt should be made to :dentify the bacterial agent. 1f the results
of the mouse noculation test are equivocal (see page 67) it may be adws:
able to test the pathogenicity of the bacterial contaminant for mice injected
ntracerebrally

Concentranon of nfected tissue in the swspension

This 1s opuonal. If the suspension is for storage, it if advisable 10
prepare a 20°, suspenston by weight. The weight of the tissuc 1n gm::
multiphed by 4 gives the correct amount of diluent in_mnlhlum to |
added  Howeser, 3f the suspension is to be used for inoculsting mice

brally, a 10°] susy by weight should be given prrfcr:nct“-
Fither dilute the 207, suspenston by adding an equal solume ot: dﬂucn;
or prepare the suspension by muluplying the weight of ussue in gram
by 910 order to oblamn the required amount of diluent jn millilitres.
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FiG. 3. CENTRIFUGATION OF TISSUE SUSPENSION

-—- — - q

By courtesy of US DIFW.PHS-CDC
1000 rpm for 5 minutes

FIG 4 APPEARANCE OF CENTRIFUGED TISSUE SUSPENSION

By courtety of US DHEW-PHS-CDC
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In attempting to isolate certain strains of rabies street virus, the * self-
sterilizing neuro-infection ” phenomenon may be very occastonally sus-
pected, and in such rare cases it is advisable to dilute the tissue suspension
more than 105 (see page 67-68).

Centrifugation and filtration

If the equipment is available, 1t is advisable to centnfuge the tissuz
suspension for 5 minutes at 1,000 revolutions per minute (r.p m.) m order
to remove the gross particles (see fig. 3 and 4). However, if ro ceninfuge
is available, it 15 perfectly feasible to inject mice ntracerebrally with &
107 uncentrifuged brain suspension. Salivary-gland suspensions, if uncen-
trifuged, must be filtered through one or two layers of stenle gauze in
order to prevent the death of the animals from trauma.

Tnoculation of Mice
Choice of synnge

Syringes should be chosen which can measure accurately 003 m!
(single mouse dose). Thus ¥/;-ml tubercultn syringes should be constdered
first, followed by 1%-ml or I-ml tuberculin syringes For intracesebral
tnoculation, 27- or 26-gauge (0.40-0.45 mm) needles 1-1.5 cm long should
be selected. Larger-gauge needles cause trauma to the brain substance.

Anaesthesia

1t 15 strongly recommendcd that mice be anaesthetized before they are
wnjected . mhalation of ether 1s the best form, A baltery jar with a s¢-
cially fitted wire bottom may be used for the purpose (fig. 5). 1M no such
device 1s available, pentobarbital sodim injection should be considered.
1t 15 a good procedure to have the work-table used for mouse inoculation
drawn well away from the wall, so that an assistant can ethenze the mice
from a position oppositc the operator.

Inoculation technique (sce fig. 5)

There are as many methods of lation as there are ga!
The present author 15 right-handed and prefers the following technique.

Anaesthetized mice are laid on the left side, the legs pointing towards
the inoculator  With the thumb of his left hand, the moculator supporis
the lower jaw of the ammal, with tis index finger behind the shull of !ht
amimal  Pressure should be very shght in order to avord the asphyriation
ard death of the amimal  In hus ight hard, the iroculator holds the syfir®
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FIG 5. INTRACEREBRAL INOCULATION OF MICE

m a horizontal pesition paralle! to the table surface and perpendicular to
the head of the mouse, with the needle pointing towards the jnoculator,
With a quick thrust, the needle 1s pushed through the skull of the animal
at the place which can best be described as the apex of an smaginary angle
of which the arms pomt to the ammal’s nght eye and night ear. The needle
easily penetrates through the bone and should then be further inserted
for about 0 1-0 2 cm 1nto the bramn ttssue When the mnoculator uses a
1 5-cm needle, he should be careful not to penetrate too far since he may
then end by giving the injection 1nto the base of the skull The plunger

1s pushed to the next 0 03-m! mark and the needle 1s then gently withdrawn.
For

move the mice away from the
' the noculated mice to the
h may result mn catching a

The inoculated mice are immediately placed 1n a can or box previously
prepared and identified by a tag bearmng the mouse-group number or
any other particular 1dentification mark. If a large senies of moculations
1s made, 1t 15 worthwhile checking the number of iving mice in each senes
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after the entire experiment is finished. If any animals are found dead, an
cqual number of living animals should be inoculated and added.

Under no condrtions should the same syringe be used for inoculztion
of two different suspensions. If an adequate number of stenle syringes
is not available, each syringe should be boiled between inoculations, ard
care should be taken to let 1t cool before filling it with inoculum,

Tt is well alnays to use the same rigid precautions to establish good
habits in virus work. For example, the rapid emptying of a syrnge 18t
a pan of water will produce an acrosol which can cause inhalation tnfec-
tion in the operator, or the animals with which he is working, if the discase
can be transmitted by such exposure. Virus may be spread from table
to hands, and if these are not washed properly it is possible to contaminate
subsequent specimens during grinding of tissue in a mortar—for example,
virus may fall from the hands or sleeves into the mortar. Mice kid on
the table after ethenzation may awake and hasve to be put back in the
ether jar, thus contaminating 1t. Should other studies be carned out using
the same ether jar, virus may be deposited on the heads of normal mice
and be carried into the brain by the inoculation procedure. The work-
table must be considered contaminated until washed with soap and watef.
Dilute bichlonide of mercury is a good disinfectant for table tops. Cresol
and phenol solutions are no better than water for the most common virus
contaminant of mouse tissue, namely, the mouse encephalomycliis virus,
and several other viruses; phenol has no appreciable vincidal action on
rabies virus

When tnoculation of all the mice is finished, the syringe and needle
may be rinsed 1n water, provided this is done gently with the point of the
needle well below the surface of the water in the steriltzation tray. Stenhuze
all syninges and needles by boiling for five minutes.

Observation of Inoculated Mice

Although rabies virus will only rarcly cause signs of iliness in mice
before the fifth day after bral lation, 1t is adyisable to check
mice daily, begmning with the first post-inoculation day. The number
of mice found normal, sick, or dead 1s recorded on a mouse-history card
tsee fig 6) which remans on file as a permanent record of the expenment.
The observation period should cxtend for a minimum of 20 diys after
inoculation. Only rarely will rabies virus be detected 1n the noculum
fater than 21 days after the inoculation,

The following signs may be noted

{a) Roughing fur, (5) tremors when held 1n the air by the tat
parr of forceps. () lack of co-ordmation of hind legs—note gart when

twith 3
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placed on fable and made fo move; {d) paralysss, (€) prostration {near death),
Letter symbols denoting the different signs are recorded cach day on the
mouse-ustory card.

FIG. §. MOUSE-RISTORY CARD

N Bew Vi

St tanogy Prapareon

Vorumy Dinton
Tt 1

y
F
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<
y
&

Crecred by |

Age at e Soure

WET

Deaths in mice occurning 2448 hours afier intracerebral {nocylation
are atirsbutable to causes other than rabies virus {trauma, bactenal con-
tamunation, other viruses). For dagnostic purposes, one or two mice may
be sacrificed each day, begmming on the fifth day, and 2 search
made for Negui bodes, Frequently, an early diagnos:s is thus obtained,
patticalarly in instances where certawn strams of street virus mght take
between 1 and 3 weeks to kill the mice

Naote  Chmcal signs of siiness 1 moculated mice cannot be considered
charactenstic of rabies  Although signs of paralysis 5 days or mose after
moculation may give grounds for suspectng the presence of rabies virus,
the same signs may be observed 1n aumerous other viral, bactenal, and
protozoal infections which tavolve the central nervous system of the mouse.
Defimte evidence of the dentity of the virus is obtamed with the serume
vius neutralization test {see section S, page 69)

Further Passages of Infected Material

If 16145 desired, bran tissue from mice whsch have succumbed to mfec-
tion after snotulation with the orsginal virus may be made into 4 suspen-
sion 25 describied above and stored, or used 1n neutrahization tests, or
woculated nto another group of mice
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may interfere with the living virus, it may be necessary to dilute the ino-
culum ten- or a hundredfold, or even more. There is no rule to determine
when this should be done. Howeuer, il farlure to isolate rabies virus is
consistently encountered in the same species of animal in a particular

hical area, the possib "‘y of an interference phenomenon should
bc scnously considered, and tissue suspensions should be diluted beyond
10%, concentrations.




Section 5*
SERUM-VIRUS NEUTRAUIZATION TEST

If praperly executed, the serum-vitus neutralization test co{mitutcs one
of the best proofs of 1denty of rabies wirus. Ahthough the mh:fcfﬂbra\
type of neutralization fest is less sensitive than a test in which injecion
15 catried out 1n mice parcaterally, it is impossible to apply the }auer test
1 identifying rabies virus, simce the virus has very low imasive power
when injected parenterally m mice  This test will be desenbed as though
attempting to identify 2 vitus recently isolated from the field, .Hmwvcr.
the technique may be applied to any neutralization test soutinely per-
formed in the Jaboratory.

Choice of Mice

The same cnfena should be used as those described for the mouse
moculation test (see section 4, page 56)

Preparation of Virus Suspension

Usually the first mouse passage of a vicus in the laboratory can be
wsed a3 the source of wmfected matenal  However, 1 some mstances the
concentration of virus Is too low and the test wili fail, because too small
a number of mice injected with a mixture of virus and normal serum wall
die of the infection, In such cases, the second or thied lzbaratoty passage
m mouse bram should be used The prepasation of the mouse-brain
suspension should follow the technique described in section 4, page 57,
except that 1t may be more consement to prepare 2 207 suspension by
wesght of infected nssue. Also, the use of 109 normal-serum: physio-
topicat-salt-sol or 10Y lserum  dhstiled-water-so as
duluent may give more umform results than other diluents.

Storage ef Virus

For certarn techmcal reasons it may be advisable to store the virus
before 1is use 1n the neniralzation test Severa) methods may be recom.
mended for the preservatton of the rabies virus  The best 1s to keep the

> Contmbuted by Hitary koprowsks Assisiant Direstof Vical and Ryckets
et ey Do Rmerton o Compant piid Bt G Pyt
ctoan §
WOt B, Jonason. Ingtnurianal” Health Division, Rockifelles ¥nsotute for Medheal
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morning and have food removed from the cages the mght before so that
clear serum will be obtained. Immunization of guinea-pigs should be
carned out with guinea-pig bram virus The use of mouse-brain virus
may resuit n the p of antibodies to mouse p yelity
virs of 1 13 present as a contaminant in the mouse-passage steain. ‘This
may lead to a false inferpretation of the results of the specificity test.
Immuae serum from guirea-pigs, prepared as described above, may also
be used for the complement fixation test. Rabbits are also suttable animals
for prepaning immune serum (see section 6 (B), page 85).

Performance of the Test
Serum

Prepare two rows of stenle 12 % 75-mm tubes, each row contaimng
five tubes, With a wax pencil matk each set of tubes 107, 10, 107,
10, 107, Mark one set with letter N {normal serum) and the other
with letter I (immune serum) In each tube of the set marked N, place
0 2 m! of normal serum, measured from a 1-ml pipette calibrated in 0 01 ml.
Do the same with the set marked I, using immune serum, (Use separate
pipettes for each serum )

Virus

Prepare a set of 12 x 110-mm tubes, also marked 107 to 10, Leave
the first tube empty , into each of the remaining tubes pipette 2.7 ml of
diluent (preferably 10, normal serum  physiological-salt-solution. Into
the first, emply, tube marked 10, prpette the previously prepared
20% suspension of snfected mouse bran  Transfer 0 3 mi of this suspen-
sion into the tube marked 107 and mix it well with the diluent, using
another pipette (1-ml), by blowing the fluid back and forth about 12 times,
Followtng that, transfer 0 3 ml 1nto the tube marked 102, mix well, etc ,
as before,

Measure 0.2 ml of the contents of the tube marked 10! into the tube
contaimng normal serom (N-10-') and then 0 2 m! nto the tube contain-
ing immune serura (I-107). Follow the same procedure with the remaiming
ditattons of virus, usng a fresh pipette for each dilution

Shake the rack well and place 1t 1n either 2 water-bath or an mncubator
set at 379C for one and a half houss.

Note In preparing serial dilutions 1t 15 essential to use a fresh clean
Pipette for each transfer  After transferring the desired quantity fo a
subsequent tube, the fresh prpette should be used for miung, and then
for transfer to the next tube A routine should be established whereby
the tube to which the virus has been added s set apart from the other
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tubes in the rack before mixing. Mixing is accomphshed by filling and
emptymg a 1-ml pipette about 10 to 12 times; avoid frothing. A ret

error with inexperienced technicians is to transfer without
mixing, or to skip a tube and so fail to carry on any virus.

Under no circumstances should titratton be attempted if sufficiert
prpettes are not available for changing with each dilution, because the
titration will be meaningless. By titration with a single pipette it is pos-
sible to obtain infection in mice with 10717 dilutions, etc., because a ik
tissue virus keeps coming off the inside of the pipette. This may be illus-
trated by diluting methylene blue in tenfold steps using a single pipette.

Inoculztion of Mice

Remove the tube.rack from the incubator or water-bath and place it
in a tray confaiming water and ice-cubes. Inject the contents of cach f"b':
intracercbrally into six mice (0.03 m! per mouse) following the technique
described in section 4, page 62. The series of mice receiving the immune-
serum : virus mi should be inoculated first, One tuberculin syringe
may be used for the immune-serum series and one for the normal serum.
However, 1n that case start the inoculations with 10 dilution and procecd
backwards to 107! dilution. While changing dilutions, always nnse the
syringe with the “ new ™ dilution before filling it up. Be certain 10 hae
six Ining mice mnjected with each dilution at the end of the test.

QObservation of Inoculated Mice
Follow the procedure described in section 4, page 64. Terminate !h!
test on the 21st day after moculation unless the presence of contaminating

mouse encephalomyehiis virus 1s suspected (see page 73). If untform
mortality ratios are observed, the test may be terminated on the 1th day.

Calculation of Results

Hypothettcal results of a typrcal test are summarized below

Martalur ratio of mice mocalared LD Mome LD
Serum serum and dilutions of virus S RAp
10-1 1o~ 10-3 10-¢ 104
Normat 66 66 66 46 06 10-1 13 -
Immune 66 26 06 06 06 10173 et

* Sec section 11, page 111 for loganthmss cateulations
t Artloganttm of 25 the difference between 4 25 and 1 74
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Interpretation of Results

17 100 LD, of more of virus is neutrahzed by the serum, the identty
of the virus 1s established. In case of equivocal results it is desirable to
repeat the test, Sometimes neutralization of 75 LDy, of virus may be
considered to be a sufficient criterion of identification.

1f the rabies virus has been lost and replaced by another wirus the titre
will be the same 1 the control and rabies-immune serum groups. Viruses
1solated or maintamed in mice are hable to be contaminated by mouse
encephalomyeltis virus, and this virus may be passed in series with yabies
virus, Most strains of mouse encephalomyeliis virus are apt to produce
symptoms somewhat earhier than the rabies fived wirus, that is, on the
second or third day Mice showing symptoms at this time should be
suspected of harb mouse phal wvirus, and brain trssue
should be taken for microscopical study and for subpassage. So-called
“ highly invasive ” strains of mouse-passage rabtes virus which overwhelm
immunity produced by vaccmation with rabies vaccme must be checked
for the presence of mouse encephalomyehtis virus. A single subpassage
through rabbits will remove the mouse disease.

