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The objective of this investigallon was to compare the
sensitivity of the intra-cranial and inmira~muscular rountes of
jnoculation of street ravies virus. ‘nis was done by deteralning

the time of appearance of legri bodies end/for infectivity in the
srain and salivary slands of experirenially infected Swiss white mice,
Individual wroups of five wice incculaied by eilher of ihese roules
were sacrificed at daily intervals urlil ihey died of tne infection,
Srain and salivary zlands froo each mouse were exandned by fhree
methods: &) standard impression smear technictue, b) mouse inleclivity
test, and c)lluorescent antibody technivue., rhen oblainable, saliva
sansles were also examined by the wmouse infectivity test.

Out of 40 mice injected by the inlra-cranial rouge, 33 showed
rrl bhodlies when brains were eyamlneu by the standard impression
smear technisue; in one mouse they were detect-d as early as the Tifth
post-inocnlation day. The salivary glands failed to show Negrigenesis
when examined by this method. The presence of infectivity wos
Jeasnsirated in ihe brain of 43 mice and preceded by one day the
aspearance of Fegri bodies, Unly three mice were (ound to excrete
virus in salivary zlands: the first on the eighth, ihe second on the
rinth and the third on the Lenth vosl-inoculalion duy. Haliva “rom
the second of these thrng aice yroved infectious. ‘ables viral'antigen
was revealed by the flucrescent antibody technivue in tha brein of alrl
five mice sucrificed on the second pogi-incculation day, in that of Wwo
of ihe five killed on the third pozi-~inoculation day and in that of
every mouse theresfter. This method, like the direct suear examination,

3id not detect evidence of infectlon in any of the salivary glands,
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The lower sensitiviiy of the intra-ruscular route of injeetion
«as evidenced by the late appearance and the marked irrerularity of

both lesions and infeetivity in the 125 mice thus incculated. Unly 1

G

developed legricenesis in the brain; the earliiesht by the 10th nomt-
fnoculation day. Thirty-thiree mouse brains proved to harboar virus
by the mouse infecllivity test. The appearance of infectivity did not
precede that of legri hedies in the bfain‘tiSSue. Unly reur mice
evereted virus ih salivary glands., ‘wo saliva samples exhilkited
infecﬁivity. The fluorescent antibody‘technique detécted rnhiés viral
antigen in iélﬁegri-positivé ard 20 RNegri-negative bralus, seven cf
the latter veins also non-infective Tor mice. Four brains Pourki Lo
contain virus were‘missed Ty tﬁis iteehnique, although three of the
four discleosed Nerrigenesis. Fositive resuiis were obtained by the
fluorescent antibody techmiqﬁe wiih éil &ogse-infechivé sdlifury glandse
amene fleld brain specimens from 100 domesiic and wild animils,
11 revealed evidence of infection Ly ine standard iwmpression smear
tecnnicue, 54 by the mousé‘infectivity testband ) by ine fluorescent
anéihud; techninuce

The resulis of thess studies indicate that the intra=cranial

fato

route of inoculatien is more ﬁensitive than the intra-musculsr one
for the rapid deicction of sireet rables virus infection in Ywiss
wnite mice, Braln also proved 1o he the mdst cratisfactory tizsue Jor
this pdr?ose. Wf toe maihods empleyed, the standurd impression'smear
tecuniszue was found the icast sensitive. In conirast to what was
obsarved in experiuestal mice; the mowse infectiviiy test appﬁared‘
nore sensitive than the [luorescent aniibody technique for the

ergaingtion of field brain specinense
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STUNIES ON THE BRAIN SALIVAHT GLANDS

A SALIVA OF WICK IXPERIMERTALLY INFECTED

WITH STREET RABIMS VIRUS

INTLDUCTION

Biabies has been known in animals and man for centuries, and
its present character appears unchanged from that described in early
Greek and Homan Times® (1), However, the etiology and prophylaxis of
the disease remained a mystery until the end of the 12th century. In
1381, Pasteur et al (2) proved that the caussiive agent of the disease
is present in the central nerveus system in a pure and concentrated form,
A few years later, Pasteur (3) reporied the finding of a method for tne
atienuation of the stiological agsmd of rabies,: With this discovery,
the problem of practical immunizatlon against the disease appeared
solved at laste

In 1903, it was shown by Remlinger and itiffat-iley (4} that the
causative agent of rables can pass through a Berkefe;d V filter., In
the same year, Negri (5) demonstrated the presence of apecific cellular
inclusions in the central nervous system of rabid aninals, These
inclusions, called "Negri bodies" in cormemoration of their discoverer,
have considerably facilitated the post-mortem identification of the
disease. |

In Canada, the disgnosis of rabies in aninals has become a
responsibility assumed by veterinary laboratories. ‘he susceptlibilily
of man to rables calls for a close collaboralion between veterinariane
and medical health officers, It also necessltates the application

of adeguate and rapid methods of disgnosis to avoid delay in the
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treatment of persons exposed to suspected animals, uhen Hegri vodies
are found in the brain of such animals, a positive diagnosis of rabies

can be issued immediately from the lasboratory, and appropriate

prophylactic measures undertaken (6). If these specific leslons cannot
be demonstrated, laboratory animals are inoculated as a further means of
finding out if the suspected animal was harbouring the virus., It has
been observed by Negri-Luzziani (6), leach (7), Damon and Uellers (8),
Johnson (9) and other workers that approximately 5 to 15 per cent of
the casaes submitted for laboratory diagnosis may prove to be tpogitive”
on animal inoculation, although microscopic exaaination of the brain
had failed to reveal the presence of Negri bodies. Qur personsl
observations are in general agreement with those montioned above.
During the last five years, .l ver cant of the specimens submitted
to the mouse inoculation test following a hegative microscopic
examination were found to be infected with rabies virus,

¥any factors have to be considered when deteraining which
laboratory animal is best sulted for experimental inoculation purposes,
Tirst of all, this species must be very suscentible to rabies, I£
must also be readily available in large guantities, economical to keep,
ensy amnd safe to handle, and require minimal housiny space so that
several animals may be used for one specimen. S$ince all these require-
nents are best fulfilled by Swiss white‘mice, they were proposed és
experizental animals by Webster and Dawson (10), following their
success in obtaining positive resulils as esarly as seven days after. .

intra-cranial inceulation of street rabies virus in this line of mice,
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At the Animal Disesses Research Inatitute, Hull, Pe«l., Swiss
white mice are also used as experimental animals when virus isolation
has to be attempted from the brain tissue of suspected animzls in which
Nesri bodies cannot be demonsirated, Therefore, it appeared te be of interest
to earry out studies on brain and salivary gland tissues of mice
experimentally infected with street rabies virus by the intra-cranial
and intra-~muscular routes, The iwo main objeciives of these studies
were to determine the time of infectivity of these tissues and the
time of appearance of Negri bodies in the same tissues, The infectivity
of saliva was also investigated in order to obtain information on the
posgible hagard involved in the handling of those animals by laboratory
personnel, The followinz methods of study were used: (a) microscopic
exsmination of impression émears by the standard method, (b) mouse
inoculation test, and (c) micfoscopic examihation of impression snears

by the flucrescent antibody technique.

LITLAaTURE REVIES

HIGTORY

wWebb (11) states in his resuse of the history of rables:
n{4 ig mentioned by Plutarch who asserts that, according to Athenocdorus,
it was Tirst observed in @ankind in the days of the Asclepladae, the
degcendants of Aeeculapius the rod of medicine, The disease waé known
to Homer, and was alluded to by Hippocratus and Demcerituse Allusions

to it sre also found in the works of Virgil, liorace and Ovid,
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The disease was described by aAristotle in the Fourth Céntury Beley wWho
writes: 'Doges suffer {rom madnsss, which puts then in a state of fury,
and all the animals that they bite when in this condition become aiso
attacked with rabies!. In the first part of the Christian era,
“ornelius Celsus referred to human rabies and employed the torm
hydrophobia.

Aceording to Kelser (12), in the first century A.D., Colsus
stated that the disease in humans is caused by a bite of a ravid
animal. Therefore the wound must be thoroughly washed with water
and burned with a hot iron to prevent the development of the disease,
for after the symptoms develop there is no cure and death always
follows. GSalen (a.D. 200), faveured surgical resection of the wound
ares, as menbioned by Jotmsen (13).

However, up to the end of the last century, the exact cause
of rabies was unknown and many psople bellieved in the spontaneous
developuent of the disense. In fact, it was supposed that hot food,
lack of drinking water, unsatisfied sexwal desire and violent nervous

excitement might cause rabies (14).

GrirhafilCah, DISTWIBUTION
iccording to Xelser (12), rabies knows no geographic boundaries
and its presence has been reported from the Artic regions to the Tropicse
iowewer, Australia, Hawaii and Panama have been kept {ree of the diseases
ingland is alsoc free of infeciion at present and has been so for
considerable periods oflﬁime since 1902 owihg to a strieil system of. -
TR

quarantines - |

[
CES S S
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48 early as 1271, rables was known tovoccuri’n westera Lurope
being prevalent among wolves im France. indeed, as Johnson {13) states,
prior to the 13th century rabies was considered to be a dizease of wild
canines with domestic dogs playing no siznificant part in its maintenauce
and spread, The first recorded ‘epizocotic among domestic dogs in urban
centers occurred in Italy during 17C8. By 1728, the disease had anpeared
in epizootic proportions in most of the major cities of Hungary, Gerwany
and France. Although rabies was known in England as early as 1613, it did
not oceur in epizootic proportions among dogs until 1734,

Soon it spread to America since the archives of the btate of
Virginia contain references to rabies in dogs &8s early as 1753, and
those of Morth Carolina as early as 1762, Habies appeared in skunks
of lower California in 1826. &ince thab time, the United Sitates has
experienced other ocutbreaks in wild animals such as foxes s COyoles,
striped and spotted skunks. iabies was nol recognized in Souih america
until 1803 when it appeared among dogs in Peru and in 1306 among
nunting dogs imported into La Flata, Argentina. .

Aabies exists throughoui southwest Asia., It is especially
common in India where the more important vectors are the jJuckal,
fox and wild dog, although mongocses and civeis prebably also constitute
an important wildlife reservoir of the disease in that country end
elsevhere in Asis. Mckendrick (15) mentions that in dapan a very .severe
epigootic of canine rabies broke out in 1923 and lasted a few rears.