The inoculated mice should be held for at least 30 days, as mouse
encephalomyelitis virus, 1f present, may produce paralysis three to four
weeks after anoculation It 15 difficult to 1solate virus from mice that
develop paralyss at (fus time 1f they are mfected with the mouse encephalo-
myelitis virus. The mouse phalomy virus 1§ ined best by
subpassage at three-day mtervals The mouse disease virus is not apt to
be present 1 high titre

Testing of Half-Log Dilutions of Virus

For cerfam studies 1t may be advisable to include half-log dilutions of

virus, When prepanng the usual tenfold dilutions of virus (1 ml plus 9 ml
QINENY <t nn altarnate & has aacse = = A Te 1 e 10

L part 1 316 or helflog) Do not mix the half-log dilutions vntl ‘the
tenfold dilutions have been prepared Then take a clean Pprpette and,
beginning with the highest drlutton of half logs, transfer and mrx successively
throughout the series to the most concentrated tube, using the same pipette
It 15 also possible to mix the haif-dog dilutions 1n a flask wth rotanon
agitation without usmg a pipette
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Modification of the Test : Dilutions of Serum with Same Virus Concentratios

If the titre of the virus is known beforchand, the test may be modifid
by the use of a constant dose of virus representing approumately 100 LD,
per mouse dose when mixed with an equal amount of serum  The procedure
is similar to that described above, except that the serum is to be difuted
instead of the virus. This test saves mice, since it is not necessary to us¢
more than one dilution of normal serum. The immune serum may be
diluted tenfold or fivefold, depending on its previously determined neutra-
lizing potency. This 1s a more sensitive test than the virus dilution test
but it has more applcation as a standard laboratory procedure than asa
method of identification of an agent of unknown titre. It is particularly
useful in determuning relative titres or potencics of serum samples.
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Section 6*
PHENOLIZED VACCINE: SEMPLE TYPE

A. SHEEP-BRAIN VACCINE:
METHOD OF INSTITUT PASTEUR, PARIS

General formula for vaccne

- P S

Rabies strain employed

The stram employed 15 the Institut Pastevr fixed virus (Lowss Pasteur
stram) 1solated on 19 November 1882, which has been maintained solely
1n the rabbit since that date  On ats 90th passage this strain was used for
the first human immunization (6 July 1885) and since then it has been
constantly employed at the Institut Pasteur in Pans for immunization
purposes. The behaviour and charactenstics of the stram are periodically
evamined and have formed the subject of much research. At the present
time, titration of the stramn 1n the rabbit shows that a 1 15,000 dilution
of the fixed wirus kills rabbits s1x times out of seven, whereas a 1. 16,000
difution kills them five times out of ten, a 1- 17,000 dilution rarely kills
them, and a 1. 18,000 dilution, never.

Smce 1 Apnl 1952 the Pasteur strain, which formerly was continually
passed in the rabbit, has been regularly passed once 2 month. For passages
of the stram, at least two rabbits with a mmmum weight of 2 kg are wocuta-
ted ntracerebrally with0 25 mlof a I 10 suspension of braintissue prepared
from the preceding passage (the brain 1s kept m glycerol at 4-5°C), The
rabbits, which are paralysed on the sixth day, are sacnficed by bleeding
on the seventh day. The brams, which are extracted under stenle condi-
tions, are subjected to J sterility tests, histols
for the detection of typical fixed wirus lesions (sce colour plate, fig. 6, 7,

* Contnbuted by Prerre Lémine (Chief and R Beawanon Virus Sec
Pans, France (A0 and Maron M- Kaplan -Cuet Velarinacy Publo-Health, Ofeont asieur:
of Communicable Discases Services World Health Orgamization, Geneva, Switzériand (8)
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and 8, facing page 40) and titration of the virus by inoculation of a dilte
suspension of fresh virus into rabbits.

Immediately after removal, the brain is placed in pure, stenle glycerol
and dispensed into wide-necked bottles. Labels indicating the number of
the rabbit and of the passage are placed on all bottles, which are kept 1
the refrigerator at between +2°C and +5°C.

By 1 June 1953, the Pasteur strain had undergone 1,908 passages smet
its isolation.

Preparation of inoculation virus

For inoculating sheep the last passage of the strain is used, ie,2
brain from the regular series of passages, kept in glycerol in the refngerator
for more than a week but less than a month. A fragment of brain s remosed,
rinsed under stenle conditions with sterile distilled water, and werghed
It is then ground up in a chilled mortar so as to obtain finally a 1:10
emulsion of brain (by weight) in physiological salt solution. Thisconstitutes
the inoculum. Each sheep is injected ntracerebrally with 0.5 m! of the
inoculum at one point of the brain, using the techmique descrited befow.

Preparation of sheep

For vaceine purposes only young sheep in good health are used. The
average weight of the animals is 42 kg, and the brain of such n'mm’“
weighs about 80 g. The amimals are shorn and kept under observation for

FIG. 1. TABLE FOR RESTRAINING SMEEP FOR INTRACEREBRAL INOCULATION

i
e T g Tl
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FIG. 2 SITE AND TECHNIQUE FOR TREPHINING OF SHEEP

three weeks and all animals which do not appear to be completely normal
ate eliminated

On the day before moculation the head of the sheep 15 shaved and the
skin then disinfected by vigorous brushing with a brush steeped 1n cresyl
solution The skin of the skull 1s then painted with tincture of 1odine
This last procedure, which 1s carried out n the morning and evening,
15 tepeated on the mormng of the next day At the time of noculation the
shaven skufl of the animal has thus been disinfected with cresyl and with
three apphications of tincture of 1odine.

The ammal 15 taken to the moculation laboratory and smmobihized on
aspectal table (see fig 1) The sk 1s held taut by an assistant, and trephin-
ing performed, without a previous ncision, using a trephining dnll with a
point 13 mm long and 2 mm m dameter (see fig 2) The pomnt of the
instrument 1s directed towards the lateral-external region of the left hemi-
sphere of the brain (lateral face of the frontal lobe) As mentioned above,
¢ach animal receives 0 5 mi of noculum 1n a single Imjection

Several sheep are always noculated duning the same session, the usual
number being exght sheep per session  The sheep show the first symptoms
of rabies seven to eight days later, and all are sacnficed on the ninth day
when they are already lymg on their side but still aive The animals are
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FIG, 5 EXTRACTION OF SMEEP BRAIN

Left—sterile Pyrex-glass Jar in which brsin is kept af low femperaturé

cooled by a jachet filled with crushed ice. Two brams at a ume (about
160 g of brain) are placed in the apparatus. Grinding is performed \\'nhom
diluent, with the machine running at full speed for a penod of four minutes.
A small amount of stenile physiological salt solution 1s then added. ARer
having allowed the blendor to run for three minutes to ensure that the
mivture Js homogencous, samples are taken for the control culture and
the final dilution 1s made 1n large Pyrex containers holding five Iitres.

The diluent consists of sterile phystological salt solution which is l‘h‘“o:
fized at the time of use. To do this, a 534 solution of pure phenol 18 made

with physt 'eercal salt solution and 1s difuted immediately befare use in
jon of vaccnt

the propor'::  necessary to obtain the final concentrat A
The proport .1+ are calculated according to the waght of the brains a3
follows
Sheep e un L e 1e
Stenle p' v efopreal salt solution 16 m!
4ml

5%, pher  n physiological salt solution
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The vaccine mixture fs agitated and then left for 24 hours in an oven
1t 22°C. On removal from the oven, the vaccine is immediately dispensed
into S-ml ampoules. 1t 15 essential for the mixture 10 be absolutely homo-
zencous so 4s to ensure that the quantity dispensed into each ampoule is

¥1G, §. DISTRIBUTION INTO AMPOULES OF ANTIRABIES VACCINE

Note turbo.stirrer Immersed In vaceine auspension which #nsures
ispersion of wirus durlag dlstabution

exactly the same  For this purpose 1t 1s necessars i
'y to keep the vaccine
stirred during the process of fillmg nto ampoules” In order to do ths,
:peml adapters and shafts of an electric turbo-stirrer are used. The slain:
less-steel shaft (zbout 35 ¢m long), turbine, and adapter can be detached
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from the driving motor and stenlized in advance. The turbo-stirrer has
the advantage over ordinary strevers in that it ensures a much more homo-
geneous mixture without frothing. In this way unlimited quantities of vaccire
can be filled into ampoules with the certainty of rigorous homogeneity and,
consequently, of correct dosage (see fig. 6).

The vaccine ampoules are kept for at least a week at between +2°Cand
+5°C before being sent on to the packing service. During this minimun
period of storage, which completes the inactivation of the virus, the final
control of the vaccine is carried out.

Final control of svaccine

Before being distributed for use, the vaccine undergoes the following
tests *

(1) Stenlity test, as deseribed above,

@1 test, by i bral inoculation of the rabbit.

(3) Potency test. For this test cither Habel's method (see sectrons n
and 12, pages 112 and 116) is used or the rabbit control test dfscﬂkd
by Béquignon & Vialat (see section 14, page 125). A rabbit weighing 2hg
recenves the vaccine sub ly for ten ive days at the rte
of 2 ml per day, On the 30th day 1t should be protected against the intra-
cerebral inoculation of a fixed-virus dilution of 210,000

Furthermore, from time to time vaccine samples are subjected to at
additonal control consisting of the assay of the dried extract and of the
phenol, as well as determination of the pH.

Period of use

The vaceme can be used duning a period of fise months dating frf"‘
1ts distribution, provided that st 1s hept at a temperature of between >C
and 5°C throughout this time If low-temperature storage cannot be
guaranteed, the pertod of usc of the vaccine is decreased to two of three
months, according to the chimate of the region where it is employed

Phenalized vaccine should not be frozen at any time during its prepas
ratien or S!Ofagt

Method of use

The vaccine s sapplied 1n boxes each contaiming 20 S-ml ampoules.
represenling a complete treatment  In the case of severe bites and hites
on the face, 30 ingectons are recommended instead of the 20 which €02
stitute the standard treatment  The volumes njected are reduced by hatf
in the case of children aged less than 10 years



METHODS OF VACCINE PRODUCTION 85

B. RABBIT-BRAIN VACCINE:
METHOD RECOMMENDED TO MEET REQUIREMENTS
OF UNITED STATES NATIONAL INSTITUTES OF MEALTH*

The following proceduse is recommended to meet the stringent requice-
meats of the National Institutes of Health (NIH) 1n the United States
of America® Horses, sheep, and goats can be and are used instead of
tabbuts for the preparation of vaccmnes, partit ly for vetermnary pur-
Pposes (see section 6 (A), page 77).

Formula of vaccine

The vaccine comprises 20% inactivated rabies fixed virus in phosphate-
buffered saline {(pH 7), 0 25% phenof, 1:10,000 thiomersal (merthiolate).
The NIH requirement for vaccine to be used 1n human beings stipulates
that each dose of the final vaccne should contarn not less than 2 0 m! of
a 5% b pension, or s equi 1n anrother i
The dose of a 20% suspension would therefore be 0 5 ml. With respect
to preservative, 1n addition to the fital concentration of 0.25% phenol,
phenylmercuric borate 1-12,500 or thromersal [.10,000 may be used,
Phenol concentration in the finshed vaccme should not exceed 0 253 for
vacciges contaming 10 or less of brain tissue, and should not exceed
0 4% for vaccines contarmng more than 10%, brain pissue.,

Virus stran

‘The Pitman-Moore strain,? or other suitable fixed virus strain which
through expertence has gnen satisfactory results, should be used

Mamntenance of sirus stram

Virus passage for vaccine production 15 always through rabbit bram,
A seed virus is used for 2ny convement period (usually not more than three
months) as long as full potency 1s maintained as shown by mouse ttratron,
A 257, wirus suspension 1 buffered distilled water (pH 7) s quick-frozen
and stored, preferably m a CQ, chest (~70°C) but at least at below ~15°C,

* The procedure described 18 hiced nn cnomacef 1 -,
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Seed virus must be of sufficient strength to Lifl all mice injected intra-
cerebrally with 0 03 ml of the rabbit-brain suspension in a dilution of not
less than 107,

The purity of the virus strain is tested periodically by titration 1 muwe
against specific antirabres hyperimmune serum which has prosed protectise
against street virus (see section 18, page 139).

Production of seed-virus 259, suspension

Rabies-infected rabbit brains are weighed and then emulsified in 3 parts
of buffered distilled water (pH 7). Emulsification is effected in a small
(200-m! capacity) Warnag blendor for 3 minutes 5 1-m! amounts are placed
in 5-ml ampoules, sealed, quick-frozen in dry-ice and alcohol, and stored,
preferably at dry-ice temperature (=70°C), but at least at below ~15C.

Sterility

0.5 ml of 259 virus suspension is moculated into cach of two tubes
containing 30 ml of sodium thioglycollate medium or other suitable meda
for a 14-day stenility test, including a subculture incubated for seven days
(see page 90).

Virus titration

At least two intracerebral mouse titrations of 107 10‘.‘. and 107
dilutions are performed. The test period is {4 days, and all mice receving
the 10° dilution should dee.

Inoculation technique

From the 25%, suspenston of seed vieus a final 11,000 dilunon of

virus 1s made 1n 2°, normal serum in distlled water. The diluted siru8
suspension 1s centrifuged tn an angle centrifuge (approximately 1,000 £
for 15 minutes, and the supernatant flnd 1s used as the inoculum. A fresh
dilstion 1s made for each day's moculation, and is tested for sterlity 11
thiogtycollate medium

Healthy rabbits weighing 3-3 kg are firmly secured and 02 ml of (h;
inoculum 18 introduced by a stenle 2-mi synnge and 23-pauge 3/847¢
(065 mm | ¢m) reedle through a puncture made in the shull 1.5 e
from the outer cantius of the eye  This 1s usually into the nght htﬂ;"
sphere only although two tmocula of 005 m! cach can be used for ‘l:
two hemuspheres A stainloss-steel awl or a punch can be used to ™3 ¢
the puncture (sce fiz ! ard 2)
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FIG. 1. uge op PUNCH fop mnucnmuul. MOCULATIgy
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Progress of discase in rabbits

On the 4th day rabbits show marked signs of paralysis, which incteae
rapidly to complete paralysis on the 5th (or occasionally as Iste as the éth)
day.

Killing of rabbus

Moriburd rabbits which have shown rabies symptoms for at least
24 hours, and are completely paralysed except for the chest muscles, are
killed by intravenous wjection of 10 ml of air into the marginal vern ef
the ear. Death occurs in from one fo two minutes. The brains from
freshily kulfed rabbits only are used for vaccine production ; animals already
dead from rabies or other causes are not used.

Autopsy

To guard against the use of unsuitable rabbuts, autopsics are petformed
aftter brain removal, The brains of rabbits showing the presence of cocarr
diosis elsewhere in the body are not used because of the chance that
coccidiosis rather than rabies may have caused paralysis. A record 18
made of aff autopsy findmgs.