In 1908, Dudley (16) reported that canine rabies was of common occurrence
in the Philippine Islandse
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fudson, quoted by Johnson (13), mentions that'rabies nhas been
present {or a long time in Kenya and oceurred in epizootic prdpbiticns
among, jacgals in the period of 1912 to 1916. In South ufrica, rabies
appeared for the first time in 1892 aﬁong doge from Port cliszabeth area,
In 1933, Kicolau et al (17) identified as rabies a peculiar disease of
dogs from ¥est Africa known as "oulou-fato".

Plummer (18) states that in Canada rabies was first shown Lo
oécur in dogs in 1906, Two outbreaks were then noted: one in Alberta
and Saskatchewan, the other in the Niagara peninéula of Untarice
During the period of 1926 to 1931 another epizootic of canine rables
occurred in the Eastern Townships of Qﬁebsc, the infection spreading
+o dontreal and Cttawa. From 194k to 1947, canine rables was present
around windsor, Ontario, In 1947, the infection was diagnosed for Wns
first time in foxes, wolves and sled dogs in the Northwest Térritories.
By 1953,‘rabies had syread over the province of Alberta asd then took an
easterly direction, being disseminated by foxes and other wild animalse
At the . esent time infection is still present in the soulhern part
of Qanitoba, Untario, Qﬁebec, and in the Northwest Territories,

Lassen {19) states that, for at least s hundred years,
epizootics of a disease resémbling rables have raged among the sled
dogé of Lorthern Greenland, It has been noted that very often the
disease broke oul a few ﬁays or weeks after {ighis between dogs amd
t5ad” polir foxes. Ferenbaugh, ouoted by Johnson (13), states that
rabies was known io be epigootic among foxes in Alaska as enrly as 1915,
Chadwick (20) reports that rables was identified in dogs and foxes of

Alaska in 1956,
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<he transmission of the diseage by bats was first recognized

approximntely 50 years ago when Carini (21), in 1911, identified as

rabies a paralytle disease of cattle and other livestock, called “mal

de caderas", which was then prevalent in the southern Brapilian state
of Santa Catharina. He suspected bais as the possible vector, since
some of thess nocturnal animals had been seen attacking cattle in broad
daylight. As mentioned by Fawan (22), this was verified in 1916 by
rlaupt and sehaag who succeeded in producing rabies in a rabbit and a
guinea-piy with brain material from a f{rugivorocus bat of the genus
Phyllosioma which had been caughi biting at a bovine in South Brazila
in 1925, a discase of livestock, characterized by paralysis, uade its
appearance in Trinidad and was identified as rabies by Hstivier (23).

A lew years later, Hurst and Pawan (2i) established that an acute
ascending myelitis of the Landry'; type which had {irsi appeared in -
hunans in Trinidad in 1929 was rabies. There was sirong svidence that
the vector of the disease in both bumans and livestoek was the vampire
bal, since canine rabies had disappeared from the Island after 1912,

in 1936, Torres and (ueiroz Lima, as mentioned by wWilliams (25}, pfoved

conclusively that tovine rables in Brazil was carried by blood-lapping

Chiropiera, especlally by Desmodus rotondus, the most prevalent species of

the family lesmodontidae. 'These results wers confirmed by Pawan (22)

in Trinidad, who ineriminated the same vector in paralytic rabies affecting

humana. “ther investigations soon demonstrated simidar situations
occurring in Argentina, Paraguay, britisn Guiana, Venewuela, Central .

Amerieca and Hexico (26).
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Tierkel (27) mentions that vampire bats are found from northern
Argentina and southern Brazil northward to about’lQO miles south of the
Eio Grande diver in Heﬁico. These bats are not imownto ocecur in the
United :’;tz'a.tés or in vthe eastérn hemisphere., ¥illlams (25) states‘ that
the family Desmodontidae comprises three genera, each.w1th single.

species: (a) Desmondus rotondus, the common vampire bat; (b) Dioenus

. youngi, the white-spotted vaempire; and (c) Riphylla ecaudatg,‘the_

hairy-legged vampire. Unly tne 11rst two occur in Trinldad, These .
three bats are sanruivorous or hematophagous in their feeding habits and
zay inadvertently iransmit paralytic rabiles. veszodus bats usually live in
groups or colonies in rcosts which may be caves, hollow trees, culverts and
the like. Hé‘glso states that vampire bats have.béen known in Trinddad
for over 100 years, aithough it is uncertain for how long they have been
infected with rabises, uowever, he quotes tne following statement from

de Verteull's history of Trinidad, which was first published in 1856:

" *The loss of blood from numerous or repeated biting is, at times, so great,

that large animals, such as oxen, becoue immediately enfeebled and may
die within two to three weeks; this, howsver, happens only at intérvals
of several years, when great loss in livestock 1is ocecasioned to proprietors
of estates",

The natural oscurrence of rabies in insectivorous bats was reported
for the first time from the island of Trinidad by Pawan (22) in 1936,

Seventeen years later, Venters et al (28) isolated the virus of rabies from

an inssctivorous yellow bat (Dasypterus floridsnus) which had bitten a
child near Tampa, Florida, Since then over 600 cases of bat rabies have

been reported from 39 states, involving 25 of the 36 insectiverous species
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distributed throughout the United States (29, 30, 31). The greatest
number of virus isolations have been made from the Fexiean free-tailed

bat (Tadarida brazlliansis mexicana) in the southwestern United States
(32). In 1954, Veeraraghavan, quoted by Burke-Gaffney (33), reported Irom
India the first case of hydrophobia following a bat bite. In Yugoslavia,
Nikolic and Jelesic (3L) isolated the rabies virus from three insectivorous
bats of the Hyctalus noctuls species in 1956, A few years ago, rabies was
also diarnosed in insectivorous bats of Turkey (27)s In Canada, rabies

was reported for the first time in insectivorous bats in 1957 when Avery |

and Tailyour (35) isolated the rables virus from a big brown bat

(Tptesicus fuscus) znd & small brown bat (iyotis lucifuguse) in British
Columbia. In 1958, trey diaghosed'rabies in another big brown bat and in a
silver-haired bat (lesionveteris noctivagans) from the same rrovinces
In 196C, they found two big brown bate infected with rables, again in
Spitish Columbia. Deauregard and Stewart (36) have isolated the virus

of rabies from five biz brown bats of the province of Ontario, since 19561,
shadutinl, PELVALINCR

sccording to Kelser (12), the old idea that rables is a suwaer
diasase was based on the Fact that during the months of.Jhly and augusit
the dor-star Sirius rises with the sun. In ancient times this was believed
to be the cause of dogs goiny mad; hence these two wonths were called
"oz Days”, One can now understend how this erroneous association was
based on the fact that dogs have auch greater freedom in sumser thar in

winter, and thus more facility for contact with each other, other
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animels and man. In Canads, for example, where rabiés is spread by wild

animals such as foxes and skunks, the peak of infection takes place annually

.from early fall through late winter,

BTLOLUGY

Wabies is an infectious disease caused by a filterable virus

whieh has a predilection for nervous tissue (27). Nicolau et al (37) state

that the virus of rabies is strictly neurotropic, spreading along the
nervous axis in a centripetal direction when introduced peripheraily,

Un the other hand, the introduction of the rabies virus in the organism
through the intra-cranial route results in the centrifugal diffusion of
the virus again along the nervous axis. Fegan (38) states that the
virus of rabiss is about 125-150 =m, in diameter; which lies about
halfway between the smallesi viruses such as that of feot-and-mouth disease
and the largest viruses of the psiitacosis group. According to Lepine
(39), the virus of rabies is very resistant to cold, dessication and
glycerol, and somewhat resistant to alcohol, ether and acetone, It is
destroyed by heating for 15 minutes at 50°C,., for five minutes aﬁ 609C,.,
or for two minutes at L009C. It is inactiveted by ulira-violet rays,
proteolytic enzymes and anitiseptics such as phenol and formole

Pasteur et al (L0, L1} designated as Ystreel rabies virus" the

various strains of the agent isoclated from field cases ¢f the disecase

in dogs. uUn the other hand, they used the term Upixed rabies virus" to
{ndicate the particular strains of rables virus obtained following repeated
intra-cerebral passages of the "sireet rabies virus" in the same species

of animals, especially the rabbit. The characteristics of the fixed
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virus are summarized by Havene and Mayfield (42) who Qtnte that rabies
virus adapted to the rabbit by a long series of passages differs in
several respects from the strains found in dogs and other animals in
nature, 'Rob only is it characterized by a uniform period of incubation,
a3 contrasted with the wide variability of street viruses in this
respeci, but it is said to be more neurotropic, infection ocourring
less regularly following injection elsewhere than directly into the
central nervous system, Another difference is the rarity or complete
absence of Negri bodies. Even the occasional ones seen are not tyvical,
being smaller and containing fewer basophilic granules than the
characteristic ones found in the brains of rabid dogs. Furthermore,
these workers have observed that street viruses are more antigenic than

flred virusssa
SUSCTPTIBILITT AND TRANSMISEION

According to Mohler {43), all warm-blocded animals ineluding
man are susceptible to rables infection, the disease usually being
transmitted from animal to animal or to man through bites of rabia
animals excreting the virus in their saliva, ilemlinger (4L, 45)
points ocut that rabies may alsc develop from the contaminalion of
open wounds, abraded mucous membranes and even apparently intact
mueous membranes by virulent salivae. &vidence of transplacental
Lransuission of rables in dogs, gu;nea-pigs and rabbits was also
demonstrated by Konradi (46), and identical findings were obtained. .

in insectivorous bats by S5ims et al (47). Constantine (48) considered
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~ferosols as the probable mschanism of rabies tranemission to experimental
carnivores in Frio Cave, lexase OCn.the other hand, ticks were found

; by Sell et al (49) to be of no significance in the transmission of rabies,

; In2 UBATION PERIOD

_5timson (50) states that tue incubation period of rables is
remarkavie for its length and variability. It is seldom shorter than--
10 days, but it may extend over many months, even a year or moree
The length of the incubation period may be influenced by factors such
as: the specles of animal affected, the site of inoculation, the severity
of the wound, ceritain conditions which tend to weaken the resistance of
the nervous system, the treatment and any variations in the virulence
of diiferent sirains of strest virus. Stimson quotes Dauer's obgervations
on 537 cases of human rabies in which the incubation period varied from
less than 20 days to a little more than a year, with an average of 72 dayse
He also lists the average incubation period in domestic animals, as
given by Friedoerger and Frohner: cattle and horse i=2 weeks, cat -

2-l, weeks, pig 2-3 weeks, sheep 3-4 weeks, poultry 6 weeiks Lo 11 monthse

RERE T oI S TS A SOTAL
SLInTCAl oulndn

As mentioned by Camaleia (51), the two clinical forms of rables,
that is tne furious and the paralytic forms, were known Lo oscur in
animals and man at the time of Pastgur's experimenial work on the

disesse, Uibbons (52) divides the symptomatology of rabies into three

phases: 1l- a premonitory stage, 2- a stage of excitement, and 3~ s

saralytic stage. siagan and druner (53) note that domestic and wild
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carnivorous animals affected with rabies {irst exhibit vague temperament
changes, which are followed in furious rabies by the uttering of strange
cries and_howls and by the development of a very dangerous ferocity,
‘Thie corresponds to the excitation stage in which affected animals

nay travel econsiderable distances, biting and snapping at anything

that attraets their attemtion. If restrained, they will often chew
metal chains or cage bars, which results in damages to their teeth

and buccal mueosa with the appearance of blood in the drooling szlivae

Sometimes these animals do not feel pain or display a perverted appetite,

iMnally, the paralytic stage appears and may last up to 48 hours before
the animal dies, In paralytic or dumb rabies, paralysis usually appears
first in the muscles of the head and neck, As a result, the animal
cannot chew its food, swallow water, or does so with difficulity. The
animal being unable to close its mouth, the.lower jaw hangs down,

#ithin a few hours evidence of paralysis develops in other parts of

the body, 7This is scon followed by general paralysis and death,

According to Raymond (54), furious rabies is manifested in

. herbivorous animals by sexual excitement, greatly increased pugnaclty

and sometimes a tendency to bite. In the paralytic form, these animals
are not aggressive at all. They only appear more dull and stupid than
usual until paralysissets in and is followed by recumbency and death,
Remiinger and Bailly (55) consider as exceptional the occurrence
of avian rabies under natural circumstances, However, they describe
naralytic, furious and abortive experimental casesz of the disease in -

chicken., Paralytic rabies in this species is characterized by feather
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wristling, inappetence, iapsired gait amd prOgreasiveiparalysie resulting
in decubitus and death. In furious ravies birds exhibit agiiation,
convulsive selszuras, tendency to attack other birds, animals and even man.
Tney also displey a change in the voice and inability to swallow ligquids.
The disease ends in general paralysis amd death. abortive forms of

the disease mimic paralytic rables, but thay are charccterized by
uneventful recoverya

Johnson (13) states that in man the onset of rabies is marked
by two to four days of prodomal sysptoms such as intermittent fever,
hesdache, malaise, shallow respiraiions, nausea and sore thrcat. ihe
carly sympiom of mosi diagnostic significance is & painful sensation at
the gite of infection. 7he onset of the exeitement phase is gradual
and marked by increasing nervousness, inscmis exd apprehension. The
outstanding clinical symptom of rabies consists of a msrked difficulty
in svallowing. The sight, smell or sound of liquids often precipltates
spasms of the muscles of the ihroat, hence the term “hydrophotia". 548
the dicease progresses, periods of intense excitexzent aliernate with
periods of quietness. Jost often patlents die in the acute sxcitéﬁant
phase of the disease, during a convulsion, In other insitances, death
Tollows the terminal paralylic stage.

In paralytic rabies there may be constlpation, urine retention
or incontinence or abrnormal stimulation of the sex Qrgans. ni££i¢ulty
in swallowing usunlly does not appear until ihe terminal. phase ol the
disease. Consciousness is also retained until iate in the course af. the

disease, iinally progressive paralysis appears and precedes deathe
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In addition to the various symptoms listed above, iiemlinger (56)

points out that glycosuria is of frequent occurrence in rabid carniveres

< and of constant occurrence in rabid herbivores., JIn experimental rabbits

however it appears late in the disease. This glycosuria would result
from subnormal wtilization of sugar by the rabid animals, Ougar is
abundant in the blood, and hypoglycogenia rather than hyperglycogenia

zoes on in the liver, dJohnson (13) mentions that a reaction for giucose

‘and acetone is given by the urine of most rabid persons.

Despite the irregular lengih of the imcubation perioed . of rabies,
the clinical course of the disease is always relatively shori, usuvally
not. more than a week or so (51, 53). A few reports such as those of

Pasteur et al (57) and Remlinger (58) indicate pousgible recoveries in

natural and expsrimental rabies in animals, Heder, quoted by Camaleia
{51), stated that he knew of five unequivoéal recoveries in human rabies.
Jdowaver, such cases are sc rare that rabies can be considered as an
invariably fatal discase. There is no specific treatment for the diss:use

once the symptoms have developed (13)é
PULLIC P aLTH LIGNIFISLLCE

Human rabies occurs in areas where the disease is prevalent in
animals and is wsually transmitted through bites of rabld animals,
Hutyra et _al (14) mention that the virulence of the saliva of rabid
dogs was {irst demonstrated by Zinke in 1804, and that of herbivorous

animals by Berndt in 1822, It has been shown by Foux and Nocard (5%)

~that infected dogs way exerets virus in the saliva at leasi three days betfore

tue appearance of any symptoms., HLonradi (46) states that the bite bf
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a dor mizht be dengerous ae early as 1hi days before the apnearance

of the symotoms of rabies, Hemlinser (60) demonstrated the virulerce

of the saliva of an experimental dor five days after iis recovery,

It waz Tound by Bequignon et al (61, 62} that tne &iffusion of the

rables virus exereted in the saliva of rabid dors is enhanced by an
enzymatic factor similar to hyaluronidzse, which is normally present

in the saliva of deps, The infectivity of saliva in rabies is attribuied
by Manouelian (63) to the escape of virus from the minute nerve cells
~af the salivary zlands, tongue and mucous membrane of the mouth,

However, rables virns is not always excreted im the saliva of

rabid animals, Indeed, Ouchakoff, guoted by HeRendrick (64), elaims

that the possibility of human infection fellowlng exposure to sallva of
tahid herbivorous anirmals is less than one~-sixtieth per cent,
Veeraraghavan et al (65) showed the presence of virus in the subraxiilary
rlands of only 36 in a groonm of 61 rabid dogs, In the sawe study,

t-egs workers found that saliva may be virulent in both furious and

durd rabies, and in approximately the same percentape of caseg,

Thfough sxperimental investisation Sikes (66) demonstrated that only

10 of 24 rabid foxes, and 15 of 18 rabid skunks excreted virug in their
saliva, Furthersore, not all animals with virus-positive salivary ;lands
exeraeted detectsable amounts of virus in thelr saliva,

Aceording to Leﬁine (39), dogs are resnonsible for 86 pér cent

of the human caseg of rabies, cats for five rer cent, wild carmivores

for 3,5 per cent and ruminanis for two per cent, The smmne author

points out that the likelihood of developine infection followins ovites

bv dAomestie and wild carnivores depends on the site and depth of the

wounds ag vell as on the diffusion rrovperty of hyaluronidase which is

o b st T
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normally present in the saliva of these animals. Although wolves
are resvonsivle for only 0.l per eent »f all bites inflicted to
humans, yet their severity is so rreat that it resulis in 6.8 per cent
of the human rables fatalities,

Fortunztely human cases of rabies have beern relativel¥ rare in
Canada. ‘The first recorded fatslity occurred in 1219 when the fourth

buke of {ichmond died of hydrophobia after beins bitten by his pet fox

(67). wells (68) lists 14 human fatalities due to rabies infection beiween

1925 and 1944 in Guebec, Ontario, Saskatshewnn and Alberta, Mclean et al

(69) report ihat a seven-year old boy of Port Perry, Ontario, died of
rabies in 1959, approximately six weeks after being bitten by a skunk,
In the same year a man of Peterborough, Untario, also died of the
disease (70).

In mome instancos human rabies has'been found to be an
occupational disease, Ustertag, as mentioned by Mohler (43), records
the case ol a vetsrinary siudent at Copenhapen who infected a wound
on his finger while making an autopsy on a rabid dog and died of the
disease, iiymphrsy et al (71) mention that an entomolomist and a
consultant nining engineer died of rables after working 4n Frio Cave,
Texas, where bats are very numerous and known to be infected with
the virus, .

hemlinger (56) sadys that rabies contaminaztion from human to
wiyean is open to question, However, as mentioned by Meyer (72), Fermi
states that tne mother of Malpirhi died of rubies in the 17th century

after a bite inflicted by her dauphter. #Hohler (43) recalls the case of




=20~

a Cuban woman in the early stages of raplies who transmitisd the.
disease Lo her nursing baby apparently through her milk,:

The susceptibility of humans to rabies infection raises the
problem: ;f the disposition of meat and milk from infected sninals,
siohler {43) considers that rabies cannot be transmitted to normal
animals through virulent food unless lesions are present in the
alimentary ¢canal. He also mentions Wyrsykowski's findinus that
gastric juice has a deleterious effect upon the virus of rabies,
iiowever, Fermi, quoted by Marie (73), succeeded experimentally in
infecting rats and mice by the oral rocute at the rate of 78 and L2
per cent respectively., The infectiviiy of milk and mammary gland
tissue of rabid dogs, guinea-pigs and rabbits was demonstirated by
nemlinger and sailly (74), and by Jonmsen (75). liowsver,.i&colas
(76) failed to isolate virus {rom either the milk or mammary gland
tissue of herbivorous animals affected with cliniecal rabies or
inoculated by the intra-venous roubte with virulent emulsions, In spite
of this, Schoening (77) maintains that the milk from a rabid or
suspected rablid cow should be condemned as unfit for consumption,

“ith regard to the disposition of suspect meat, he quotes the
reconmendation of the International iabies Conference, held in Paris

in 1927: "Animals bitten by rabid animals, whether trested or not after
thie bite, should not be butchered between the eighth day and, at the
very leust, the end of the third month following the bite",

Leblanc, quoted by Courmont and Panisset (78), states that - - -
before the discovery of the Pasteurian treatment approximately 16 per

ceni of the persons bitten by rabid animals vere dying of the disease,
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Lepine and Gruveilhier (79) report that during the first 50 vears
fallowing the introduction of anti-rables vaccination, 51,057 persons
were treated at the Pasteur Institute in Parie, of which only 151 or
0.29 per cent died oi the disease,

According to Pasteur's original method (3), patients were given
approzimately 1 sub-cutsneous injections of vaccine in as many dayse
The vaccine consisted of an emulsion of dessicated spinal cord tissue
from rabbits infected with fixed rabies virus. The segment of spinal
cord used for the first injection had been previously dessicated for
1 days in dry air in largs bottles containing caustic potash. The
segment used for the second injection had been dessicated for 13 days,
and #o on until the last injection consisted of almost fresh material,
This method was submitted to various modifications as described by
Lepine and Cruveilhier (79), and Hagan and Bruner (53). In spite of
this, Habel (80) still could write in 1957: "The currently used rablies
vaccine has always been & crude biological producte 7This vaccine
consists of a heavy suspension of rabies-infected rabbit brain in which
the virus has beenr inactivated by various chemical or phyeical agents®,