Bran harvest

The rabbit 1s washed with creolin or another suitable antiseptic solution
Decapitation 1s performed as close to the shoulders as possible ; ll‘w severed
head 1 fastened securely nto a special holder, swabbed with tinctuce of
todine, and taken 1o a *stenle room ** where actual bran removal 18
performed

The skun s sht down the middle of the head and folded back and ihe
exposed top of the shull1s washed with iodine from a small deopper bottle.
The top of the shull 15 then removed with stenle bone-shears, and the
brain 1s transferred with stenle scissors and forceps into a swtable sterile
contamer A smafl prece of the brain issue 15 removed with a steile svub'
trd inocubited o tube of 15 ml of thioglycoltate medium for 2 sterhty
test Brans are stored at 15°C or Jower, pr:rcrably much loucr: unfil
feeded for vacane  Amy brain showing bacterial contamiration i3 diy
carded

Manufacture of Vaccine: 40°, Suspemsion

Erulsif.cation

Frozen brains are weighed and placed 1n a 2-Iitee Erlenmeyer fask 2t
a 40%, suspension in stenle phosphate-buffered sodium-chionde solutiod
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contaming sufficient phenol to give a final concentration of 0.5% (see

under Dilyent belaw)  After the brains are thawed, the ﬂa?k is shaken

by hand until they are well broken up. This partial emulsion is then trans-

e L awo Al o e An w tAcation

- - other

. . . nning

the emulsifier long enough to generate appreciable heat. From two to

three minutes are usually sufficient for a Waring blendor to emulsify the

brains g The iner can be ded with a jacket of
<chipped 1ce and salt to prevent averheating of contents

Diluent

(a) Phosphate-huffered sodium-chlonde solution : prepare a solution
containmg 2 parts M/10 Na,HPO, and 1 part M/10 KH,PO,.

To one part of this solutiop add four parts 0 85% NaCl of pH 70,

(b)) To make a 407/ tissue-concentration contawning 0.5% phenol, add
1o phosphate-buffered saline solution 0 657, of 907, fine reagent phenal
(this allows for volume of emulsified bramn tissue) , make a 403, weight/
volume with the diluent according to weight of the brains.

Note - After phenol has been added, great care should be taken not
to freeze brain-ussue suspensions, either in the concentrated 403, form or

m the final vaccine dilution. Freezing of phenolized suspensions destroys
antigementy

Virus titre of bramn-tissue pool before mcubation

A sample of 407, tissue suspension 1s weighed (because of air content
from action of the mill), diluted immediately, and titrated in mice weighing
1620 g Dilutions of 10*, 107, and 10, representing dilutions of
bramn-ussue centent, are injected intracerebtally and the titre (LDy,) should
be at feast 105 (see section 11, page 113 for calculation)

Incubation

The emulsified vaceme contaming 0 5% phenol 15 brought to 37°C m
2 water-bath for 1 hour and then placed 1n an mcubator at 37°C for about
7210 76 hours (the longer period 15 used 1f the prelimaacy safety test fails)
:he vacaine is agitated mechanically during the entire penod in the 1ncus

ator

Note  The period 1n the incubator required for 1nactivation will vary
with different virus strains and methods of emulsification of bram 1ssue
(fineness of particles) The time required should be established In each
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Iaboratory through experimental trials, ¢.g., intracerebral inoculation of
mice with suspension at 6-hour, or less, incubation intervals.

Dilution to 20%, vaccine

The 40%, vaccine 15 diluted with an equal volume of the stenle phos-
phate-buffered salt-solution containing 1:5,000 thiomersal, to make the
finished product 209 tissue, 0.25% phenol, and I : 10,000 thiomersal

Diluted vaccine is passed through seseral layers of gauze or silk filter
for the purpose of removing any unground particles of brain tissue. A
comsenient batch of vaccine is about 2 litres in volume. It is subjected
to the safety and sterility tests described below, and 1s stored at 4:6C.

Sterilization

A sterility test of the finished vaccine is made 1n sodium thioglyvollste
medium or other standard media. Ten mi from each bulk container of
vacaine is divided into 3 portions and inoculated 1nto 3 bottles each con-
taining 225 m! of medium. The test is mixed and placed in an mculu‘wr
at 31°-320C. The medium is mixed carefully after a 48-hour incubatic
period. Tests are observed each day for 7 days for bacterial growth. At
the end of 7 days the bottles are mixed carefully, and 1 m! from exch bottle
is lated into tubes ining 40 m! of fresh sodium thiogheoliate
medium. Ongmal bottles and subculture tubes are incubated for anothet
7 days  Any vaccine showing contamination is retested, using a double
volume for the test,

Safety test

Immeduately after dilution and at the time of stenility 'luxm‘_.';:
a 2-ml sample 15 taken for the ntracercbral moculation of 5 mice W "
2 003-mi dose At Jeast 3 of the 5 mice must survise without symptor
of rabies

Final batching

The final mixure 15 made after the end of the preliminary safety testy

o after reancubatian of the vaceine at 26°C if at least 3 of the miee tested
have not survived the prehminary safety test  Batches are combined in %
bottle of adequate stze for filling ampoules.

Samples are taken for the following tests

Arahtical aviars

A sample of finished vaceine 1s re-incubated for 24 hours at J;“Cd:i’
ensure the hilling of the vrus, and the following determmnations afe mIce:
total soltds, phenol. pHl, and thiomersal,
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Stertity

Test performed as desctibed under Sterilization, page 90.

Innocuity

Not less than 2 rabbus and 2 mice are used Each rabbit 1s injected
intracerebraily with not less than 0 25 ml and each mouse (weighing 18-20 g)
with 0 03 ml of the vaccine contaming not less than 5% of brain tissue.
All test animals are observed for not less than 14 days, during which time
each animal must remain free from symptoms of fixed rabies or of other
central-nervous-system disease.

Final standardization to mect NIH Requrements
Potency : (see section 13, page 117).

Safety: A safety test 15 made on the contents of a final container
selected at random from each filng of each lot, or portion of a lot  The

.- N )

death At least 2 amimals of cach species are used, and the observation
period 1s not less than 7 days,

Dating

The expiration date 15 not more than six months after the date of
manufacture ot date of 1ssue, For dating purposes, the date of manufac-
tute may be considered as the last date of pasung a satisfactory potency
test The date of 1ssue may be three months after the date of manufacture.
The product 15 stored at 20-59C at ail times, Freezing of phenolized sus-
pensions should be carefully avoided



Section 7*
ULTRAVIOLET-LIGHT-IRRADIATED VACCINE

Principles and Mcthods

The ability of irradation by ultraviolet (UV) encrgy to cause bactenal
stenlization has been known for several years, but the effectiveness of
UVanactivated microbiological antigens as vaccines is a more recent
apphication of that hnowledge,

UV energy has little ability to penctrate biological substances since it
1s absorbed rapidly. Therefore, for effectine exposure, the material being
srradiated must be presented to the incident UV rays in a very thin film
The present practical usc of UV-irradiated rabies vaccine became posuble
only after the development of apparatus which would accomplish this
thin-film type of exposure. It 15 also well known that as the amount of
UV energy absorbed by biological material i the degree of chemcal
change 1n that material increases, so the length of exposure must be 88
short as possible while accomplishing the purpose of nactivation, Olh":
wise breakdown of the antigen will occur. The biological effect of UV
1read on viruses 1s for all f | purposes, and once
this tmmediate effect has taken place, no further action ensues. There
no evidence that any secondary by-products are formed in the irradranon
process which would subsequently be deleterious to the antigen.

Besides the necesstty for a controlled length of exposure and for the
materal to be irradiated 16 a thin film, the practical production of large
volumes of vacaine requires that the apparatus used should allow for 2
continuous flow of the antigen susy through the equip Although
quartz 15 a good conductor of UV energy and has been used etensnel)
for making various types of container in which an antigen could be exposed.
i general an apparatus destgned to chminate the passage of the UV rays
through quartz gnes more efficient radiation. Ease of operation ard the
use of en casily availible ncypensine source of UV arc, of coursc. other
desirable features of any pracucal arrzdiation apparatus.

* Carmmtated by hart Hane' ¢ bl Lahoratory of Tnfectious Discases Not weat Mt
prolgaal Joarute Puntc Hea' = Seriee Betheeds MY LSA

.92 —
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Apparatus

Several types of apparatus have been desigoed which in some way
incerporate the principles listed above. Two types are available commer-
cially in the United States of America and both have been proved to be

F1G. 1. CONTINUOUS-FLOW UV.EXFOSURE APPARATUS

e f A e ————————y
3
l

A dye solution Is being sed for ilfustrative Purposes

satisfactory m the production of potent rables vaccines The * pdl»
apparatus ! employs 2 standard high-energy germictdal lamp that has a
long cffecttve Iife, and 15 easily available and relatively inexpensive. The
* Oppenheimer-Kettenmg ™ apparatus * uses a special highly efficient lamp
which 15 more expensive

% Dl [rradiator, 3 3 Dt Co . 1302 Biby Road Kalamazoo, Mich  USA

ny Us:
Oppenheimer Kett v 2
Stren RGpmer Ketterng OV ”iimaguator Michacl Recse Research Fourdition, 29th
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However, the construction of the type of apparatus of which the Dl
hi dificati hed by any modern machine-shop

isa canbe f
from basic materials that are readily available and not excessively expensive.
The shop-made model used in our laboratory consists of a long hollow
metal or glass tube, preferably of stainless-steel, so that the mner surface
over which the virus suspension flows 1s very smooth and casily cleared

FIG, 2, INTAKE END OF UV-EXPOSURE APPARATUS

This tube 15 of such dimensions that a germictdal lamp susrcndcd through
the centre of 1t will have one centimetre of clearance from the inner wall
This tube s fitted 10 shide smoothly nto an outer, more sturdy, tube made
of brass, which 15 mounted 1n bearings at each end. These 1ubes are (@
be rotated at a speed betwcen 500 and 1,000 revolutions per minute (£ p 7 >
50 a driving force must be apphed. This may be accomplished by a pear
or belt-drive. but 1n our own apparatus it s achicved rather simply bY
making the outer brass tube the armature of a small AC motor of the type
used 1n electric fans  For jong runs m large-scale production this may
result in greater heating of the tube
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i d of
A suitably destgned collecting-cup fits \xgh_ﬂy m”dv\_: ‘.!lsfﬁ‘f'_‘i‘.ff'n., '(:

FIG. 1 COLLECTING END OF UV-EXPOSURE APPARATUS

inner side of the rotating nside tube, where 1t 1s immediately spread in a
film approximately 1 mm i thickness which progresses the length of the
tube The film 15 thus continuously exposed to UV hght and 1s collected
through a closed contexion mto a flask at the opposite end. A burette
of mverted flask may be used as the ongmnal reservorr of virus suspension,
and 1s connected to the intake-needle by rubber tubing with a valve for
adjusting rate of flow nserted 1n the line 2 (see fig 1-3)

* Bluennints of this anparatus are available from the author at National Instit
Health, Brthesda, 14 Md, USA ' ututes of
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However, the construction of the type of apparatus of which the DI
machine is a modification can be accomplished by any modern machine-shop
from basic materials that are readily available and not excessively cxpensive
The shop-made model used in our laboratory consists of a long hollex
metal or glass tube, preferably of stainless-steel, so that the inner surface
over which the virus suspension flows 15 very smooth and easily cleaoed

FIG, 2, INTAKE END OF UV.EXPOSURE APPARATUS

JESSEBIERERAS 4+ 4

This tube 15 of such dimensions that a germicidal lamp susper
the centre of it will have onc centimetre of clearance from th
This tube s fitted o shde smoothly into an outer, more sturd;
of brass, which s Tounted 1n bearings at cach end. These
be retatedat 1 sp o+ d between 200 and 1,000 revolutions per min
50 a dring fore 1 ust be applied. This may be accomphishe

or helt-drive hur i pur oan apparatus it 1s achieved rathe
maksne the o «r brass tuh, e armature of a small AC moto
wed i elzutn fans For ane runs in large-scale productr

FesLitin srelle a4 odtine v, pghe
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times the minimum inactivating exposure is necessary before any marked
drop in antigenic potency occuts.

Viras Emulsion

All the factors of mportance in rabiesvacane production by any
other method of inacuvation are of equal importance for material to be
irradiated. The virus titre of the origmal emulston should be as high as
possidle, but variations of as much as one log 1n the titre w1l not noticeably
change the necessary exposure-time. Since UV light will not penetrate
brological materials to any appreciable depth, 1t is quite important that
the emulsion be a umiformly fine one. To ensure this 1t is desirable to
screen the emulsion through several layers of stertde surgical gauze or a
wire screen.

In general, a $% whole emulsion of infected nervous tissue 15 used
with the irradiation equipment, but no difficulty is encountered in inactivat-
ing susp up to 10%; n

Preservation and storage of wrraduted raceme

Ifsrradiated vaccine 1s to be kept in the Irqued state before use, a chemical
preservatine should be added Thiomersal (merthrolate) at a 1. 8,000 dulu-
tion, or 0.25% phenol, appears to be superior to formalin. trradiated vacaine,
because 1t containts no substance in atself deleterious to viral antigen, may
e kept fiozen or may be dned from the frozen state. The latter process
of freeze-drying will cause an immediate drop 1n immunizing potency,
but the vaccine will then hold that potency indefinitely sf sufficiently dry.

Testng of uradiated raccine

Qtambiber soFase  — 3o PEPEE S N

tore consistently by the icradiation method than by any other method of
wactivation There 1s no evidence to date that the incrdence of post-vaceinal

complications 18 any greater after the use of wraduated vactine than with
other types

Steps i an irradiation run

(1) The iner tube is cleaned with soa,

p or detergent solution, thoroughly
nnsed, and then cleaned with ether,
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(2) The apparatus is assembled, and the UV lamp inserted through e
tube ard clamped into its sockets.

(3) The collecting end-prece, which has been autoclaved, 1s conrectad
to the apparatus and, through sterilized rubber tubing, to the collect -2
flask,

{#) Two reservoirs, one with stenfe distilled water and one with wrs
emulsion, are connected by a Y-tube to the rubter tubing going to e
mtake-needle through a flow-vahe,

(5) The imtake-needle is adjusted to direct flow agaist the wrer sée
of the rotating tube, and is fixed tn that position.

(6) The UV lamp is turned on for 5 minutes to stenize the msde of
the rotating tube, the motor of which has been started.

(7) Distilled water is run through the apparatus to wet-down the tek¢,
and the flow is adjusted to the desired rate.

(8) The flow of the distilled water is stopped, and that of the ur:‘
emulsion started. The rate of flow 1s rechecked, As soon as the ere oh o2
aprears at the collecting end, a fresh collecung flask 1s attached, ard “d o
of the run started. The time 15 agamn taken at the end of the run, ard t
volume of collected emulsion 1s measured.
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CHICKEN-EMBRYO VACCINE

At present the Flury? and the Kelev! strains of rabues virus adapted
to and modified in the developing chicken embryo are used for the produc-
tion of chicken-embryo rabies vaccines employed m the prophylactic
immumzation of dogs.® Vacaire made with the Flury strain has been used
ona worldwide basis and therefore the description of the production proce-
dure will be mainly confined to the Flury-strain vaccine. The same prin-
cples, however, are followed in the preparation of chicken-embryo rabies
vaceine with the Kelev strain

The Flury-strain vaccine for dogs tef the 401h-50th egg-f £
level of the virus, At this egg-passage level the Flury virus 1s fully
virulent by the intracerebral route for mice, cotton-rats, hamsters, and
guinea-pigs, while rabbuts are more fesistant. Hamsters, mice, and cotton-
rats are suscepuble to extraneural injection, but guinea-pigs are more
esstant On the other hand, rabbits and dogs fail to show wigns of infec-
tion when d Jarly with Js of
the virus.

Further modification of the Flury strain has been achieved by continued
egg passage (180th passage), and this has resulted in a Jessened pathogemaity
for experimental amsmals while its antigemicaty has apparently been retained.,
For the present 1he high egg-passape level vactine has been recommended

for use only 1n cattle and the low egg-passage level vaccine, described here,
for use only 1n dogs and cats 3

The Kelev chicken-embryo vaccine rep the 60th-70th egg-passag
level of the virus At this egg-passage level the wirus does not produce
any signs of infection 1n hamst g igs, or rabbis

P
eithier extraneurally or ntracerebrally  Suckling mice are, however,
b |

P when ly Dogs
larly wath concentrated suspensions of virus fail to show signs of mfection.
Preparation of seed material

At the proper egg-passage level of the vicus (Flury, 40th-50th, and
Kelev, 60th-70th egg-passage level). a sufficient quantity of €0%, embrye
Jorag) COPIAbULED by A Komarov, Director, Government Virus Diseases Laboratory, Haifa,

2 These strams are available 10 national laborato
Oreanization, Palais des Natans, Geneva, Switzerland O TT0 et to the World Health

—99 —
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(2) The apparatus 1s assembled, and the UV lamp inserted through te
tube ard clamped into its sockets.

(3) The collecting end-piece, which has been autoclaved, 1s conrected
to the apparatus and, through sterihzed rubber tubing, to the collcticg
flask,

{4) Two reservoirs, one with stenle distilled water and one with virs
emulsion, are connected by a Y-tube to the rubber tubing going to the
take-needle through a flow-valve.

(5) The mntake-needle is adjusted to direct flow against the inner si&
of the rotating tube, and s fixed in that position.

(6) The UV lamp is turned on for 5 minutes to sterilize the made of
the rotating tube, the motor of which has been started.

(7) Distilled water 1s run through the apparatus to wet-down the tuke,
and the flow is adjusted to the desired rate.

(8) The flow of the distilled water 1s stopped, and that of the virus
emulsion started, The rate of flow is recheched. As soon as the cmub o:
aprears at the collecting end, a fresh collecting flask is attached, ard ‘”"’Li
of the run started. The time 15 again taken at the end of the run, ardthe
volume of collected Ision is d
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CHICKEN-EMBRYO VACCINE

At present the Flury? and the Kelev ! strains of rabues virus adapted
to and modified 1n the developing chicken embryo are used for the produc-
tion of chicken-embryo rabies vaccines employed 1n the prophylactic
immumzation of dogs.” Vaccine made with the Flury stramn has been used
ona worldwide basis and therefore the description of the production proce-
dure will be mamly confined to the Flury-stram vaccine. The same prin-
ciples, howeser, are followed in the preparation of chicken-embryo rabies
vaceme with the Kelev stram.

The Flury-strain vaccine for dogs represents the 40th-50th egg-passage
level of the virus At this egg-passage level the Flury wirus 1s fully
wirulent by the intracerebral route for mce, cotton-rats, hamsters, and
guinea-pigs, while rabbits are more resistant, Hamsters, mice, and cotton-
Tats are susceptible to extraneural imjection, but guinea-pigs are more
tesistant  On the olher hand, rabbits and dogs fail to show signs of infec-
ton when farly with
the virus

Further modification of the Fluty strain has been achieved by continued
egg passage (180th passage), and this has resulted in a lessened pathogemeity
for anmals while 1ts has ly been retained.
For the present the high epg-passage level vaccine has been recommended
far use only m cattle and the low egg-passage level vaccine, described here,
for use only 1n dogs and cats 3

The Kelev chick bryo vaceine ref the 60th-70th egg-p
level of the virus. At this egg-passage level the virus does not produce
any signs of infection 1n hamsters, gumea-pigs, Of rabbits moculated
either extrancurally or intracerebrally  Suckhmg mice are, however,

P of

P when ly Dogs
latly with concentrated suspensions of virus fail to show signs of nfection
Preparation of seed material
At the proper egg-passape level of the virus (Flury, 40th-50th, and
Kelev, 60th-70th egg-passage JeveD), a sufficient quantity of 605/ 4 embryo
Tsragy COPINbuted by A Komaroy Director Government Virus Discases Laboratory, Haifa,

¢ These styms are svatble 10 ratonal Iaboratgres on e
Organiziion. Faihis oo Notans Semmri 84 Abamgnes on reauest to the World Healty
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suspension in distilled water is prepared, tested for potency (sce scctton 15,
page 128) and preserved either frozen or in its dehydrated form. Thisconsti-
tutes the seed material, Just before use a 2027 suspension of seed material
in distilled water is prepared and tested for viabihty as follows.

Inoculate a group of six mice intracercbrally with 0,03 ml of a 107" dilu-
ton of the seed material (use a 0.25-ml tuberculn syringe with a ¥/¢inch
27-gauge (0.40 x 6 mm) ncedle). If the seed matenal contains bse virus
the mice will sicken on the 6th-8th day. Should inoculsted mice remain
unaffected by the 9th day, discard the inoculated eggs.

In the case of the Kelev strain the viability test must be carried out in
suckling mice.

Inoculanion of eggs

The number of eggs to be inoculated will depend on the amount of
vaccine required and storage facihities. On a large production scale the
average yield 1s 4-6 dog-doses per harvested embryo. Embryo mortality
due to non-specific causes does not usually cxeeed 1575,

Fertile hen eggs incubated for 7 days are used. 18 is best to obtain ferile
incubated eggs for saccine production from a commerctal hatchery and
transfer the eggs to the laboratory one day before inoculation, On the Tth
day of tncubation the cggs are candled ; unfertilized cggs and those with
dead or weak embryos (poor vascularization, sluggishness), and epgs
showing displaced air sacs are discarded, Winle candling, the boundaries
of the air sacs are marked on the shell with a pencil and the epgs are arranged
atr sac uppermost 1n a tray (2 commetcial cardboard epg-tray serves the
purpose well)  The shell ts pamted at the top of the air sac with 7 ”; alcobol,
and flamed briefly,

By means of a carborundum disc attached o a rotary motor tool, or
a dental dnll, make two crosswise cuts, or penetrate the shell directly
at the top and centre of the arr sac. IF this type of cutting machine 18 not
available, pierce the shell at the indicated point by means of any sharp
wstrument (see fig. 1)

The eggs are inoculated in the oIk sac with 0 25 ml of the 20°, suspen-
sion orsc.c;! matenal, using a syminge witha * jinch to T-inch 19- to 20-paure
(6-25 mm - 090-1.10 mm) needle il the synnge with the mocutum

13 14+ o sbhoceske hand masaflal with the fahle woth the deft hand take

- ean

. - ’ .
PR, - [ I . ey .
T y

the e and deposit 0.25 ml of th
are replaced in the tray  Onconp!

e tnoculum (see hig 2} The inoculsted e£2y
1:1i91 0f 2 a0 alstion the szzd matenal
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FIG. 1. PIERCING AIR SAC

By courtesv of Dr F Perer-Gallardo Madrid

FIG 2, YOLK.SAC INOCULATION OF EGG IN HORIZONTAL POSITION

By courtesy of Dr F Perez-Gallardo, Madrid
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is tested for bacterial stenhty, and the cut portion of the shell is sealed by
means of a melted misture of paraffin-vaseline (two-thirds paraffia, eze-
third vasehne), or collodion.

After inoculation the eggs are incubated at 36 5°C for a penod of
9-10 days

Harvest

At the end of the incubation period, only living embryos are hanesiad
Yolk, yolk-sac, extra-embryonic tissue, and flurd are discarded.

The eggs to be harvested are arranged m a tray, and the shells are
sprayed or painted with 70% alcohol and flamed.

The hve embryos are harvested by either of the followimg methods.

(@) Cut off shell over the air sac by means of stenile sharp powted
scissors (see fig. 3) Tear away the membrane, thus exposing the embryo
Pass a wire hook attached to a handle under the neck of the embno.
and pull the embryo slowly upward, The embryo will be pulled out of the
cgg, frec from the yolk and extra-embryonic material.

FIG, 3. CUTTING OFF SHELL COVERING AIR SAC

\of Dr. £ Perez Gatlards, Madend
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FIG. 4. SEPARATING EMBRYO FROM MEMBRANES

By courtesy of Dr F. Perex-Gallardo, Nadrid

Alternatuvely, hft the embryo out with ane pair of forceps while separat-
ng the membranes with another (sce fig. 4)

(8) Put on stertle rubber gloves. Crack the shell of the eggs at the centre
by means of a sharp stertle 1nstrument. Open the shell with gloved hands
and pouc the contents over a stertle wice gauze. The fivid and yolk shoutd
drop through the meshes nto a sterdde container placed under the wire

gauze Jayer. Collect the embryos from the layer of gauze 1nto a proper
container,

Preparation of embryonic suspenston

The harvested embryos are placed mn a chilled weighed contamer.
The total wesght is noted and then the embryos are transferred into a chilled
Waring blendor. Sufficient chilled sterile distilled water (containing 500
units of pemicillio and 1 mg of strepiomycin per millititre where laboratories
find that contamination occurs) 15 added to the blendor to prepase & 339
embryo suspension, The embryos are ground three or four times, each
ume for about 3 minutes, chilhng the blendor between each gnnding,

The resulting suspenston 15 filtered by squeezing it through a layer of
gauze wto a chilled contamer The filtered embryo suspension is placed
in S-ml ampoules so that each ampoule contawns 3 ml of 33% embryo suspen-
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sion—this equals one dog-dose. Multiple doses can be used withoutincreas-
ing the volume of liquid, by preparing a 667 embryo suspension.

Desiccated vaccine

The embryo emulsion is desiccated from the frozen state. After desicea-
tion, the ampoules are sealed either in vacuum or in an atmosphere of ritro-
gen, and stored at 4°C. In our hands, after desiccation with an Edwardy
apparatus, the virus titre is approumately 10°* to 107,

Bacterial safety test

Desiccated material is rehydrated and 1 ml is injected subcqmn:ous')
into 8 mice. At least 7 out of the 8 mice must survive an observation peried
of 14 days.

Potency test

Virus titre is distinct from the potency of the vaccme, Titres may
be as low as 107" and yet the vaccine can be potent, Vaccine should rot
be released for use unless tested for potency. .

A potency test for chick-embryo rabies vaccine is dcscn.btd by M;P'
rowshi (see section 15, page 128). The test consists of the intramuscuby?
moculation of gumnea-pigs with vaccine, followed 21 days later by "‘"’;'

hallenge of the vaccinated amsmals with street virus. The chal
lenge virus consists of an emulsion of rabies-infected dog salvary Emdd':
Prcliminary ttramuscular utration of the virus in puinea-pigs 15 F f
and the highest dilution of the virus which kills 70%-1007; of the w“m;,
ammals 1s used for challenge. In the actual test, 10 guinea-pigs ;’;0
recene 0.25 ml of 5%-suspension chick-embryo rabies vaceire, ar e
animals are left as controls. Twenty-onc days after the \nmna!m’!.] rd
ammals are moculated intramuscularly with 0.1 ml of doz salivan- i{",
challenge virus A vaccmne of good potency will protect 707, of the \3
nated gutnea-pigs

REFERENCES

homarov A & Horensten, K (195)) Cornell Ver 43, 34
hoprowsiu, B & Cox H R (1948) J Jmmunol. 60, 533

World Health Organsration, Fapert Commitice on Rabey (1959 #U/ B
techn Rep Ser K2
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VACCINE POTENCY TESTS






Section 9%

GENERAL CONSIDERATIONS

Although the need for eval g the i ing p of rabies
vacanes has been fecognized since the early Pasteur days, ':\nd a large
volume of experimental work atmed at this goal has been carried out over
the years, most laboratones producing rabies vaccine have not made a
routine practice of tesing their products unhl secently, Thus, when prac.
ueal potency tests became available many laboratories were surprised to
find that they had been labouring under a sense of false security since the
vacemes they had been ssswmng for years, prepared according to \\‘ell-
estabished production procedares, wete actually of very low or neghgible
immunizing ability The now well-known charactenssic property of all
viruses, 1ncluding rabies fixed stramns, 10 mutate and change in their pro-
perties with amamal passage, makes 31 obvions thas the known requirements
for the use of any one virus strain n preparing a potent vaceine 10 years
ago may not be vahd today

It has always been difficult to evaluate vaccines on the basis of results
obtained 1 human bemngs because of the lack of controls, the relatnely
small number of human cases of rabies, and the impossibility of taking into
consideration all the many factors which tend to make buman expasures
uncomparable Furthermore, the need is for an evaluation before a vaccine
1§ feleased for human of vetennary use

There would appear to be three imporiant considerations, among
athers, 1n assessing any potency test of rabies vacames  Farst, the test
procedure shauld acteally evaluate the property of the vacoine which
d its eff 1 the prop of rabies 1 man or animals,
Using 2 naturally susceptible host, the 1deal test would simulate conditions
of natural exposute and usual prophylacuc treatment This would mean
the yse of street Virts 1ntraducad theny b - Las 1 £ N
doses of vacer .
has, of conrs, -

where adminisuauun oL vacesne 1s started after experimental exposure off

the test ammal  Most tests, therefore, involve multiple doses of vaccine (as

admtusteted 1 man) followed by subsequent challenge with fixed virus
& "

biolope e PKer) Habel Chef, Labosatory of Infecusus Drseases, Natuonal Microx
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GENERAL CONSIDERATIONS

Although the need for evaluating the immunizing potencies of rabies
vacees has been recognized since the early Pasteur days, and a large
volume of experimental work aimed at this goal has been carried out over
the years, most faboratories producing rabies vaceine have not made a
toutine practice of testing their products until recently. Thus, mhe\:\ pracs
tical potency tests became available many laboratories were surptised to
find that they had been labouring under a sense of false security since the
vaceines they had been issuing for years, prepared according to well-
established production procedures, were actually of very ow or neghgble
mmumzing ability. The now well-known characteristic property of all
siruses, including rabies fixed strams, to mutate and change i theic pro-
perties with animal passage, makes it cbvious that the known requirements
for the use of any one virus stram 1 preparing a potent vaccine 10 years
g0 may not be vahd today.

Tt has always been difficult to evaluate vaccines on the basts of results
obtamed 1n human bemgs because of the lack of controls, the relatively
small number of human cases of ratnes, and the smpossibility of tking into
consideration all the many factors which tend to make human exposures
uncomparable, Furthermore, the need 1s for an evaluation before a vaccine
15 released for human or veterinary use.