During or shortly after vaccination, some patients have
developed neuro-paralytic symptioms, Hemlinger (81) mentioned the
cecurrence of LO cases, two of which were fatal, among 107,712 vaccinated
people, He incriminated both the toxin contained in the vaccine and the
idiosynarasy of the people being immunized, The same author (82) also
descrihed the various clinical manifestations of these accidents which

may appear as an acute ascending myelitis or lLandry's type, & sub-acute
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dorso-lumbar myelitis, attenuated myelites, characterized by paresis
of the inferior exiremities as well az transient urine retention, or
nevretic affections of the facial musculature, %hereas approximately
30 per cent mortality occurs in the first form and five per cent in
the second, the two others are followed by complete recoveries, Stuart
and Krikorian (83) state that the incidence of these accidents has
heaen very low over the years, In studying the histopatholosy of a
number of cases, they observed lesions similar to those seen in
post-vaccinal encephalomyelitis., They also found that the caunse of
paralytic accidents lies in the protective inoculations themselves,
presumably in some constituent of normal nerve substance maveidably
introduced during the process of immmunization.  Similar accidents can be
produced experimeritally by repeated injections of nerve subsiance,
normal or rabid, homologous or héterologoﬁs. Olitsky and 7al (84) found
that proteolipides A and B of Foleh and Lees are capable of bringing
about in mice an acute disseminated encephalomyelitis indistingulshable
from the affection induced by the injection vf whole brain tissue.
These two substances contain practically all of the encephalitogenie
agent present in brain material, According to Folech and Lees (85),
these proteolipides would be components of myelin, since they sre
absent Lrom unmyelinized brain,

In addition, cases of so-called “rage de laboratoire" have
been found L0 be associated with anti-rables vaccination in various
Europesn countries, Lebanon and Brazil, fhemlinger (82, 86) states -
that such fatalities are caussed by the fixed virus in defective vaceines

rather than by the street virus excreted in the saliva of the biting
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animals. Approximately 163 cases in toto have been .report.ad in the
literature, and il would appear that the use of a vaccine prepared
according to the Hogyes~Philipps dilution procedure has been ineriminated
in many'.instances. The disgnosis of the condition is usually based
on the identification of the fixed virus through inoculation of rabbits
and histopathological study of the central nervous system of these
experimental animals, However, an accurate diagnosis mighi be impossihle
since toe condition can take the form of a “neuro-infection mortelle
suto-sterilisable", as indicated by Levaditi et al (87), and Kemlinger
and Bailly (88).

Attempis 10 eliminate severe neuroclogical reactions to rables
vaccine have stimulated research with two types of vaccine produced from

avian embryos. Hoprowsiki et ai (89, 90) have developed a vaccine by

adapting the Flury sirain of rabies virus' 1o fertile hens' eggs,

Fox et al (91) reported the possibility of immunizing humans with a live
attenuated rabies virus vaceine, Huegsegger et al (92) presented data
indicating that not only deoes such & vaccine produce a good antibody
titer but it slso eliminates systemic reactions and causes only a few
local reactions. HKomarov and Hormstein (93) reported good results
following the immmization of animals with the Kelev strain of rabies
virus adapted to the developing chick embryo. Furthermore, Powell and
Culbertson (94, 95) who'succeeded in cultivating fixed rabies virus in
enbryonated duck eggs found such a source to be adequate for the
production of potent antirabies vaccine, KacFarlane and Culbertson (96)

showed duck embryo suspsnsims and vaccines to be almost devoid of the
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encephalomyelitis producing factor when tested with Freund's -

adjuvant in guinea-pigs. In view of the antigenic similarity of

duck and chicken egp albumin demonstrated by Wetter et al (97),

the ad.'ac;nition of Hatner and Untracht (98) that persons sensitive

to chicken egg albumin should not receive duck embryo vaccine

must not be overlooked, Whereas Schnurrenberger ot al (99) estimated
chick and duck-embryo vaccines to be of comparsble value for the
immunigation of man, Greenberg and Childress (100) found the duck-
embryo vaccine to be definitely superior when used in a comparative
study with brain tissue rabies vaccine (Semple vaccine).

Habel (10l) reports that many scientists attempted with
inconsistent resulis to develop sercprophylaxis in animals following
the first report on ihe preparation of immune rabies serus by Babes
and Lepp in 1889, The same author also mentions that more recently
Froca, Babes and Jonesco demonstrated some protection to be afforded
by topical or subcutaneous serotherapy in experimental rabbitas and
guinea~-pigs. These workers also used seroprophylaxis alone or in
combination with vaccination in man and found it beneficial, The
possibility that seroprophylaxis might be useful in the prevention
of rabies in man aroused great interest in the light of the findings
of Baltazard and Ghodssi (102) that Iranian people severely bitten by
rabid wolves developed rabies at the same high rate (4O per cent)
whether given a full course of potent vaccine or no treatment. In 1954,
Saltagard and Banmanyar (103) had an opportunity to study the value’

of serotherapy in persons severely axposed to rabies infection,
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Their results were sufficiently encouraging to promp£ the World
Liealth Organization Committee (104) to recommend the routine use

of a single dose of antiserum of equine origin followed by a full
course of vaccine for all severe exposures, Vhen [easible, the
infiltration of wounded tissues with hyperimmune antirabies serunm

is also recormended.  Kecently, Soloviev and Kobrinski (105) have
found that the loecal applicetion of antirabies gamma-globulin in

the dried form on experimental animals is more effective and less
harnful than parenteral serotherapy. DBurns et al (106) report that
cortisone and corticotropin have been widely and successfully used in
controlling neuroparalytic and anaphylactoid reactions imduced by the
vaccine containing rabbit brain tissue. However, they point out that
cortisone is contraindicated, as it appears to prevent tne production
of active immunity to the virus- as well, Antihistanine drugs have
been recommended for the treatment of the so-called "serum sickness” which

often follows the use of esuine hyperimmune antirabies serum {107).

VETLRINAY SIG-I“ IFICAICE

Rabies is not of major sconomic importance in large domestic
animals as is the case with brucellosis, vesicular diseases, hog-choleri
and other dreaded diseases of livestock. Animals other than domestic
and wild carnivores do not usually transmit the disesse to ane aﬁother
(50), This may be explained by their relative lack of ability,
opportunity, or tendency to bite when rabid, However, individual -
flocks and herds may suffer significent losses in areas where the
reservoir of infection resides in the wildlife population. During the

last 10 years, for example, 7,31l fatalities have been reported among
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farm animals in the United-States (29), and 2,909 in Canada (108).
An epidemic of the disease, vehiculated by vampire bats, killed 20

per cent of livestock in Trinidad, in 1925 (25).

Although rabies may affect all warm-blooded animals, especially
mammals, it ie usually more common in wild and domestic carnivores than
in other animals, Hecent studies have demonstrated relatively marked
differences in the susceptibility of various wild species., Sikes (66,
109) used g strain of street rabies virus isolated from the salivary
glands of a fox to infect by the intramuscular route foxes, striped
skunks, racoons and opossums., The fox wag found to be the most
suseeptible animal, the opossum the wost resistant., Less than 10 mouse
1bgg were required to kill 50 per cent of the former, whereas the
latter resisted 30,000 mouse LDsO. The striped skunks were riext most
susceptible, followed closely by the racoons, A&pproximately 500 mouse
LDSO were required to kill 50 per cent of the skunks, and 1,000 for
the racoonse

Among domestic animals, cattle are observed to be one of the
most susceptible spscies (27). These are guite curious about strange
animals and investigate by smelling, If the strange animal happens
to be a rabid earnivore, bites aon the mugzle, face or legs are- the
usual consequence (110)., During the last 10 years, 92 per cent of the
fatalities reported among farm animels in the United States, and

78 per cent of %those reported in Canmda, occurred in the bovine specles,




-=7-

Thiery (111) demonstrated that the.susccptibility of animals
to rablies is inversely proportional to the content of their serum in
non-specific gamma-globulins, The fact that the amount of these
globulir;s_ increases with the aging of animuls accounts for the relative
resistance of the old ones to rabies. The folliculin hormone was also
found by this worker to enhance susceptibility to rabies in females,
in contrast to progesierons,

femlinger and Bailly (55) state that although most species of
birds can be experimentally infected with rabies, the results are
quite inconsistent, The natural occurrence of the diseasé in these
animals is however exceptional and of no significant importance,
According to the sams authors (112), cold-blooded animals such as turiles,

snakes and frogs are refratory to the diseass. -
SYMPTOMLESS CARRIBRS OF HABIES

In 1936, Torres and Gueiros Lima, gquoted by Williams (25),

reported that the vampire bat, especially Desmodus rotondus, naturaliy
infected with rabies, might resist the infection and become a cax.'rier.