There would appear 1o be three mmportant considerations, among
others, 1 astessing any potency test of rabies vaccines. Furst, the test
procedure should actually evaluate the property of the vaccine which
dets s effe n the prop of rabies 1 man or antmals
Using a naturally susceptible host, the 1deal test would simutare condations.
of natural exposure and usuai prophylactic treatment, This would mean
the use of street virus introduced through a bite-wound, followed by daily
doses of vaceine 1n the case of those vaccnes mtended for human use This
bas, of course, been found to be mpracticable, as have most types of test
where admumstration of vaccroe 1s started after experimental exposure of
the test animal  Most tests, therefore, involve multiple doses of vaceine {as
admiasstered in man) followed by subsequent challenge with fixed virus

* Contribut X y
biotonl Tree B3 418561 el Laboratory of Infecious Discases, Navonst Micro-
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given intracerebrally, as being a more easily standardized type ofchalesee
While far from being a duplication of the situation with natural exposeme
and the usual use of vaccine, this type of test has been shown to refect
the relative ability of a vaccine to protect under more natural corditens.

The second important factor in a potency test is its practicabiliy—tie
case with which it is carried out, the availability of the matenal used, =
the cost and time involved. Not all laboratories can obtain large nurben
of experimental animals easily, nor can they, perhaps, support the epesse
of repeated tests when animal costs are high. The time factor 15 importa't.
since newly prepared vaccine must be held until potency tests are comlts,
and this is time deducted from its period of effectivencss.

The third important factor is the standardzation of the test procedar
so that there may be comparability of results from one faberateny 1
another

In the following sections of Part 1II five types of rabies potenq) test
are described in detail. All these may be used for evaluating vacones
for both human and veterinary use, although the street virus gl:}""?’?
test (sec section 15, page 128) is specifically designed for testing the livevires
chicken-embryo type of vaccine for use in animals.

The deciston as to which test to use in any particular laboratory ‘?{
depend on the type of information required and the faciliies :nmbblc.‘
a laboratory has himited facilities for animal procurement. and nn:
merely to screen its vaccines for potency or lack of potency, then he o
simple test, such as the modified Habel test in mice, should b,‘u“d X(‘:C
section 12, page 116). If facilities are available, and 2 quantitative ‘“:‘:‘,
tion of potency 1s desired as a continuing check on efficiency of rroddf;*:d
then one of the more standardized tests is indicated. The o'rlgm:\"ll;,.
test in mice (section 11, page 112) and the newly adapted U? Nationd rm
tutes of Health test (section 13, page 117) arc both quantiathe “iumx
second being a more standardized procedure. The disad "'"'on}iﬂq
lies 1n the necessity for using a standardized vaccine and a large aum? T
animals. The Pasteur Insutute test in rabbits is also a quantitate
similar to the Habel test in mice.




Section 10*

SOME FACTORS INFLUENCING THE STANDARDIZATION
OF RABIES-VACCINE POTENCY TESTS IN MICE

For approumately the past decade the potency of rabies vacaines
distnibuted under hicence in the United States of America has been controffed
by the use of an immunity-breakdown type of test in which all mice are
vacamated with the same dose of vactine given 1n six injections. At the
time of challenge the mice are divided 1nto five groups, each group receiving
a different tenfold dilution of virus. The potency of the vaccine is determined
by calewlating the number of LDj, of virus which will oveewhelm the
mmune mechamism in half the vaccinated mice  An acceptable vacaine
must protect mice against at least 1,000 LDy, of virus

When the potency test described above 1s used for evaluating the same
vaccines in more than one laboratory, certain varables have been recog-
nized which could fead to vastly different potency-test results, both in the
different laboratories, and 1 the same laboratory from one test to another,
Some of these vanables are  the stram of challenge virus, the techmgue of
handhing the challenge virus, and the stram of mice.

The first vanabte, that of the strain of challenge virus, has been studied
carefully by Habel and Wright and has been eimmated by the establishment
of the standard challenge varus {CVS) strain of rabies virus which 15 supphied
to all laboratones interested 1n the potency evaluation of rabies vaccine.

The techmque for handling the challenge virus was also standardized
by Habel & Wnght and a complete description has been published * It
has smce been found that less vanation 1 encountered tn the ttre of the
challenge virus from test to test 1f, 1n prepanng the challenge virus for each
test, the virus suspension 15 diluted to 10% bram tissue With 2% serum i
disulled water, and clanfied by centrifuging for 15 mioutes at a relanve
centnfugal force of approximately 1,000 times g In this way all larger
particles of brain tissue are removed, and a shghtly opalescent supernatant
fluid 15 obtained which contamns the virus in undiminished tire

rinbuted by
Ay

5‘3‘;.%: ibuted by Georse A Hotle Cluef, Biologics Control Section, Laboratory of

ional Microbiological [nstitute, Public Healih Service, Bethesda, Md,
¥ Habel, K & Woight, I T (1948) Publ Hitk Rep {Wash ) 63 4%
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The problem introduced by the use of different strains of mice 151
serious one. Instances have been reported in which potency values fer
the same lot of vaccine have varied from 100 LD, to 100,000 LD, prorss
tion when different strains of mice were used. The first step which riht
be taken to control this variation would be the use of a reference vaco~
which is put on test each time a lot of vaccine 1s to be evaluated Whileus
desirable that the reference vaccine show the mintmum acceptable potersy,
i.e., 1,000 LD, protection, this is not essenttal. The potency of the refererce
vaccine must be determined in mice of average immuni; 4

ing capacity, 27
the potency value obtamed must be accepted by all participating laborsta-
ries. After the potency value of the reference vaccine has been estathsbed,
the results of each potency test can be evaluated on the basis of the accepsd
potency value of the reference vaccine. Although such an evaluation wilt
not reveal a quantitative relationship between an unknown yaceme ard the
reference saccine, it is possible to get a qualitatne compatison betweed
two vaccines by means of the immunity-breakdown type of patency test
ed that 3 dned

ed by sus;vr»':
)

Because of the instability of rabies vaccines, it 1s suggest
reference vaccine be made available. This can be accomphsh
ing the infected brain tssue in disulled water, inactivating the virus #
ultraviolet irradiation, ard drying the vaccine from the frozen state A
dried reference vaccine prepared in this way will have retaired a Lot
part of its original antigenicity and will remain fully active for at kast e7¢
year

. . \14
Suggestions for a more quanhtatise evaluation of two vaccines b

been made on the basis of an antigen-extinction test 1 which groups ::
mice recene graded doses of vaccine, All mice are then challenged w1t

the same dose of virus A 503 effective dose (EDg) for tach‘mmre x:
calculated as the amount of vaccine which will protect half the mice ag:lri(
the challenge dose of virus. Because of the varation in challenge dose ©
virus from one test to another, a reference vaccine 1s essential in this ln:.
and potency results are always grven in terms of the reference um"‘:
With a test of this type the number of injections of vacemne gnento ¥ "
mice may be aix. lour, thiee, or cven two doses. When fewer doses f
vacemne are injected into the mice, the number of LD, of virus n (';
challenge dose must likewise be reduced. With three of four doxs ©

racaire, the Jhflenge dose of virus 1s usually 50-500 LD.a \With two 6o
of vaccine the challenge dose of sirus js 5-50 LD,

The third revisan of the US National Institutes of Health Allm,mll‘:
requrimemts  rabis accme, dated 3 February 1953, phes the dd.’--
of the ar+t en-evi it va type of test which will be used for n:m.)l!:
alt Jots of rabizy scune distributed under US licence (see seclion bt

enge VITi:

page 117+ Inthis cost many of the details with regard to the chall
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used with the immumty-breakdown type of test, have been left unchanged
However, 1n the vaccination of the mice, 0 5-ml amounts of fivefold dilu-
tions of vaccine are njected intraperitoneally, 16 mice bemng used for
each dilutton  The muce recenve two injectrons of vaccine one week apart,
One week after the second injection all vaccinated muce are challenged
by the intracerebral injection of 5-50 LDy, of the CVS virus. The mice
are observed for 14 days Al mice dying after the fifth day following
challenge, and all mice showing paralysts, are regarded as deaths An EDj,
for each lot of vaccine 1s calculated as the amount of brain tissue 1n mtll-
grammes needed to protect half the mice against the challenge virus
The potency of the vaccine 15 expressed as a factor relating to the potency
of the reference vacene, which 1s arbitranty assigned umit potency. With
the present reference vaccine, lot 150 C, a factor of 0 67 has been set as
the mimmum acceptable potency for any Jot of rabies vaccme



Section 11 *

HABEL TEST FOR POTENCY

Mice

White Swiss mice, 4-6 weeks of age, and uniform in weight, nr:tu:::d:
their sex may be selected at random, or mice of only one sex may
if preferred.

Immunization of mice

Sixty mice recerve 0.25 ml of a vaccine diluted to give a 0 55 emu!u:1
of original wet-weight of brain, I i are ghen 'ks (2 tots]
on Monday, Wednesday, and Friday during two successive \\;e P
of sixdoses). Thirty muce should be kept apart from the rest at the begiont
of the immunization for use as controls at the time of challenge.

Challenge

ose of
A challenge test 15 performed on the 14th dily fm{" 'fm ﬁrf;‘:, ey
sacctne. At this time two ampoules of the hawed out ard
{sce section 10, page 109, for 1ts preparation) shuujd be tha o1t 107
diluted 10 4 10 suspension  Serial tenfold .dnlufmns fmmr;‘s diluent.
are then made, using 2% horse or rabbit serum in distilled “““d in 3 e
Its ded that the dif of challenge virus be hi:;ss":?f i
water bath during the performance of the test to prevent
utre
Ty with
Groups of 10 vaccinated mice are then challc{lgcf’ 'mm;"-c:: iz that
003 ml of the 107, 10, 103, 107, and 107 dilutions I Mmocalsiers
order A single syninge and needle may be used f"";‘ next dilutio?
provided the empty syringe 1s rinsed several times in the
before beng refilled, ih the 107,
With a new syringe the control mice are then inOC“l‘l(cd :;m dilauor
10, and 1y dilutions of virus in order o dc(crmmc\ these three
represents one LD, If the challenge virus is fully ’c“;é-f supnen
difutions will usuly gine a range of from 10077 10 fess than 30",

ith suspiciat
Scattered deaths at ull three dilutions should be siewcd With Susp

7>
Nl M
Coaw Puted b, hLil Habet Chief, Laboratory of Infectirus Disease.

My, LAA

* Conr,
Brologial 170 utyte by

— N2 —
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For the potency test 10 be vahd, the 503 end-poml of rabies deaths should
be beyond the 10 dilution u the control mice,

AW mice are observed for -~ == aflar the
fifth day should be considered . b
darfy and symptoms recorded. Mice sutsiimg av . < ¢
showing definite symptoms of rabies should be considered as rabies deathis
in potency caleulations

of degree of p
50% end-paints of rabies mortahty are determmned by the method of
Reed & Muench, as 1lluslmt=d 1n Annex 1. This gives the diution in
-~ swhars theoretically, 503 of the mlce

o da . ’
the vaccmmed the log of the number of Ly pruwes -
To meet minrmum standards, this should be log 3 or 1 000 LDg.

Modification of technique for kve virus or atienvated yaccnes

The & wntraperitoneal doses of 025 mi of equvalent 0.5, emulsion
should be made starting with the least virulent of the vaccine doses and
grading to the most virulent, 1f human doses vary as 1n the origmal Pasteur
type of vaccine  If all human doses ate the same, then no change from
the origimal procedure 15 necessary

Annex 1

PROCEDURE FOR DETERMINING 503, END-POINTS
OF HABEL-TYPE POTENCY TEST IN MICE

Results of 1ypacal protocol

yoccumated e ccurudat

Swon surmad rabies sired o s Trvsininy
1ot 4 6 4 4+ 20 8
!0—: s H 9 14 6)
10 3 1 12 ] 2
10 8 2 20 2 13
10 10 ° EY 0 [

Actual figures are accumulated from

10 to 107 for o
107 t0 102 for raboge. survivors and from
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Now make a caculation thus:

(50%, minus the % next under 50%) or 50-43 - 1. 0w
(5% next above 50% minus % next under 50%) 6143 I8

Now subtract this figure (0.39) from the log of the dilution which hd a
mortality next below 50% :

3.000
0.390

2.610
This is the log of the 50% end-pont for this protocol, namely, 10°¢

Next calculate the control 507 end-point in the same way.

Yaccinated mice Accumulated torals l'f'""’;’l"'
Dulution survived rabies survned rabies ot
10-% 0 10 I o [ 12
10-¢ 4 6 4 7 4
167 5 ! i | 1
50-7 43
= =T"=075
64-7 57
7000
0.750
6.250

The 50% end-point of controls 1s 107,

. fos
To find the LDy, of protection afforded by the vaccinc. subgﬂfl‘:"m;;
of 50°; end-pomt 1n the vaccinated mice from the Jog of 5055 0dF!
in the controls
6.25
261
3.64
pure
Thus this vacane protected against 10°* LD, or 4,366 LD, The f
should be rounded out to the nearest hundred, i.e , 4400 LDz

Graph-cal method for calculating LDy

.\ ear ¥

Approvimately the wame result, or one of sufficicnt accuf‘”)nr P

derned without fro + nul caleulations by making H‘C,ofa sh"‘“m ¢
loganthr ' paper teamal divissons. It is sufficient 10
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cumulative totals of the mice which have survived and those which have
died at the doses on either side of the 507, end-point, as caleulated above,
The number of mice 15 jndicated on the anthmetic scale of the sheet as
an ordmate, the virus difution being entered ou the logarthmic scafe as
an abscissa The four pomts corresponding to the mice surviving and
mice dying above and below the 507 end-point are plotted in this way

FIG | GRAPHICAL METHOD FOR CALCULATING LD,

1
PROTOCOL ENDPOINT
- CONTROL ENDPOINT
12
3 i
3 } -
i 7
s 3 /\
is S
[ = 3] .
Vo2 3 0 © 7
locraexing dibvirsons ot Ehullonge virvs R
© = Survbials feurmutative) % = Deaths {cumulatve)
agamst the p 5 . The of chal.
lenge virus are entered on the loganthmic scale (abscissa), the left-hand
extremity of the sheet ponding o the higher and the

night-hand extremity to the Tigher dilutian, of virus, The figures cotres-
ponding respectively to the number of mite which have died and the num-
ber which have survived ate joined by straight fines  The point of inter-
section of the two haes gives the 50%, end.pornt, the value of which 1s read
off an the loganthmic scale  Fig 1 uses the same figures of the precedmg
cxample of a test The LDy, of protection afforded by the vaccine 1
armhed ot 1o the same smanner, 3 €., subtraction of the two logarithms
ard dervation of the antilog of the resuly,



Section 12*
MODIFIED HABEL TEST FOR POTENCY

For many Jab 1es producing bies vaccine, the lack of rch-
tively large numbers of experimental animals makes the routie st of
the standard mouse test for potency impractical. Especially 1s this true
in those laboratories where multiple small volumes of vaccmne are prepared
at frequent intervals. In these situations a simplified potency test which
would screen out vaccines of below-standard antigenic potenctes, and
which at the same time would be comparable in its mini q ®
to the results obtained by the more complete standard test, would be of
value,

In checking results of many potency tests with vaccines of high, lo%,
and intermedsate levels of antigenicity, it has been apparent that a;‘rfi"'
mately 500 LD, as an intracerebral challenge dose brings down less L:“
half the immunized mice if the vaccine by the complete test .has a potene?
of over 1,000 LD, protection, which is the minimum requirement.