In this state it coculd tranemit the virus to livestock or other

vampires for a period of up to 106 days. In the same year, Pawan (113)
coniirmed the above findings and showed that rabies in the experiwenially
infected vanpire may manifest ii{sell in ome or another of the fol.iowing
forms: a) [urious rabies followsd by paralysis and death; b) paralytic
rabies followed by death; ¢) furious rabies followed by recovery; d) abrurt
death without evidence of illness; e) subclinical or latent inf'ection

without apparent departure from normal,
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It is now generally reeognized that nonsanguivorcus bats
are susceptible Lo rabies and that some may harbour the virus as
symptomless carriers, since their saliva has been found to be
infectious (114), In fact, fatal cases of rabies in animals and
man have been found to result from bites of such animals (27, 71,
114). Sulkin (115) presented evidence to indicate that the brown
adipose tissue of ihe bat, sometimes referred to as the “hibernating
gland”, provides a “reservoiring mechanism® for storage of rables
virus during prolonged periode of latency.

it has been shown by Broz and Phan-Trinh (116), Andral and
Serie (117), and Yurkovsky (118) that dogs may, in certain instances,
be apparently healthy carriers of rabies wvirus, In such cases they
may contaminate other animals or persons and consilitute especinlly
dangerous vectors because they are not suépected of exgreting the
virus in their saliva,

Kantorovich (119) claimed that he succeeded in isolating many
strains of rables virus from the brains of "healthy" polar foxes killed
without any signs of disease; He concluded that it is possivle to
assune preservation of madness virus in polar foxes carriers ursier
conditions of mild or asymptomatic infection,

Hemlinger (120) attempted to isolate the rabies virus from ths
brain of 13 rats captured in ?;ngar sewers, He succeeded in thfee
instances and was inclined to believe that these animals could be
earriers as are bats from Trinidad, It has been shown by Svet-

Holdavskaya (121) that in rats inoculated with sireet rauies virus,
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either subcutaneously or by different undanaged mmcoﬁs epithelial
routes, the virus may penetrate into the salivary glands, the animle

remaining without clinical signs of rables for long perieds of time,
LABOGATORY HeTHoDS FOL THE S3TUDY OF <ARIES

Before the asdvent q: the various laboratory technigues now
available for the study of rabies, the diagnosis of the disease in
animals and humans was based on the followlng criteria: bitesc by
suspect or rabid animsls, clinical symptoms exhibited by ai "fected
individuals and certain macroscopic autopsy {indings such as the
presence of inflammtion or foreisn bodies in otherwise empily gstomachs
of dogs. Lyperemia of the braln and meninges was also considered
significant (50, 122, _23). These empirical met ods resulted in many
false diagnoses because other agimal or puman diseasea’of the

central nervous system were mistaken for rabies (45)0

Experimental Inoculation

is early as 1879, Galtier (124) reported that the rabbit . should
be used to demonstrate the virus in the saliva and obther fluids from
suspected snimzls, From his experience, rabbits showed a constant
susceptibility and an average incubation period of 18 days wnich was
shorter than in any other species of animals, Pasteur et al (40, 41)
also made an extensive Qse of rabbits ae experimental animals, According
to Yebster and Dawson (10), rabbits and minea-pigs had been the
experimental animals wost comsonly used for the isolation of the rabies
virus until they discovered that Swiss white mice were even more -

suscentible, In these animals the incubatdon period was found to ve
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as short as seven days, and a constant Negrigenesis in the brain
followed intra-eranial inoculation of street rables virus. “he white
mouse is at present the experimental aniumsl of choice, as recommended

by the World Health Qrganization (125)e

Histopatholory

Aceording to Van Gehuchten and Nelis (123), the first publications
on the histopathology of the central nervous system of animals and
persons having died of rabies began to appear around 1875, and
described deganerative and proliferative inflémnatory lesions, Until
then, hyperemia of the brain and meninzes had been the only abnormality
observed., These authors also mentioned that Benedikt and Kolesnikoff
had come 1o the conclusion that rables is an acute and diffuse
encephalomyelitis, Distension of blood vessels, extravasation of
ervthroeytes and invasion of perineuronsl and perivascular spaces by
round cells are guite pronounced in the rhombencephalon, The other
portions of the brain and the spinal cord are less severely affected,
In 1292, Babes (122) described encephalitic foci now known as "Babes

nodules” or "rabic tubercles®, These consisted of areas of gliosis

and neuronovhagia localized in any part of the brain parenchyma, but — -

particularly in the neighbourhood of the central nuclei and in the
subcortical regicns. This author algso referred to the presence of
perivascular sleeves, f.a. round cell capillary cuffing, which become
more marked the longer the disease persistse ie finally described a
meningitis, sometimes intense, which predominates at the base of o
and along the principal septa, and a myelitis affecting the anterior

horns of the spinal cord,

|
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After studying hundreds of cranial, spinal and sympathetlc
ganglia, Van Gehuchten and HNelis (123) reported as a constant finding
the complete disappearance of many ganglionic cells following the
proliferation of their endothelial capsule. The severity of thege
jesions was found to vary according to the species of animsl involved,
the stage of the clinicel course of the disease and the ganglia studied,
The ganglion nodosum of the vagus nerve was found to be the most
susceptible to the action of the rabies virus. According to these
workers, other histopathologists who previously had studied various
ganglia had found similer lesions, but they felt that these ehanges
were not directly connected with rables, For example, spinal ganglia
had been examined by Kolesnikoff and Golgl, the Gasserian ganglion by
Nepveu, and sympathetic ganglia by Kolesnikeff. bater it was
established that the lesions oceurring in the brain, spinal cord and
nervous ganglia as a result of rables infection constitute only a
presumptive indication of the disease without being pathognomonie, since
‘other viral infections of the central nervous system and even old age
m#y produce essentially similar changes (27, 39, 56, 126}, As pointed
out by Raymond (54), Frothingham (127), Herzop (128), and lapi et al
(129), the histolopical examination of the nodosum and Gasserian
génglia may be of value when animals are killed in the early stages of
the disease, and when traumatic destruction or putrefactive chanées

of the brain substance make an examination for Herri bodies unsatisfactory

or impossibles
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Although non-guppurative encephalitia and Noéri bodies are
usually found in the brain tissue of rabid humans and animals, atypical
casas have bhsen reported which were characterized by the absence of one
or even ﬁoth types of lesionse ODoiron and Camain (130) did not succeed
{inding either legri bodies or non-suppurative encephalitic lesions in
the brain of an African child who had died of rabies. Tuncman and
aksel (131) Tound Negri bodies only in the brain of a 25 year-old
rabid man. Ninomyia (132) and Thiery (133) observed similar findings in
the brain tissue of rabid animals. A few years ago, we iocund Negri bodies
but no encephalitic lesions in the brain of a two-year-old rabid heifers
{n the other hand, we found non-suppurative emcephalitis but no Ferri
bodies in the bLrain of a rabid horse,

is rabies deveisps following bites by rabid animals only when
virus is excreted in their saliva, various workers have studied the
histopatholozy of the salivary glands of rabid animals, iinomiya (132)
mentioned that Urth, Gruber and Aschoff considered the histological
changes in the salivary glands of rabid dogs as alterative-degenerative’,
For these scientists, the stromal cellular response was secondar& to
the destruction of the glandular epithelium, Ninmomiya (132), however,
attributed both types of chanpges to the action of the virus, in
addition %o toe mandibular salivary glarmds, this worker also studied
the parotid in which he -found atrophy only. It would appear that the
above described lesions, just as those of the central nervous sys i,
constitute no more than a presumptive indication of rables.

In 1903, Hepri (5) reported the finding of specific intrac,;rboplasmic

sorpuscles in the central nervous aystem of rabid animals and NUZENGe
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More precisely, he found these lesions in the pyramidal cells of the

~fiippocampl and cerebral cortex, and in the Purkinje cells of the —

cerebellgm{ According to this worker, identieal lesions could not
be seen in the brains of animals and men, either healthy or that had 7
died of a disease other than rables, HNegri described these corpusclas
as round or oval intracytoplasmic structures of approximately 4 to
25 mu. in diameter, which stained deep red wifh ¥ann's technigue and
diaplayed'ihdividual or multiple small chromatin dots % Innenkorpers"
in their matrix. Negri's finding has been confirmed by many other
acientists (44), and the inclusion bodies which now bear his name have been
naed tne world over in the diagnosis of rablies (126).

fiegri and his disciples believed that the intracyloplasmic
sneluxion bodies seen in ravies represented one siage in the develo
of a Protozoan parasite "UCluges Lyssae", wnereas other scientists favoured
the opinion that rabies was caused by an ultramicroscopic organisa (B4) e
Subsequent studies of the inclusions found in rabies or in other virsl
diseases indicate that, while they may contain infective units of the
vifus, trey are composed largely of a matrix derived from the cytoplasm
of derenerating cells, The absence of thymonueleic acid from the MHepri.
vody, as shown by the Fuelgen stain, conforms with the characteristics
of other inclusion bodies due to viral infections (13).

Negri-Luzziani, ‘quoted by 3ergent (134), mentions legri's
siatement that the distribution of Negri bodies in the central nervous
srstem of rabid animals or persons is the same, but differs according

to the clinical form of the disease, In furious rabies these inelusions
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are particularly numerons in the pyramidal cells of ﬁippocampi and
cerebral cortex, and in the Purkinje cells of ihe cerebellum. In
paralytic or dumb rabies they are more numarous in the spinal cord
. and spingl gangliae

Negri, cuoted by Negri-Luzziani (6), demonstrated the presence
of liegri bodies in the Gasserian ganglia of experizentally inlsctled
raboits. legri-Lugziani, quoted by Sergent (1J4), encountered similar
lesions in the Gasserian and plexiform ganglia of a rabid boy. urst
and Pawan (135) discovered ¥egri bodies in the Gasserian ganglia of
experizental monkeys, UGoodpasture (136) claims Lo have found iegri
bodies invariably in the Gasserian ganglis of experimental rabbits.
Lapi et al (125), however, did not cbserve the inclusions invariably

udying the CGasserian ganglis of 95 dogs affected “w‘j.th elinical

Poor (137) did not succeed finding Wegri bodies in either the
parotid or sub-maxillary glands of rabid dogs, guinea-pigs or rabhits
infected with sireet of fixed rables virus. Stefanescu (138) clains
to bave found segri bodies in the glandular cells of the parotid?f
a dog suffering from furious rabies. Hanouelian (139), on the other
nand, states that begri bodies can be seen only in the c¢ytorlasm of
the nervous ceils of tie ganglia present in the interstitial tLissue
of tihe parotid and sub-maxillary glands of rabid dogse

Attempts to demonsirate the possible occurrence of Kegri
Lodies in non nervous tissues were underiaken by lLevaditi and
Schoen (140)« Habbits snd Swiss white mice were inoculated with
stroet rabies virus in various organs of ectodermic, mesodermic and

entodermic oririn but the epithelium of the corne: proved to be the
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only tissue in which Negri bodies could subsequently be‘fo‘ e A
similar experizent rﬁpeated with cats, dogs, guinea~pigs and monkeys
failed to reveal the presence of Negri bodies even in the epitnelium
of the cornea.