The techmique of the test 1s the same as the standard F",’“d““ ‘f:
scction 11, page 112) using six intrapentoneal doses of a (1X24 S“‘?‘"‘d:‘
of nervous tissue (0.25 mi), and intracerebral challenge on the i$th 3
followed by 14 days of observation. Only 20 mice are immumzcd.:;d
15 addittonal mice are held as controls, On the I4th day the sl:g \
potency-test challenge virus, diluted to contain 500 LD per 00 n:ny
1s gnen intracerebrally to the vaccinated mice, and at the same trme g1 :urd
of $ control mice receive the challenge virus diluted to 107, 107
1077 (see section 11, page 112, for analogous procedure). -

To be a vahd test, the control titre should indicate that the challeags
given to the vacemated mice was between 100 and 1,000 LD,‘" an '\h:
of the vacunated mice should survive in order that the saccing pass
screenng potency test (for caleulation, sce section 11, page . o

Tt s advised that at peniodic mtervals a complete standard rﬂ‘;‘;;‘
test (sce sections 11 and 13, pages 112 and [17) be performed 10 "“N
3 more quantitatne evaluation of the vaccine over long periods of prec
ton n each Liboratory

Ganomal M
*Comrd el b h o dtavel Chuef Laboratory of Infectious Digaswer Nav0n
LIS R QW O Froewa MAOUSA

— 116 —
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POTENCY-TEST REQUIREMENTS
OF UNITED STATES NATIONAL INSTITUTES OF HEALTH
Ny

The standard challenge rirus (CVS)

The CVS 15 supplied periodicalty, usuaily once a year, 1o faboratones
1 the United States of Amenica  This provides a nearly nmform challenge
wirus and makes possible the evaluation of different Jots of vacrines as
welt as of vacomes from different taboratories, Laborataries are utged
to follow closely the procedures outhined  CVS is available to nanonal
taboratories upon request to the World Heahh Orgamzanon, Patws des
Nations, Geneva, Switzerland.

The working CVS

In the USA, CVS s suppbed as a 209 mouse-brain suspension m a
2% horse-serum* distilied-water diluent. This has been stored under dry-
e before shipment , it shauld be used only if recewved 1n the frozen state,
and should be retdined in this condition untif nsed  The contents of the
ampoule should be thawed rapidly under cold wnning water and then
dluted 14 with the 2%, horse-serum dduent, This pves & 5% suspen-
sion, which is centrifuged for 15 munutes at a relative centrsfugal force of
approxumately 1000 g The supernatant flwd 15 diluted to 107 and,
using this dilution 23 the moculating dose, a sufficient number of normal
mice are ingected with 003 mi mteacerebrally to produce the amount of
workng CVS needed for approximately one year (One mouse brawn will
Yield approximately 15 m} of a 20% suspension) When an tnoculated
mouse has shown signs of rabies for a pertod of 24 hours, the bram 18
Rarvested and immediately frozen with dey-ice The hasvested brawns ate
placed 10 a common contatner and when the coliecton s complete they

— 17—



118 M. M. KAPLAN

are thawed, weighed, and ground to pulp, and enough of the 2°; horst.
serum diluent is added slowly, while grinding, to yield a 20°; final s+
pension. The suspension is given a lot number and without straining ¢
centrifuging it is drstributed into ampoules, 2 0-2.5 m! to each ampork
The ampoules are flame-sealed, and the contents are quick-frozen and
stored at dry-ice temperature (approumately —70°C).

Each step n preparing the working CVS must be carnied out prorpty
s0 as to ensure the survival of the maximum possible amount of virus
Before use as challenge virus, the LDy, value of the Tot should be deier
mined tn six-week-old mice, The lot is satisfactory provided the LD,
salue occurs between the 107" and 10™*° dilutions, 1nclusive. The mv:
mum saniation in the titre obtained from test to test should not erceed
one tenfold dilution when the same lot of challenge virus is used Whea
all the ampoules of a lot have been used, or at the end of a one-year penod.
a new reference CVS is obtamned from the NIH for preparing 3 rew bt
of working CVS. This is essential 1n order to assure umformity of 0
working CVS among all laboratones producing rabies vaceine.

Note  The difficulties in shipping frozen matertal necessitate t+3t
WHO send the CVS strain in dried form to laboratories requésting :“
A central laboratory can prepare its own primary pool of CVS by o
passage of the stramn in a sufficient number of mice calculated to meet L
needs for several years, If dry-ice facilities are available, the pnm:,\‘
pool wn flame-sealed ampoules should be kept frozen at -70°C, ard “_‘
procedure followed as described above. If dry-ice facilities are Lm\ri,..
the matersal can be kept frozen at —20°C or lower, the lower the MU;
but peniodic titrations in mice are required to determine possible m}C‘\,S
tire It s not advisable to work directly from the dried form of
because the titre may be too Jow.

Tipe of test mouse

. ar
The test 1s based on the use of white Swiss mice nl"l‘m“m"b fos
weeks old, untform 1n werght (11-15 g), and of one sex.

Reference vacane

An NIH Rabies Reference Vacemne (ultraviolet-hght i"m“m'd "nr:f
dnedy s supplied by the NIH to vaccine-producing laboratories . it
USA on requast When the contents of each ampoule are f"“ob eral
& ml of distillzed water contaming 0.2535 phenol and 0013, thiem ¢
tmerthiolite) the vacane 15 considered to be a 1075 Suspension oy
feference ene v soored at 210°C at all times, whether in the 130
of the dried e \ieor reconstitution, the vaccine 15 used 10t Latet T

o weeks o' or e G L s added,
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At the request of WHO a hmited quantity of NIH Rabies Refesence
Vaccine 150 C has been made asaiable, and will be supplied by WHO
to national laboratories upon demand  Since only a very limited quantity
of the dried reference vaceine will be available, 1t 15 suggested that national
laboratories prepare a sufficient quantity of a dned vaceme of their own
to meet their needs for at least one year, and then test their own dried
vaccine with the NIH Reference Vaccine. The advantage of using a dried
reference vaceime 1s its stability, and thereby its usefulness for futute com-
panson of vaccines

Immumzation of muce
Three or more dilutions of each vaccine under test are prepared in
PO POV . A Py

y . . e
‘ . . .

h
vaccine to protect 5024 of the mce  The range will depend upon the
strengih of the challenge dose, the kind of mice used, and the potency of
the vaccine With a challenge dose of 20 LD, {see page 120) a diution
range of 10%-02%-004% of brain tissue has worked out weli for both

the NIH Reference Vaccine 150 C, and commercial vactines produced tn
the USA.

At least 16 mice are mjected intrapertoneally with 0.5 ml of each
dilution of vaccme. Two doses of vaceine are grven to each mouse one
week apart  Enough control mice are set aside at the time the test mice
receive the first dose of vaccine for an adequate uitration of the challenge

virus t0 be made with at least 10 mice for each dijution of virus {a total of
30-40 control mice).

For vacemation of mice use a 1-mi or 0 5-ml tuberculin syringe and
give each mouse 0,50 ml intrapentoneally. For rapid work 1t 1s necessary
to etbenze the mice  Grasp the mouse by the skin of the neck between
the thumb and forefinger and clasp the tail between the httle finger and
palm  The mouse 15 then held firmly on its back and cannot get away
aen d;nul ethenized  The needle best sutted for vaccmation is the 25-gauge
Ve~ or *-inch (0 50-mm % 12- or 18-mm) needle Inoculate in the mudline
tmmediately above the umbilicus This avoids the stomach, lwer, and
bladder Insert the needle, with the bevel up, at a 45° angle from the
head end of the mouse, and nject the vaccine suspension rapidly (see
fig 1) If thete 15 any doubt as to whether the needle point 13 1n the peri-
toneal cawnty, move the point from side to s:ide and observe the skin.

* 13 mlM/S KHPOL, 85 ml MAIS NaHPO, 12H:0 900 mi distilled water
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FIG, 1. INTRAPERITONEAL INOCULATION OF MOUSE

Bv courtesy of Dr F PeregpGallardo, Madral

The order of vacaination is ot important, so that all the mice o b

rvaccmated sath one lot of vaccine may be hept in one or (w0 botes

Challenge of control and test muce

All mice are challenged ntracerebrally 14 days after the first dose of
vaccine .

One ampoule of the pooled first-passage working CVS1s thawed r:r;i;!
urder cold running water and diluted 1 4 with 23 horscvscrum:dmn -
wafer difuent  This misture 1s then centrifuped for 15 minutcs ata trt.‘mt
certnfugal force of approumately 1,000 g. The supernatant fluid l;i
S 107 ditutian of the challenge material, and 1s used to make ful:‘;'
dilutions A dutions are made i the same diluent as ongmally

p "
It recomaend.d that the dilutions of the challenge virus be held 10 3
{ the test

tec-water kit -\ ~qunalent, duning the performarce of
order 10 pre 71 v Ly o
13
the imr i i challenged with a dilution of virus
< IRV

has been four. ur tosty 10 contatn approumately 201D, 0
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Each 1aboratorys therefores must determin® Yor sself the diluty of work-
ng CVS wch wilt contain the qest dose © 1D \'mls f :xamp\e,
i me working VS has beer found to have a mre of 10°° © o1 3160 000’
then mun,.,woudbe o na ution of 1+ 1&000 1077
This d\\uuon is prepar om the 3% o’ su;ﬂm:\tan descnbcd above,
as follows®
Aot t 29
1ot}
L mi(of 1t
10 pn15800

Afer :s\\ '\mmumz:d mice have est 40s¢ ¢ of Virus
) 03 M ot e abo\c), ne grouP
tcmm \ ce'ls “ocu\a( ith the s& 1est dose of \'\rus Twote yenfold
dilutions of \h

\ cction Of the remmmng
controt TE l s esicable b aject the 17 dilution e
dilonon o( o test 80s€ © irys 1 U 1n this w3Y one synnge
ay be used 10 allenge Nl the immY unized MICE and one grow of controt
mice » anothet sy! nge must 1 be used 1© chalteng® the Femung control
mice.

Al mice 27¢ observed for 14 days from {he time ©! of the challeng® m;ec—
won OWYY those d: ths oecurting after the fifth day a1 {hose Precs
by sgns of fixed-wirs abies (pnm\ys . :onvu\slo ns) A€ cons' \dued demhs
m\c aratysed DUt g suraiviod the 1 -Ld:y
observation pemd are cmmdertd as cq valent 10 deaths from 13!
The defimtion® of* pam\ys|s" and convulsions «, as appt xcd to m\ce
following the ngecuont of the challenge \arus, are 8% follows

Pparalysis 1% the pA arual OF complete yoss of motor POREr of one ©F
more 1685

Comulsions 31¢ \ndheated BY yiofent 2% nd abno! rmal muscular contrac

wons of the pody—often termed S asms  TRes® ar: prought 2 about BY
external sumulations such dsturbind sound, OF handling

For the test 10 be consldemd yaud, the sults obtain af challeng®
of the 1mmunY mce must ¢ the diluu©@ of the refer nce vacsine
encompass 50%, end-pot <—that 15, 1€ majorty th receving
the fughest dose of ne SUTVING: d th 2)orey of the ™IEE receving
the smallest dose of V<@ r the test yacanes unless an exac
end-point 1§ especially desured, onty pecessary the magnty of
(he tce receiving 3 1 dose of vaccine survive e s utre O
the test dos¢ of cha\\e“uc virns 18 no\ pamcu\m\y importan! 1ded that

. , provide
1t falls between n 5 a s necessat ry howevers \\m all the control
mice Teceving the \est dose. oi vu'us e, Bec
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ard the test involved, it is difficult to obtzin cractly the same virs Lin
from one test to another.

Potercy test on live or attenuated virus vaccine

Vzccines containing lise or attenuated vires, eveept for chichere=bino
raccines (see section 15, page 125), can be tested in the same manrer s
killed-virus vaccines.

Caleulation of potency (entigenic value)

50°; end-pomnts are determined for both the refererce vaccire 2rd i
test vaccire by the method of Reed & Muench. The end-point is catulaied
as 2 509] cffective dose (ED.,) of vaccine in milligrams of ongira] b2
tissue which will protect 509 of the mice. An abstract of this method 18
given in Annex | below. By dividing the ED,, of the refererce vaca=
by the ED,, of the test vaccine, a value is obtzined which is the 2tz
value of the test saccine in terms of the reference vaccine. The LQ, of
challenge virus received by the immunized mice is calculated £y dnidng
the dilution of virus used as the test dose by the 507, erd-point AR
of virus in control mice, as calculated by the method of Reed & Mos

Antgeme salue requirement (sce page 123 for computation)

The anugenic value of a vaccine under test should be 0 6 or higher 2

relation to NIH Reference Vaccine 150 C. For each new fot of refere®
vacaine, an antigenic value will be determined in terms of the provicss
reference saccine. It is anticipated that there will be miror difererces "
potency of future batches of reference vaccires in spite of efforts to Leep
these sanations to a minimum.

Annex 1

METHOD OF DETERMINING £0;; END-POINTS BY THE
METHOD OF REED & MUENCH.? AS APPLIED TO THE
POTENCY TEST OF RABIES VACCINE IN MICE

it

Tie 5. erc wa & se TED,) 15 caleulated as the amourt o{f’f:r‘

trssue whi L o 1, of the mice agamst a subwequent d”; s
Wwith £} 2v v Lo e ve g of the challenge are arrarged 11 €0

SReet e oy qewer S e 21,400
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EXAMPLE
Dilution Number of Reconstrucied totals Fercentire
of virus mice Survned Dead survved deat mortaly
102 10 0 10 0 13
1002 10 4 6 4 8 3T
107 10 8 2 12 2 =N

Stnce the 507 end-point dilution or LDy, hes between 10* and 107!
the logarithm of the LDy, dose 1s found as follows :

67 ~50
Log of LD;, dose = 6.2 + oy
17
= 624 —
* 53
= 624032
= 6.52

The LDy, dose, therefore, is 10, or the undiluted virus suspensiot
contained 3,310,000 LD,,. Since a 1077 dilution of virus was used 38
the challenge dose, that dose contained :

3,310,000

21 LD,
153000 O 2! LD
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Challap, ged & ml rly mrh 5000 N (3 LD, Dy,). Al Vaceinateq
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Vote : ‘n) est rcch Rque describeq abose yq5 deviscd for yse Wik
the Loy Pasteyr Strain of fiy, des ru S rabies 5 at its Teseny Stage of fnd:lpla-
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It would appear unnecessary to interpret these results mathematicaliy
by the cumulative method of Reed & Muench, the minmum lethal dose
being easy to determine and not varying under the experimental con
ditions.

However, it is clear that this virulence titre varies not only accord.rg
to the strain of the fixed virus selected for the test, but also according to
the number of passages undergone by the strain, the weight and charsce
tenstics of the domestic rabbits used, and the climate where the test 18
carried out. Nenertheless, there is no reason why these factors should
alter the minimum lethal dose provided this has been determined undst
the same experimental conditions (see Note on page 127).

The results of the test are available 1n 8§ days, but it s advisable to
keep the ammals for a month afier the challenge inoculation to mak¢
certam of the results, since 1n exceptional cases (2 of cases} rabies €21
develop with some delay.

Vaceinaton

Once the virulence titre is known, it 1s possible to evaluate lhc. ala
tective power of the rabies vacaines by testing batches of five rabbits €1
the 30th day of vaccination with mercasing dilutions of fived virus

Thus the Panis Institut Pasteur phenolized vaccine (sce section 6Wi
page 77), on bemng mnjected subcutaneously into the flank of the ﬂ“:m;‘.
at the rate of 2 ml per day during 20 consecutine days, protects 3 cl
rabbit moculated intracercbrally on the 30th day of vaccimation 3£3F st
a1 5,000 virus dilution (3 LDy).