Although MNegri bodies have been recognized as the pathognomenic
lesion of the streei ravies virus infection (5), these inclusions
cannot be found imvariably. as mentloned earlier, approximately 5 to
15 per cent of rabid enimals do not develop s Negrigenesis (6, 7, 8, Gle &
Volpine, guoted by Sergemt (14l), stated that Negri bodies are to be
found in the hippocempi of ravid dogs a day or two before the appearance
of symptoms. However, he claimed thai tney are smaller, less deeply
stained and less numerous than when the symptoms have developed,
iegri-Luzziani {6}, on the other hand, was unabie to {ind RNemri odies
in the brain tissue of rabid anixamls before ihe eppearance of symptomse
ieach (7) claimed that Hegri bodies are more difficult to demonstrate
in brain material of ravid animals taat had been vaccinated against
rabies, paralytic rabies being tue usual form of the disease in such
animals. Similar findings have been observed at our laborastory in
experimental cattile, Gerlach and Schweinberg, lubinski and Prausnitz,
quoted by Hagan and Evans (126), also found Negri bodies much less
frequéntly in rabid bumans which have been imnunized than in those
who have not received such'a treatment,

Bongiovanni, quoted by Salimbeni (142), stated that Kepri was
the first worker to have noticed the absence of Hegri bodles in the

brain tissue of rabbits infected with fixed rabiss virus and obtained
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the same results himself on repeating Negri's experiment. HNevertheless,
after modifying Mann's staining method, Hanouelian (143) was able to
demonsirate a few mmall Negri bodies in the brain tissue of rabbits
infected with fixed rabies virus. Negri-Luzziani (6) observed that
Hepri bodies are small, scarce and therefors more difficult o find
in animals dyins of fixed rabies virus infection. Micolau and
Kopciowska (14L) also demonstrated a few small Hegri bodies in Ammon's
norne and cerebral cortex of rabbits infected with fixed rabies virus
when using the staining method of Glemsa., However, they claimed that
Lerri bodies occur constantly in the optic basal nucleus of such animls,
iccording to Lepine and Sautter (145), Negri bodies are always smaller,
less numerous and devoid of internal structure in anirusls infected with
fixed rables virus. These inclusions cun be demonsirated wiih greater
facility when using Lepine's stain {1ié). Horeover these authore otserved
oxyphilic nuclear inclusions in pyknotic neurones, which consisted of
round or oval corpuscles of irrerular size seen in an scidophilic mass
representing the remaing of the nucleus. They were hyperchromatic and
mainl? basophilic, although some were strongly acidophilic. Intra-
evtoplasuic sranular formations were also found irresularly by these
workers in fixed rabies virus infection,

Other types of inclusion bodies are sometimes seen in the brain
Lissue of rabies suspected animals. DBecause of certsin similarities,
shess inclusions may be mistaken for Hegri bodies. As sarly as 1507,
Lontz, auoted by ¥arie (147), reported the presence of such inclusions
in the hiprocampi of dogs affected with distemper, a finding confirmed

oy Hepri-Luzziani (6) a Tew ysars later. According to Pierkel (27),

SRS
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the acidophilic inclusion bodies of canine distemper or of Rubarth's
disease are occasionally encountered in the brains of dogs, foxes,

skunks and other wild carnivores. Schipper et al (143) on examination

of Seller's stained brain smears prepared from cattle affected with
mucosal dissase observed inclusion bodies similar to Wegrl bordies,
These workers recalled the fact that similar inclusions had been
deseribed by Stenius in bovine malignant catarrhal fever,

Inclusions resembling Hegri bodies have also been reported as
oceurring in the brain tissue of normal animals., In'19504, Hegri-
Luzziani (6) described for the first time the presence of such
inclusions in the nervous cells of normal cats., In a later paper (6),
she mentioned that her finding had been confirmed by Jastirembsky,

In 1933, Nicolau et al (149) reported the presence of cyioplaswmic

inclusions eivilar to Negri bodies in the brain tissue of normal wild
and Swiss mice,

As stated by Tierkel (27), these non-specific inclusions all
have the same staining characteristics with Seller's stain and cannot
be'differantiated from one another, However, they can be differentiaied
from Nezri bodies by using the following criteria: Hepri bodies have a
very definite internal strueture, characterized by basophilic inner
granﬁles, and a heterogeneovs or mottled matrix; they are not
refractile and have a definite purplish tinge. The non-specific
ineluveions lack an internal structure and have a homopenous
or smooth matrix; they are highly refractile and somewhat wore

acidorhilizs givinre s ninker apnearance. Purthermore, Nicolau (150) arreed
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with Lents that distemper inelusions can cecur in the cytoplasm as well as
“ t

in the nueleus of both neurones and glial cells,
Serologg

complement-fixation test

According to Ando et gl (151), the first attempts to use the
complement-fixation teat as a rapid method for the diagnosis of rabies
were carried out in 1907 by Heller and Tomarkin, and by Friedberger.
Unfortunately, the results proved to be non-specifice, Similar non- .
specific findings were obtained by Hedrigailoff and Sawtschenko in ﬁ'f 
1910, Kraus and Takaki, and Kraus and Michalks in 1926, Harie and
Urbain in 1929, and Kondo and Obana in 1930, Schultz, Bullock and‘
Brewer (152) alsc demonstrated that an antiserum showing complement~
fixation with the virus of rabies was just as likely to react with
the virus of vaccinia and with normal brain as well. Havens and
Hayfield (153), on the other hand, found that the seruam of rabies-immune
guinea-pigs possesses speeific complement-fixing antibodies, but
that the rabbit immune serum is wunsatisfactory because of its anti-
complementary properties. Casals and Palacios (154) also obtained a
spacific complement-fixation test and clalmed that complement-fixing
antibodies were present im high titre in the sera of dogs, guinea-pigs,
mice and rabbits immunized with rabies virus. Ando et al (151, 155)
developed a new complement-fixation test for the diagnosis of rables
in suspect animale, using an antigen derived [rom deep frozen brain . -

tissue of rabid dogs. & 40 per cent emulsion was prepared in saline at
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pH 742y by grinding with sand or in a “aring blendor. 'The emulsion
was held at 40°C, for one hour, centrifuged at 10,000 r.p.m, for

15 minutes, and the supernstant fluld used as antigen, Saldvary

gland antigen was prepared in the same way except that a 33 per cent
suspension was prepared for the blendor by cutting the gland into
pieces of avout 1 mine> and adding twice the amount of saline, The
inhibitory action of muein had to be neutralized before the test could
be performed. The antigens were tested against the sera of guinsa-pigs
irmmunized with either fixed or street rabies viruses. Only guinea-pige
free from antibodies to Japanese B encephalitis were used fér this
purpose. The complement~fixation method smployed two full uni£s of
complement, On the basia of their results these authors clalmed that
their method wae of greatsr value than elther the histolopical sxaminalicn
of brain tissue for the detection. of Kepri bodies or the mouse inoculation
test followed by the scrum-virus neutralization test, because a final
diagnosis could be reached within-five hours. In addition, the test
could be carried out successfully on putrid material which was
unsuitable for the detection of Negri bodies or the mouse inceulation ™
+est, It also detected the presence of extremely small amounts of
antigenic substance in specimens whieh did not always contain an
amount of aetive virus sufficient to infect mice, Approximately 200
dogs were examined by this method as well as by the usual nitological
techniques and the mouse inoculation test. In no case was a positive
virus isolation associated with a negative complement-fixation test, -

Indeed, in three instances in which the virus isolatlon was negative,
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the complement~fixation test was weakly positive, ﬁepbux and Msrveille
(156) carried out the complement-fixation test as described by Ando
et al (151, 155), except that they used rabbit instead of guinea-pig
hyperimmune serum. They obiained less a satisfactory resuit: as
compared with the histolog rical techniques and the mouse inoculation
test, the cosplement-fixation method showed only 66 per cent accuracys
Furthermore, putrid brains exhibited jincreased anti-complementary
activity rather than higher antigenic titre. bethna and Soman (157)
carried out the ccmplement-flxation test on 101 brains and 49 salivary
glands, following the methoda of preparlnr the antigenic susuension and
guinea-pin antiserum recomsended by Ando et al (151, 155). In order to
verify ihe titre of the immﬁnu serum, & positive sheep bfain antigen
(fixed rabiss virus) was always put up with each routine test. The
following controls were also included in the main test: antigen control,
positive and negative serum contiois, complémentlcontrbls for two,

one and # unit, and the sheep éell suspension control. These workers
were of the opinion that the complément-fixétiontest has a definite
place in the rapid diagnosis of rabies in animals, especially in ﬁhe
Nepri-negative ones, because the results of the complement-fixation

test can be obtained within 24 hours. ilowever, two brains and five
salivary zlands found to be positive by the mouss inoculation test were
missed by the complement~iixation test in this study. Therefore they
concluded that, when Hegri bodies cannol be demonstrated on prellminary
examination, the last word can only be obtained by the mouse inoculation

teste A8 to the specificity of the test, it is noteworthy that noi a




o
4

-33,]_-

single case of non-gpecific positive reaction was observed throughout

their work.

Plate gel dlffuslon precipltin test

Following uudin-OuchterlonV's ﬂethod as modifled by Hansi,
the- plate gel dlffunion precithin ueﬁt was applled by ?1Llemot and
Provost (158) to the study of 64 rabies susﬂect vrains., Of thess,
24, dog braine and one hursan brain were found positive by the agar
nrecipltatlon teat as well as by the claqsxoal tests. mwo lines of
precipitation were obtained by the agar precipitation tes ity indlcating

he presence ef two soluble antigens which had formed complexes with

precipitating anuibodies. ”hese two lines of precipitatlon were assumed
to be specific for tne virus of rabies as they never anueared when rabies
anti-serum wys added to the virus of canine dzetemper. Sera of donkeys,
immnnized with formollzed auspensiona of infected rabblt brain tisaue
(fixed virus), were used as tne source of rabies anti-serum. Precipitating
antibodies were found to be particularly abundant in the sera of these
hypgrimmunized donkeys.

Polson and Wessels (159) demonstrated in infected suckiing mouse
brains the presence of é.solﬁble rabies antigen haviné a molecular
size of 12 mu, This fraction is obviously distinet from the vzral antiyren
which has a molecular size of 125-150mu. Xipps et al (160) who conpared
the action of phenol and haat on the soluble antigen of rabies, concluded
that it is comnosea elther of two distinet facturs or of two functionel
groups on a same substance. tased on this finding, ¥illemot and Provosi

(181) aésumed that the two lines of precipitatién might correspond to the
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two distinet soluble antigenic fractions and polinted oﬁt that a
different molecular arrangesent of thess two fractions could account

for their respective physico-chemical propesrties. The plate gel
diffuaion’precipitin teat was also used by Villemot and Frovost (162}

as a rapid diagnostic method, Specific results were obtained in a
group of 33 cases of coniirmed rabies, as compared with only 30 positive
nistological findings. lhere was no precipitation in 59 non rabid brains,
slthough non specific inclusions were found in some of thnem when they
were examined histologically. %rypsinization of the rabid brains
helped to improve the results of the test. This wmethod was found te
be very useful in the case of dogs killed al the first appearance of
aymptome and could be performed in 24 hours. Ln addition the authors
were of the opinion that this test might facilitate more extensive
studies of sylvatdc rables. kesults sinilar to those just described

were obtained by Ver et al (163} who applied the test to the study of

fixed rabies virus in the brain tissue of experimental guinea-pirs,
mice, rabbits and sheep. The plate gel diffuslon precipitin tesi

was also carried out by Grasset and Atanasiu (164) with three atrains

of fixed rabies virus culiured on mouse neoplastic ependymal cells,

fwo iines of precipitation were observed and, in mosi cases, the

method proved to be sensitive with material of relatively low infectious

titre. The precipitin reaction was always associated with the presence

_of intracytoplasmic oxyphilic inclusion bodies in the tiesue culturese

According to these workers, the technique offers the possibility of .

being used as an identification metrod of rabies virus.
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Paper electrophoresis

Chaband et al (165) noticed that paper electrophoresis revealed

a marked ;ncrease in the alpha, globulins of the sera of rabid cattle,
cats, dogs, donkeys and horses as compared with the sera from normal
animals of the=e species, In dogs especially, the electrophorstic test
never failed to show this incresse in alphap globulins in cases where -
rabies was subseguently confirmed by animal inoculation, Thase workers
concluded that electrophoresis might be of value for the early diagnosis
of rabies in living animals, In Lthiopia, electrophoresis, histology

and inoculaticn of experimental animals were used by Andral and Serie (117)
as routine methods for the diagnosis of 423 cases of suspected canine
rebies., In 316 cases the results of these three methods were found to be
in agreement. U the remaining 107 cases, 105 mave a positive
electrophoretic result although rables could not be confirmed by the

other methods, On the other hanﬂ,'two dogs with a negative electropnoresis
were found to be rabid by the other two methods. In an attempt io
elucidate these discrepancies, the authors found that alimentary
deficiencies, hepato-renal affections, myocardial infarction strees and
especially ecanine nervous affections such as diatempér and Aujeszky's
disease can also increase thé alphay globulin content of the animals'

sera. ‘hey concluded that in Ethiopia approximately 35 pér cent of
apparently healthy dogs eéxhibit a marked elevation in serum alphap
globulins, A few of t ese animals presented atypical forms of rabies

or were carriers and excretors of the rabies virus, Xorour and

Bahmanyar (166), us‘ng paper electrophoresis, described a method whereby

the sntirabies fraction in immunized animals' sera may de ascertained
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and the precise dilutions of such sera for Litration in mice by the
serum-virus neutralization test determined, These workers demonsirated
that during the hyperimmunization of mules a fraction, normally absent
or present in very small amounts in the serum of these animals, is
markedly increased, This fraction migrating electrophoretically
between the main beta and gamma-globulin regions and known as fractidlon T
or beta, globulin, increased during immunization until it represented
17 to 25 per cent of the serum proteins in the hyperimmunized muley
Concurrently a marked decrease of albuamin was noted as well as a slow
and very slight decline in the gamma-globulin fractlon. Further
investigation showed a constant relationship to exist between the

increase in betaj globulin and the increase in rabies antibodiese

Serum virus neutrilization test

As mentioned by Schultz ég_ég {152), it was reported by Babes
as early as 1891 that the serum of an ani&al irgmunized against rables
possesses thé property of inactivating the virus:"in vitro', Similar
cheervations were subsegvently published by Kraus, Keller and Clairmont,
farie, ﬁemlinéer, Schnurer, Hemple, Poor and Friédman, Sehult, sullock
and Zrewer, and others, In the above authors' experimenis, animals
of various specles remained healthy following injections of a virus-
antiserun miziure, wiereas the controls died of rabies following
injections of virus aloné. In 1905, darie (167) confirmed the finding
of Kravs and Maresch that no rabicidal antibodies could be demonstirated

in the sera of chickens and pireons after intensive immunization.
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Paradoxically, the rabies virus was sometimes found to be neutralized
by the serum of normzl chickens and pireons, It was also noted by
Stoel (168) that the addition of normal chicken serwn to a tissue
culture medium interfered with the "in vitro® multiplication of rabies
virus,

In 1954, Koprowsiki and Johnson (125) described the following
standard method of ecarrying out the serum-virus neutralization test.
Healthy 3wiss white mice of 21 to 35 days of age, weiching approximately
3 to 12 rrams, are inoculated by the intra-cranial route. A 20 per cent
suspension of the second or third laboratory passage of the rabies
virus in mouse brain constitutes the infective inoculum. The ecurce
of antibodies conslsis of guine&»pig rabieg-~-immne serum know to possess
specilic neutralizing capacitye. A constant amount {0.2 mis) of rabies-
immune serum i® tested against similar amouﬁts of serial tenfold
dilutions up to 1077 of the suspacted virus., The experimental mice are
kept under observation for 21 days, and the LDSO dose, the amowit of
inoculum which kills 50 per cent of the mice, calculated from the
results by the statisiical method of Reed and Muench (169). 1f 100
LDSO or more of virus sre neutralized by the serum, the identity of
the virus is established. Vhen the titre of the virus is already
xnown, t e test may be modified by the use of a constant dose of virus
representing approximately 100 ID5n per mouse dese when mized with an
equal amount of serum, This method is likewise useful in detemining

relative titres or potencies of serum Samples,

" ST
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Fluorescent antibody technicue

In 1958, Goldwasser and Xissling (170) reported that the
fluorescent antibody technique could be utilized to stain sireet and
fixed rabies viral antigens in the brain tissue of experimentally
infected mice. khen they also exsmined positive salivary glands from
cettle, dops, foxes, skunks ard one wildcat by this method, their
results proved to be encouraging. %These authors hoped accordingly
that the technique might prove useful for the identification of ruibies
antigen in brain and salivary gland tissues of animals in which kegri
bodies could not be demonstrated. They found that at least sowme of the
small acidophilic inclusion bodies seen in the brain tissue of animals
infected with streei rables virus, which cannot ordinarily be considered
as zpceific bocause of thelr similarityr to idnelusion bodies found in
other diseases, were of rzbies virus origin., it the same time it
becarme obvious that this new more rapid meihod could have a definite
advantage over the mouse inoculation test, Gombining the speed of
histological technicgues and the accuracy of expsrimental inoculation,
the flueorescent antibody technicue snhowed promise of belng of sreat
help in deciding early whether or not exposed reople should undertake
a prophylactic treatment,

Coldwasser et al (171) conducted a fleld study in which 157
specimens were submitied to the following tests: a) examination of
brain impression smears for the detection of Negri bodies; b) mouse
inoculation with brain suspension; ¢) mouse inoculation with salivary:
gland suspension, and d; fluorescent antibody staining of salivary pland

impression smears. Fifty-five specimens were found positive by the
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incculation of mice with salivary gland suspension, bui only 48 by

the fluorescent antibody staining of salivary gland lmpression smearse
Two of the latter specimens, alsc positive by the mouse inoculation test,
came rrom‘animals in which legri bodies were not found, whereas
Coldwasser and Kissling (170) had investiigated the indirect, compleaenti
and direect imounofluorescent staining methods, Goldwasser et al (171
utilized a modifiecation of the direct staining metkhod of Coons and
Kaplan (172) exclusively,

Hequeen et al (173), using the method of Goldwasser et al (171),
found the results of the fluorescent antloody technique tec be in couplete
agreement wit: those of the mouse inoculation tesi on a total of 825
fresh or frozen brains from rables suspect énimalS. However, only
og,2 per cent of ine specimens included in the study showed Negri bodies,
In addition these workers found that fragrents of brain tissue presérved
in glycerol were not satisfactory for examinstion by the iluorescent
antibody technique. Although in this siudy the fluorescent antiﬁody
technique had appeared 1o be more sensitive than the microscopic
examination of Sellers! stained impression smears, the authors
nevertheless concluded that additional studies were needed before any
firm conclusions could be drawn. Several methods of diagnosis were
compared by Carski et al (174) during a study on the pathogenesis of
rables in experimentally infected cuptive foxes and skunks. The most
sensitive tests were: a) [luorescent antibody examinatlion of brain
smears by the method of Goldwasser et al {171), and B) mouse inoculatiicn
with brain suspensions, Doth tests were equally sensilive but neilrer was

complotely reliable since each Lest provided one nositive diagnosis that
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was wmis=ed by the other. In studies of salivary pland specimens, both
moune inoculation and Fluorescent antibody methods displayed a lower
derree uf sensitivity, since several specimens were dlagnosed as
positive in only one of the tests. From their results, the authors
concluded that the mouse inoculation test could no longer be considered
as the most sensitive of the rables diagnosis tests. Furthermore, they
thousht it would be unwise to dismiss as false-positive any posiitlve
regults obtained by the fluorescent antibody technigue whieh did not

agree with thoee of the mouse inoculalion test,

Propagation in Tissue Culturs
The Tirst attémpts to propagate ﬁhe virus of rabies in tissue
culiure undertaken by Hoguchi and other workers were not successiul
(175)e In 153, however, Kanazawa (175), using rabbit eéﬁryo brain
and Tyrode's solution without se;um, suécaeded in cultivating "in vitro®

the Mukucka sirain of fixed virus. 7The virus »as gubsenquently proparated
1 W] & o

b7 various workers in culbures of mouse or rat embryo brain, brain

tissue of mice up ﬁo 14 days of age, chick embrye brain or whole chick
emuryo to which serum or serum ulirafilirate had been added (176) .