I the volume of the vaccinal injections (r.e., the quantity ofncr:":
moculated and the duration of vacciation) 1s varied, the results oblaire:
show that massive injections are more effective than repeated oncs \\?:(’:
2mlare injected daily for 10 consecutive days, phcnohzed yaccine proet!
a 2-hg rabbit intracercbrally 1noculated on the 30th day againsta ¢ m.f\{
virus dilation (15 LD,)." However, when 1 ml js njected day £
20 consceutine days, 1t does not protect the rabbit against 3 1:46/ 2t
dilution, thus tending to confirm the importance of early Pmﬂ:;’
treatment and massive and early njections 1n man after a suspected bre

oh 13
For an actual test o munimum of 6 rabbits 15 used, although !

o
preferable to use 12 ammals, divided nto proups of equal number. (‘lr‘:—y‘
}recenes 2 ml of vacure (59, ussuc suspension) for 10 d3ys. er‘; »
fecenes 2 mb of vacane (° nssue suspenston) for 20 days Group

used v vontrol Thirs e after commencing the adr‘ﬂ"““”";ﬂ s
racvire Groups Land 3 g hallenged intracerebrally with 025 % € "
T o0 dilstion (15 115, of Pasteur-strain fived virus; GrosP
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FIG, 1. INOCULATION INTO MASSETER MUSCLE, USING DOG

v
!
'

By courtesy of Dr F Perex-Gallardo Madrid

28-35 days old These mce are observed for 21 days and the number of
dead mice 15 recorded daly, After the pened of obsetvation, the LDy

tire of each prep. 15 lated (for I see section 13,
page 122)

Tn order 10 make a large virus pool, only those glands of wiuch the
titte exceeds 107% LDy, are pooled.

Preparation of the pool

The glands are removed from the freezer, thawed, cut into small preces
vith scissors, and put into a Wanng blendor with enough sterile 10%
normal rabbit serum Jogi

[t-solutton to make a 20% susp
by weight The blendor is sct m motion for 2 or 3 minutes only, in order




Section 15 *

POTEN

' TEST FOR CHICKEN-EMBRYO VACCINE

L)

s

The test consists of the i lation of guinca-pigt
«mchen-embryo vaccine, followed three weeks later by challenge of ¥
mmals with street virus,

wtnea-pigs

Gurrtea-pigs weighing not less than 400 g should be chosen. Theue
of Iighter amimals is inadvisable.

Immunization procedure

If the presently available chicken-embryo vaccine (335 tissie ’":m
sion) 15 used, 025 ml of 5% tissue suspension per guinea-pig s.h:“b‘g
injected 1ntr larly into the gastr ius muscle of the nl; lrtr;:
feg of ezch gumea-pig. The vaccine should be rehydrated with £675
distilied water shortly before inoculation and the required difusion 835
be made in stenile, disulled water.

Preparation of challenge material

Adult dogs are injected wath 0.1 ml of a suspension of 13\(«!5‘1:5
submaxillary-gland ussue kept frozen at ~70°C. Thuﬂjﬁf“on l:, 1
into the masseter muscle, using a 1-ml syringe and a .()-g-\u:""”
{090 > 25.mm) needle (sce fig 1). Whentheamimals die after sho
of ratues, or when they are sacnificed when moribund, l.ht Sl{hwll\ﬂ‘
gland tissuc 15 Temosed, a small piece is scpnm(ed by cutting wit fos T
and the remainder 15 frozen sn a large Petri dish and heptina "m‘;. :
at S0°C to - 70°C  The selected portion 15 ground |'n a mOﬂg,l'ﬂ
enouch 107 normal rabbit serum  phystological-salt-sobution wm” e
suspension by weight  This suspension is then centnfuged 1» ere
head centrifuge for one minute at 1,000 revolutions pef mmuﬂh g
and the supernatant fiquid 15 separated. Tenfold dilutions of L:ua o
natant hiquid are made 1n 10°; normal rabbit serum: Ph)’wlﬁ,"\w Ll
solution and 003 ml 1s injected 1ntracerebrally info Swss

e

Pras
* Contribur, (349

nd faberus!
Lrderle Laboy

ed by Hilary Koprowski Asystant Directof, ¥iral ST Rier N

Tatones Divivion American € yanamid Company, Pear
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animals. So far, only two street-virus pools have been used for challenx
purposes in this laboratory, and it has been observed that 0.1 ml of ;8
dilution or 02 ml of 1:80 dilution of canine saltvary-gland tisstes, 1t
fected with the New York City strain and prepared as outlined on poxt
129, d an 1l hallenge inocul

In the actual test, 80% of the control animals should die of rabies srd
703, of the vaccinated guinea-pigs should survive challenge moculitor
without showing any symptoms of rabies. This test very closcly parallcs
events occurring in nature and can be performed with relatnely Lite
labour. Only one inoculation with vaceine and one challenge moculities
are required. By employing locally isolated street-vicus strain for chalkease
purposes, the test can be used to evaluate the potency of chichen-embnd
vacemnes in different geographical areas of the world against dxﬂ':rr:!
strains of rabies, It has a disadvantage tn that it requires dogs for L3¢
preparation of challenge virus, However, ifa potent preparatton of salvany:
gland tissue is employed, a relatively small number of dogs will suffeto
yield a preparation which can be used for a long period of time for chatlerg?
purposes.
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Section 16 *
METHOD USED AT INSTITUT PASTEUR, PARIS

The Insutut Pastenr antirabies serum 1s prepared from horses hyper-
mmmunized with fixed virus, This serum can be produced either i the
crude state, or punified and concentrated

Rabies stramn

The rabses strain used 1s the Institut Pasteur fived-virus stramn which
has always been employed there for immunization against rabies. The
charactenstics of the stram and the method of maintaining 1t in the rabbit
are dealt with in section 6 (A), page 77

Method of ynmunization

The horses are ized by } They are
first given an imitial series of ijections of phenolized rabies vicus, s e.,
antirabies vaccine prepared 1n the same way as that for human use, as
described in section 6 (A), page 81, but employing rabbit bram 1nstead of
sheep brain  The vaccine 15 used for the first injections after incubation for
eight days at -+4°C  Thereafter, more freshly prepared vaccines are used.

After this 1mtial immunmization with phenolized vacane, the horses
next recene the non-attenuated fised virus  Finally, according to the titre
reached duning the are d with the alterna-
tive addition of adjuvants

Once a suitable titre has been reached, the horses are re-moculated every
month and are then bled agam

Immumzanon schedule and doses

‘Young horses 1n a good state of health are used, Immunization s carred
out according to the followng plan

Furst sertes  phenolized fived virus

Frst injection 40 m1
One week afiernards 80 mt ; 5% rabbit bran, phenolized
Ooe week afterwards 120 t1

Fans, Gminbuted by Prerre Lépime (Chief, Virus Section) and P Atanasiu, Institut Pasteor,
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Section 16*
METHOD USED AT INSTITUT PASTEUR, PARIS

. . byrete
The Institut Pasteur antirabics serum is prepared fromdho:rs “3‘17‘::

immynized with fixed virus  This serum can be preduced enher

cruds state, of purified and concentrated.

Rabues strans
The rabies stram used 15 the Instiut Pastens Gredrus strain which
has ahvays been employed there for wnmunyzation agatnst rabies. The

charactenstics of the stramn and the method of maintaining 1t in the rabbit
are dealt with i section 6 (A), page 71

Method of immunization

The horses are b i

y They are
first grven an mitial senes of injections of phenolized rabies vitus, i c.,
aturabies vaceme prepared 1n the same way as that for human wse, a3
deseribed o section 6 (AY, page 81, but employing rabbat brain instead of
sheep bran The vacaire 15 used for the first 1njections after wncubation for
aight days at +4°C  Thereafter, more freshly prepared saceines are used,

Alter this mitial immumzation with phenolized vaccire, the horses
fiext recetve the non-attenuated fixed virus - Finally, according 10 the titee
Teached during immunization, the injections are continued with the alterna.
tive addstion of adpwvants

Ouce a suitable wtee has been reached, the horses are re-inoculated es ery
month and are then bled again

Inmunization schedule and doses

Voung horses in a gaod state of health are ysed.

Immunization is carmed
out according 1o the following plan
Fuest series  phenolized fived wius
Hirst mjection 40 m
One week afternards 30 mi
11 5% rabbut bram, ph
One week afterwards 20m hemlred

P Sypurbuted by Prre Léoime (Chief,

Virus Section) and P, Atanasa, Tnstitat Pasteus,
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For this series, as for those following, the injections are made at several
Foints 5o as to dustribute the injection mass ard to ensure rapid absorption,
Little if any reactton 15 observed at the site of the tnjections.

Second sertes : fresh fived virus
The second serics commaences immedistely afier an intersal of one weelk.
First injection * half a rabbit bramn (fresh fixed virus) suspended in 50 ml of distilled
water
Sccond njection : one whole fabbit brain in 100 ml of drstilled water
Third 1njection : two whole rabbit brains i 150 ml of dustiled water

A control bleeding 1s carried out a week after the third injection of the
second series. According to the results and the titee obtained, immuni-
zation is stopped, or the second scries is repeated, adding supplementary
antigen injected intramuscularly with zdjusants, Varous adjuvants may
be employed, but the best results are obtamned wnth sodium alum ina
concentration of 4; 1,000 in the suspension injected.  Muneral-otl dernaties
with an emulsifier totalling one-third the quantuty of injected material can
also be used, but they are less advisable than sodm alum. The final
titre of the antirabies serum 15 normally reached between the second and
third month (sce section 18, page 139, for potency test).

Mamenance of immumzation

Blood 15 harscsted at this stage and the horses are allowed to rest for
a mornth  Subsequently, immunized horses receive every 'monl?I two
rabbit brains (fresh fived rabies virus}, injected as with the third injection
of the second series. The horses are bled a week after this rcmfurv;fng
tnjection. They zre allowed to rest completely for ore month during
the year



Section 17*

METHOD USED AT ISTITUTO SIEROTERAPICO
E VACCINOGENO TOSCANO, SIENA

Of the various animal species, whether smalf or farge 1n size, the equine
—in particular the horse—should be considered the animal of chowce for
the preparation of antirabies serum,

The production of hypenmmune serum 1n the horse, started by Fermi
in 1909, is related to the quahty of the antigen used, the doses jected,
and the thythm of the injections, The antigen used by the authors con.
sists of Ferrm's phenolized antirabies vacane (* Sassan ™ wirus), freshly
Prepated, and injected subcutaneously in a dose of 10-20 ml every day
for 1 month

A bleeding 78 days after the fast mjection of the first series shows,
however, that the presence of viruaidal antibodies in the amimals’ sera 1s
stlt not hugh at this stage, although they are clearfy present 1n all the sub-
jects treated, On gwing the animals a rest penod of a month and carrying
out a second series of injections, a serum whose virucidal value is dauble,
treble, or even higher 1s obtamed  After a further rest peniod of from two
to three months, and following another senes of vaccine jections, a very
powerful serum 15 obtained, of which a 1-ml dose 15 capable of neuvtralizing
up to one million or more doses lethal for the gunea-pig

The production of a good antirabies serum in A fresh horse appears,
however, to be very slow, calling for several rest penods alternating with
an immumzation series  On the other hard, antibodies are rapidly and
intensively produced 1n horses which have undergone previous immuni-
zation

Amimals which have receved a basic immunization with phenolized
vacemne are also not harmfully affected by the mjection of high doses of
lving and virulent virus, thus making 1t possible to brng about immuni-
zalion more readily  As m the production of antitoxic sera (diphthena
and tetanus), animals which are good p of serum are
side by side with mediocre or even refractory subjects. On a reduced
Scale, the course of anurabies serum production s very stmilar to that of
antitetanus serum , the rapsdsty and 1ntensity of production of this s well

Tosang SPUSS by O ¢ Antona & £ Falchett Isttuto Sserotecapico € Vaccinozeno
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known 1n the case of horses subj; d to ref d cycles of
or to previous vaccination. It is thus possible to prepare a powerful mived
antitctanus and antirabies serum at the same time by simultancous injee-
tion into the animal of the corresponding antigens (tetanus toxoid or toun,
and antirabies vaccine). As with the tetanus antitoxin, the virucidal ant-
bodies scem to be distnibuted in the pseudoglobulin fractions of the scrum,
and to a reduced extent in the cuglobulin fraction, The antrabies scrum
may be concentrated and punfied, however, by the same techniques as
apply to the antitoxic sera, including peptic digestion,

The antirabies serum is remarkably stable and retamns its propertics in
a refrigerator for several years, as well as resisting even prolonged heatng
at 58°-60"C.

Titration of the sirucidal antibodues 1s carried out by the authors using
mn vitro mixtures of different dilutions of the scrum and an emulsion of
virus (brain tissuc) with a defimte, known virulence. After standing for
one hour at 37°C, the muxtures are tnjected intracercbrally into guinca-pigs
m a dose of 0.2 mi, and the titre is calculated on the basis of the dilutions
able to protect 807 of the ammals.



Section 18%
POTENCY TEST OF ANTIRABIES SERUM

Potency test

This test s essentially the same as the Serum-virus nevtralization test
m mice desenibed in section 5, page 69 The test must be performed with
serum before the addution of any chemical preservatives

Test ammal: Normal mice of either sex weighing {0-14 g each are
used In any one test, mice of only one sex are used,

Test vrus: Any standard strain of rabies virus of known potency may
be used

Reference antirabies serum A teference serum distributed by WHO
sill be avarfabie for use 1n the potency test for comparative purposes when
standardizing all antirabies sera This serum will be supphed 1n the dry
form, and instructions for redissolving wall be sent with each shipment,
Its potency 15 adjusted so that when muted in final concentration with not
less than 31 6 LDy, and not more than 316 LD;, of one patt of virus sus.
pension, the protective titre (50% end-p ) wilt be not less
than 1300 dilution,

Procedure Semal twofold dilutions of both the serum under test and
the reference serum are prepared n 2% normal serum 1 distified water
or physiological salt solution  Six serral twofold dilutions, starting at
1°50 and continuing through to 11,600, are usually sufficient for the
reference serum, and 1 125 through to 1 4,000 for the serum under test
These diutions will reveal a 25 potency factor required of the serum
under test Equal quantities of a suspension of fest virus are added to the
dilutions of serum, The muxtures are mcubated 1n a 379C water-bath for
one hour, and 0 03-m1 q are injected b nto the mice.
At least 10 mice are injected for each mixture  The amount of virus used
1s such that each mouse recerves not less than 31 6 LDy, and not more
than 316 LDy, The mice are observed for two weeks For a setum under

test, s mimmum acceptable potency should be 2.5 tumes that of the
teference serum

arSomnbuted by fhlary Koprowsta Director Viral aad Ricketisial Research Leder)
e
Lsbrraiones Dission ‘Amencan Craramd Company Feart Rover hY TR
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Sterihty test

The contents of the final container should be sterile, as indicated by
culturing the entire recommended dose, except that the amount cultured
need not exceed 5.0 ml. The culture should be made in one or more tubes
of fluid thioglycollate medum or other standard media with sufficient
dilution for the presenatne no longer 1o exert a bacteriostatie effect.
Incubation is at 32°C, with observation for at least 7 days.
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Section 19*

BREEDING AND CARE OF LABORATORY Al

Breeding stock

This is pechaps the most important matter in the establishment of a
breeding colony for mice or other laboratory animals Every variety of
animal has certan natural diseases, many of which can be eliminated by
proper segregation of mature ammals and testing for the presence of
disease in isolated famihes,

The imbred white mouse 15 the most widely-used expermmental ammal
m virus laboratories. Certain genctic hines of white mice hasve been found
10 be hughly susceptible to a wide variety of virus diseases Other genetic
hines or varieties of white mice are known to be resistant to certam virus
diseases ; for instance, one genetic vanety of white mice is resistant to
17D yellow-fever-saceine virus, ard when noculated mtracerebrally with
this virus the mice do not sicken ard die, while other genetic types umi-
formly die of this infection

Breeding stock can be obtained from mouse colonies that have been
tested and found free of paratyphoid and salmonella 1ntestinal bacterial
snfections, bartonella ard tovoplasma parasttes, and the more common
viruses such as mouse
and ectromelia

. yelitis, lymy chor p

It 1s possible that vaccinia virus used for immumization of man may
be ntroduced 1nto a mouse colony and may produce a disease simar to,
and antigenically 1dentical with, ectromeha disease  There 15 a rte-borne
nckettsial infection of wild mece caused by Rickettsia akari, which could
be ntroduced nto breeding colontes of mice  Faecal droppings of wild
mice can troduce mouse encephalomyehtis virus to breeding boxes
and 50 mfect breeding stock previously known to be free of this disease

All lines of white mice appear to be umformly susceptible to rabies
street virus moculated mtracerebrally

Housing

The colony of normal mice should be 1n a room by itself and 1nocu-
Tated mice must not be allowed m the same unit It 15 preferable 1o have

* Comtnibuted by Harald N Johnson Virus Research Centre Poona, India
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the breeding colony on another floor or in a diflerent building from the
room used for infected animals.

The windows of the breeding room must be sercened to heep out flies
and mosquitos, as these insects may introduce bacterial, parasiic, and
sirus infections. The entry to the breeding room should have a vestibule
with a screened door, The floor should be washable and of a material
which would prevent entry of wild mice or other rodents. The roof should
be constructed or reconditioned to prevent the entry of rodents and birds,

Mice cannot stand high T and the temy of the
breeding room must be kept at under 100°C.

Caretakers for ammals

Persons who work in the rooms containing infected mice should not
be allowed to do any of the work i the breeding quarters for normal mice.
Caretakers should be instructed to scrub the hands with a brush 1n soap
and water, and to clean the finger-nails with a stick before begmning
work and whenever there is a Nikelthood of contamination, Intestinal
nfections of mice, such as paratyphoid and salmonelia, may be introduced
by carctakers’ handling food or water-bottles with inated hands

Cages and bedding
Cages for mice are ordinanly constructed from galvanized iron with
a heavy wire-mesh section in the hd for ventilation, Water-bottles are
Coen

necessary for heeeding havee  Tfsbaoa op oo w2 . of the
. PR . Lt . 1shin;

" o PN .. . - Wood
. GO e [ T shells

fae T

niay ve used Jor bedding.
Food

Al food must be protected from fodents and insects by smr.\g; u:
metal contginers with suitable lids. Whole gram such as unmnllc({ u‘ t‘.;e
15 3 complete food for mice. For breeding stock 1t s advisable 1o ind u'
powdered milk 1n the diet  An excellent method of feeding :mc_cn:! ;
prepare a whole-wheat cereal 2 d powdered ;m !:hr;’
saft, alfow 1t to set, and then cut 1t 1nto blocks for feeding  This furnt
both food + d water

Metkod of n2 up breeding colony
e together

Forrapsd  reeding it 15 best to keep two (cmaksinnd one mal et
all the ume * the breeders are discarded. This ensures 3 A€
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every thee wechs and simplifies the handling of the amimals. For some
pusposes it may be preferable 10 have five females and one male in a stock
breeding box and to remove the females when they become obviously
pregnant; these are then put 1nto a box by themsehes and returned to
the same breeding box at the end of the weaning period  This method
gues a check of the number of mice per hiter and a more exact record
of age, but it is not ustified 1n most diagnostic taboratories as 1t takes too
fong to produce a fitter from each mouse. Breeder femates which do not
become pregnant in three wecks are removed from the breeding colony
and used for routine purposes.

Tesung for presence of disease in breeding colony

1t 15 posuible to test for the presence of mouse encephalomyehtis vieus
by collecung a stool-specimen poo! from a box of 50 mice of weaming age.
This material should be ground in a mortar with saline solution to make a
concentration of about 10%, and centrifuged at top speed in an ordary hor-
2ontal or angle-head centrifuge for one hour to sediment as much of the
bactenial content as possible. Then take off the supernatant fluid, add to
1t peniaillin to a concentration of 500 units per mi and streptomycin to 2
concentration of 1 mg per mi, and test this matenial by inoculation of
003-ml amounts intracerebrally into each of 10 mice Use six-week-old
mice for the test. Jf paralysis develops sn the noculated mice at from
4 \5: 30 days after moculation, check bramn umpressions for bacteria by
staiting and culture methods ; if no bacteria ate found in the stained pre-
parations, subpass to other mice and, if these are consistently mfected,
check speaifieity of the virus by serum neutrahzation test If encephaio-
myelitis virus is present in the colony there should be no difficulty m
obtaining the virus by the method outlined above  Most faboratory colonies
of white mice harbour this virus in the intestinal tract and only rarely do
mice deselop paralyss The virus may be ssolated 1 subpassage studies
by chance selection of a mouse having a systemnc infection with the natural
VIfus There are nstances where subpassage 1 mice of a neurotropic
Virus, such as rabies fixed virus, may result 1n loss of the fixed virus and
the maintenance of a fixed stran of mouse encephalomyelitis virus of
about the same 1ncubation period as that produced by fixed rabies virus.
Subpassage of the virus through rabbits will eliminate the mouse encephalo-
myelitis virus snfection, Hamsters are suscepuble to nfecuon with the

mouse P yelitis virus when lated ly

For lymphocytic choromemngitis virus and several other chronic infec-
tions of mice, it 1s best to test individual spleen specimens from at least
10 mice selected at random from among tho- to three-week-old mice
obtained from the breeding colony Prepare suspensions of spleen tissue
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by grinding in @ mortar in saline solution to make a 103/ tssue suspension.
Centrifuge at low specd for 10 minutes, or prel'crably allow to settle by
standmg 1n the refrigerator for 30 minutes ; then take off the supernatant
fluid and test by intracercbral inoculation of 0.03 ml into each of 10 mice.
Tmophsma infection may also be picked up by this method, although
if (hls is suspected it is best go test the whole tissue suspcnsxon without

The of pl in brain jmp can be
dctcrmmcd by ﬁmlmn of the impressions in methy! alcohol and staining
with Giemsa stain. The course of the disease and incubation period of
tovoplasma infection and rabies fixed-virus infection is simdar in mice
infected by intracerebral inoculation. Informatton on other diseases wifl
be found in the UFAW handbook edited by Worden, for which the
reference is given on page 149,

Ectoparasites of mice

Mice should be ined for the p of ites such as mites
and mange parasttes. If found, such ccndmons may bc handled by dipping
the mice or treating them with insccticides. Natural infections of mite
ongin must be prevented by not allowing wild mice access to the mouse
brtcdmg quarters,
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VETERINARY PUBLIC-HEALTH
PUBLICATIONS OF WHO

WORLD HEALTH ORGANIZATION :
MONOGRAPH SERIES

This sertes contains tmportant contributions to public-health
terature which give guidance on questions of internationat signi-
ficance, and provide & source of mformation not otherwise
readily available

No 14
MILK PASTEURIZATION
Planning, Plant, Operation, and Control
H.D KAY,J R CUTTELL,H S HALL,A T R MATTICK & A ROWLANDS

This monograph 13 a joist FAO/WHO publication designed for all those concerned
with the planmng of pasteurization schemes or with pasteunzation Jegislation It 1s an
abundantly iliustrated work on modern techniques, 1 which the authors discuss the
defintion and background of modern pasteunzation, the buldings, plant, and methods
that should be used, and the problems of labaratory control ~ Annexes ist the necessary
Taboratory equipment and deat with pasteurization lepistation  This monograph shoutd
also be valuable 1n the training of plant foremen and mitk-taboratory workers

English edstion, 1953, 203 pages, 93 figures, 3 tables

French edition, 1953, 222 pages, 93 figures, 3 tables

12/6 $250  Sw fr 10—

No 19
ADVANCES IN THE CONTROL OF ZOONOSES
Bovine Tub - -1 irosis - Q Fever - Rabies

WHOIFAO Seminar on Zoonvses, Vienna, Novemher 1952

Zoonoses 15 a relatively new term designaung those diseases which are naturally
transmitted between vertebrate animals and man Thest control 1s one of the major
fields of etennary public-health fn November 1952, FAO and WHO invited to a semi
nar m Vienna about 50 medical and veterinary speciahists, from 20 countries, to conssder
the problems raised by the five zaonoses which are most often met with in Europe The
Papers read and the discussions which followed are recorded 1n this jontly published
monograph  Veterinarians, physieians, and public-health officials should find here
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TOXIC HAZARDS OF CERTAIN PESTICIDES TO MAN — J. M Bores (1347
76 SIS0 Sw.fr. 6 —

THE AFRICAN MIND IN HEALTH AND DISEASE ~ J € Corcthers (1951}
10/- 5200 Sw fr. § —

DESIGN AND OPERATION OF SEPTIC TANKS (1953)
10°- SIS0 Sw fr 6~

ADVANCES IN THE CONTROL OF ZOONOSES (195%)
15/~ S300  Sw.fr. 12—

INFLUENZA : A REVIEW OF CURRENT RESEARCH (1954)
176 $250  Sw fr. 10—

L'HOPITAL RURAL — R. F. Bridgman (1954)

13/6  S200 Sw fr 8— Frghsh edition 1 preparaten

PLAGUE - R Polliuzer (1954)

£3 $900  Sw, fr. 36 — (paperbound)
£355  SI000  Sw, fr, 40— (clothbound)

LABORATORY TECHNIQUES IN RABIES (1954)
£ $300  Sw.fr. 12— (paperbound)
£13%5  $100 Sw fr 16— (clothbound)

DONOVANOSIS — R V. Rajom & P. N. Rangich (1959
10- $1350 Sw fr 6 —

BULLETIN OF THE WORLD HEALTH ORGANIZATION

public-health personnet are
signifhant studies of
fic control methody

From time to ume articles of nterest (o veterin3ry
published 1n the Buletin, which 1s largely desoted to internationally
the distribution of discases, and of the results achiesed by spect the sub-
A number 1o be 1ssued shortly compriscs a selection of the papers preseated "R i
watian on rabics of the Srsth Internstional Congress for Microbiolagy, held in Ro s
September 1981 Contnbutions to this issue come from mae different Gnuﬂlli:‘:m.‘h
Lorer the epidemiology and epirootiology of rabies, messures for iy Cnﬂlc;‘ "
and man methods of vaccine production, and recent experimenta) resears:

icles 1n either or Trench w ted
, ' French with a deta'c
Publican o wming ongmal articles 1n either Fnglsh h b o

summgn i 1 { language Two volumes are pubhthed ann
consts s T4 numbers
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Lo mon . S0 s
Sue omi nc volume ean sU0
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No. 67
BRUCELLOSIS

Second report of the Joint FAO[W HO Expert Commitiee
33 pages, first impression, 1953

The second report, hike the first, summanzes the latest knowledge in human and
animal brucetlosis  Diagnostic problems and advances in the therapy of human brucel-
losis are dered ; and for the of cattle are
reviewsd ; and the various diagnostic tests carried out on mulk, 2s Well as the most
reliable methods for the 1solation, culture, and identification of Bruceils, are described,
The activities of the twelve FAQ/WHO bruceliosis centres established over the world
within recent years are summarized  This report, which represents a clear statement
of the problem in 1s scientific and practical aspects, will stmulate the research worker
and will be of great value to those responsible for the organization of the control of
smmal gnd human brucellosts

2. 3025 Swfe t—

No 40

ZOONOSES
Report on the first session of the Jount WHO[FAO Expert Group
47 pages, second impression, 1953

Zoonoses are defined as * those diseases which are naturally transmutted between
sertebrate animals and man** A hist of the zoonoses, comprising more than 80 discases,
15 appended, but the report 13 mamly concerned with five—bovine tuberculosis, Q fever,
anthrax, pittacosts, and hydatidosis  These diseases are covered from the standpormt
of trainung, prevention, and control 1n man and ammals

The responsibilities of the public-health vetermanan are outhned on the basis of a
defintion of vetenmary public-health a3 comprising * all the commurnty eflortsinfluene.
g ot anfluenced by the veterinary medical arts and sciences applied 10 the prevention
of disease, protection of lifc, and promotion of the well-being and efficiency of man ™.
The traming of vetennary public-health specialists 1 detarled 1n an annex

213 3030 Sw fr. 120



much valuable technical information, and fresh ideas for a joint 2ttack on theit commen
problems,
Enghsh edition, 195
French edition, 195

275 pages, 32 figures, 24 tables
about 300 pages, 32 figurcs, 23 tables
15~ 5300 Sw.fr. 1)

WORLD HEALTH ORGANIZATION :
TECHNICAL REPORT SERIES

Thus scries contains the reports of WHO expert committees, sub-

i Jornd with other 1 agencies,
and other study and advisory proups The followtng issucs
are of special interest 1n the sctennary public-health field.

No. 238
RABIES
Report on the first session of the Expert Commistee
26 pages, third impression, 1953
This report summarizes the advances in the preention snd control of fabics in man
and antmals, and contains pertinent recommendations, and suggestions for future

rescarch
16 $020 Sw.fr, 080

No 82
RABIES
Second report of the Expert Commuttee
27 pages, first impression, 1954
The second report of the WHO Expert Committee on Rabtes should be read v;
conjunction with the first In it, the commuteee considers the results of rlN"mf"‘“
studies and field trals of hypersmmune scrum-saceine combinations in man, new chivhen-

embryo vacernes for use 1n animals, control of witd!ife, and modificanions isdicated !;vr
the presenton and control of ths disease under Yarying circumstances throughout the

world v 03 Sefei-

No 37
BRUCELLOSIS
Report on the first session of the Joint $AQ]W HQ Expert Fanc!
34 pages, second empression, 1933

The < muders the twofold aspect of brucclosts as # world rmbk"\—“‘) :;
publiv e h as @ discase transmitted from animaly fo man, snd 1 4 ‘::;:—n'\
fod prov 4 14 in ammal industry. since 1t produces abottion, decredwed Mt
yoehd, and ar permancat iafectlity among hvestock  Detaiked recomnen
tions far huma 1oy and for control of the discate in cattlc, sheep, and §o3!
pen ansavied. 3o

In annexes 1o the panct s report, the control of brucelloss 12 Fwine i x:- drw;m’
“arious testy and s «d 1n the bacteriological diagnoss of the diesse 3%¢
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