Jonkey serum was used most often [or thls purpore. Althoush Veerara havan
(177) claimed to nhave obtained multiplication of rabiés virus in s
cell-free medius containins enly srowth facitors, Kirk et al (173),
fellowing the same procsdure closely, were unzble to repeat hié TesuiLs e
In 1953, tne first successful attempts to propagate the virus of ravies

in non~nervous tissue culiure were revorted by ﬁissling {179), wno

succesded in propasating serially in hamster kidney tiassue culltures

R
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atrainse of both fixed and sireet raubies viruses. HNo ;ytopathogenic
changes were evident in these cullures, Kissling's findingss were
conf{irmed vy Xaplan et a2l (130) who used the CVE 2l strain of fixed
virus an& also demonstrated that oultured rabies virns ean be
stained by means of the fluorescent antibody technlaue, Growing and
staining of this particular strain by the fluorescent antibody
technique were also possible in itissue culture of a continuous
diploid cell line derived from normal huwran foetal lung, Fenje
{131, 182) reproduced Kissling's findings, using the SAD strain
of fixed virus, amd also altempted to develop a vaccine devoid of
nerve lissue, Although the initial results proved encouraging, it
was deemed necessary to undertake furiher work before the value of
such a vaccine could be assesssd, particularly with raspest to ths
sieasuremant of the immune response in experimental animals, Further-
wore, the prssence in the vaceine of horse serum, an essentisl part
of the ecuiture medium, would still represent a damger for injection
into man because his natural sensitivity to horse protein is not
UNCORON ¢

vhen Hossi, yuoted by Dunscombe (183), attempted the
vropagalion of sireet, {ixed and Flury LiP 38 and 42 viruses in
hamster and rabbit kidney cell cultures, he found that none of
btnese viruses grew in rabbit kidney cell cultures whersas in
namster kidney cell cultures Flury LEP 38 and 42 grew better
than lixed virus, 5o cylopathogenic change was observed, except

for a slight pigmentation in the namster kidney cells, Un the
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basis of his results, Zossi also considered the possiﬁility of
producing a vaccine free of the allergic factors present in the
actual rabies vaccines. The Pasteur's strain of [ixed rabies

virus was grown on hamster cell kidney culiure by Martos and Atenas iu
{(124). from the seventh day, the infected cells contained acld-
ophilic intracytoplasmic inclusion bodies surrounded by a light nalo.
‘e presence of inclusion bodies, the virulence of the culture and

the disappearance of both of these afier the administration of

specific immune serum suggested that these inclusions were specific =

for the rables virus,

Attemots to propagate rabies virus in neoplastlec cells were
first reported by Stoel (163) in 1330, He .obtained negative results
with Hous Sarcoma and murine cancer cells adien noreal chicken serum
was added to the culture medium,. Atanssiu and lepine (185) however
succeeded in growing rabies street virus on mice ependymoma cells
in tissue culture. ~The virus induced the formation of oxyphilic
inclusion bodies resembling Negri bodies, From the Tifth passage
and in the course of 15 transfers, the culture fluid induced a
cellular degeneration which could be prevented by a specific immuns
serum, JSrom this experiment, the authors concludsd that it would
be possible to carry out the titration of antirabic gera on tissue
ecultures and that such a-technigue would present many advaniages

over the standard mouse serum~virus neuiralization test.
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Propagation in fmbrronzied Ezzse

In 1938, Klirler and HBernkopr (186) reported that the virus
of rabiss could multiply following inoculation on the allantols of
developinz chick embryos., althoush the allantois was not infeected
with regularity, the virus consistently found its way into the brain
of the embryo, The development of the embrys wag apparently not
affected by the presence of the virus and was observed to proceed
in the sams manner as in the*uﬂinfgcted controls, %These authors
(187) also found that after 47 passages on the allantols of the
developing chick embryo, rabies fixed virus showed no enhanced
virulence for thse echick embryo, aS'indicated‘by the complets
developzent of the embryo, the relatively low virus titre in the
embryo brain and the seanty patheloglecel changss inm the brain,
fhe virulence cof the chick e¢zbryo pasesage virus for mice and
guinea-piys reusined unchanged, while tnat for rabbits appesred
re‘uced considerably, The specific aﬁtigenic caaracter of the
chick embrve virus likewise reasined unchanred,

Nawson (133) found the intra-cranial passage of rables
viprus in the chick embryo Lo ve associated with a profound alteration
of the pathogenicity of this vifus for the rabbit and the ouse., Tais
alieration was of such nasnitude that it was possible to produce
8 self-lirited and non fatal disease in rabbits by intra-¢ranial
injection, and in mice by sub-cutaneous or intra-musculsr injection
of embryo-passage virus, iurthermore, tests showed conclusively
tnat recovery “rom the mild diseagse was followed by ithe development

of a solid imunity to intra-=cranial inoculstlon of rabbii fired




virus and mousc¢ passage virus, Koprowskd and Cox (i&s) inoculnted
the Flury strain of rabies virus in the yolk-sac of seven-day-old
chick embryos, By means of intra-cranial injections into mice,
the virus was recovered from the chick embryo blood secured from
the third to the Tifteenth post-inoculation day. sAccording to the
authors, these experiments would indicate a connleiely different
machanisn of dissemination of the virus in ewbryonated eggs as
compared with mammals in which the virus is rarely ypresent in the
blood, Various strains of rabbit Tixed rabies wvirus were also
successfully cultivated in seven-day-old embryonated duck egns by
fowell and Culbertson (94). BEngs were infected intra-amniotically
and the growihs were harvested after 14 days. Apart from the
smbryvo itself, a degree of infestivity could alsc be detected in
the extra-embryonic fluids, After three passages, these sirains
seemed to have lost some of their virulence for mice. Vvhen used
as a vaccine, this material protected mice against 7,700 LDEG’ as

deterzined by the mouse potency teste

Among the varlous laborstory methods available for the study
of rabies, ‘he two most commonly ﬁsed in diagnostic laboratories zre
53111 tne direct microscopic examination of impression smears from
hippocamzpal tissue for the detection of Negrl bodies and the
expetimental inoeulation of laboratory animals for the detectlon

of wirueg in Fe;ri-nezative brains. OSwiss white mice have proved
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to be the mosi: satisfactory experimental animals for fabies virus
isolation (10, 190). Unfortunately, as mentioned earlier, the first
pethod is not 100 per cenit efficient (é,?, 129, 133j and the second
is Loc time-cpnsuming to be used as a basis for decision regarding
vaceination of contauinated individuals (L?O).

nNecently, the flucrescent antibody technicue was prasented
as a rabies diagnostic mesthod which offered the possibility of
combining the speed of histological technicues with the aceurney
of the mouse incculation test (170). Without givipg official
recognition to ihis new method, the Lopert Commitiee on habies
of the World Health Orzanization has encouraged rables diagnosiic

laboratories to develop proficiency in carrying out ihe test, and

0y
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to make comparativs studiss with other conventional diagznost.

aethods {(107).
HATESIALS AND METHUDS

Strain of Street fables Virus

Source

Uwain naterial from a field case of hovine rabies was used
86 @ BOLrce of virus for our experimental studies. & 10 per cent
emulsion was prevared by triturating 0.5 gm. of brain tissue in a

]

sterile mortar with 4.5 mle of sterile physiclogical saline solution.
intibiotice were incorporated in the proportions of 1,000 I.U. of
peniciilin G sodium and 2,0 mg. of streptonyein par mle of emulsion,

4 healthy calf, approximately three months of are, was inoculibed
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with 1.0 ml, of suspspsion into the lefl and rivht, masseter muscles.
The incubation period lasted for ithree weeks and desth followed a
three-day‘clinical course of Turious rabies, e brain of the
animal as remsved from the cranial eavily, and the mippocampi
dissected out, Ificroscopic examination of imsression smoars From
nipoocarmal tissue, stained with William's medifieation of Van
Cieson's stain (191), revealed the presence of numerous liepri
vodies, Forty prams of brain tlssue, including pleces of the
cerebral hemispheres, hippocampl, medulla oblongata and cerebellum,
were mixed with 40 nl. of normal rabbit serum, previously
inactivated for 30 ainutes at 56°C, and 120 ml, of sterile buffared
saline solution (pH 7.1 phosphate buffer). tne ehilled mixture

was nosogenized in a Virtis homogenizer, and dispensed in ampoules
in 2.0 mle anmounis, The ampoules were sealed with a portable

gas torch, labelled and guick frozen in a mixture of absclule

ethanol and carbonic ice before ceing stored at -700C,

Bix]

fitratlon of infectivity

To sllow for stabilization of (he virus conceantration, the
ampoules were siored for three weeks before titraillon of infectivity
for Swiss white mice approxdmaiely four weeks of age. irom the
contenits of onc ampoule, serial tenfold dilutions up Lo 10-7 vere
prepared with sierile physiological saline solution. intikiotics

were incorporated in such propertions ihal each i. of the various
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dilutions contained 1,000 I.Us of penicillin G sodium snd 2,0 mge
of streptomycin, One group of 10 nice each was inoculated intra-~
cranially with each dilution, each animel being given 0.03 mle

The mice.ware kept under observation for a period of 30 days. 1The
brains of those that succumbed to the challenge were studied for
the presence of Hegri bodises through the microscopic examination
of william's-stained impression smears frou both hippocampie
Survivors were destroyed at the end of the 30-day observation
period bui not examined for the presence of YNegri bodiess Ihe

50 per cent end point, calculated by ihe mathod of Heed énd Hbunch

(159}, was found to be 10-349,

Inoculation of Experimental Animals
Swiss white mice of both sexes and of approkimately four
weeks of apge were obtained frém the Aniﬁal Diéeases Research
Institute‘bfeeding colony. &ll animals were examined and determined
to be in appafent good health before being accepted for experimental
purposes, They were dietributed in groups of five, housed in

properly labelled rlass jars and fed pelletied food and Lap walers

tra=cranial route
¥ice were anaesthetized with ethsr and inoculaied by the
intra-cranial route with 0.03 ml. of the 10~1 dilution of this
stock strain of street rauvles virus. The 10-1 dilution was chosen
because it had become obvious, while carrying out the titration,
that the undiluted oripinal 20 per cent suspension of rabid brain

tissue was too concentrzted to be satisfactory for intra-cranial
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snooulation of laboratory animals of such a small size. Antibiotics

were added in the proportion of 1,000 l.Us of penicillin G sodium and

2.0 mg. of streptomycin per ml. The various groups of experimental
animals were housed and fed ag described earlier, - Chloroformn -
euthanasia was performed on individual groups at daily intervals

until mice finally died as a result cf the infectione

tra-mugcular route
The procedures folléwed in this part of the experimentation
were similar to the ones just described, except‘that micé were
inoculated into the left cervical mnsculature with 0405 ml. amount

of the 10'1 dilution of the stock strain of street rabies viruse

Colliection and Preservation of Tiosues
The methods followed were essentially similar, irrespective
of the routes of experimental inoculation. The collection of saliva
preceded the euthanasia of exporimentsl mice, whereas salivary glands
and brain'were dissected immediately after euthanasia or as soon as
possible after death, The excess of salivary xland and brain tissue
which was not needed for experimental stiudies was subsequentily

stored at =20°C for possible further reference.

Saliva

Salivation was induced by the sub=-cutaneous injection 6f
0425 mle Of an aqueous pilocarpine solution containing 2.0 mg. of
pilocarpine hydrochloride per ml, Approximately 10 minutes after .

the injection; sterile swabs were introduced in the mouth of




experimental animals. The amount of ealiva harvestéd was
approximately 0.25 ml. Later, the amount of pilocarpine injecied
was increased to 0.5 ml. This induced salivation within a few
minutes and the amount of saliva harvested was sensibly incressed,
Hiowever, individual reactions to pilocarpine were observed among

the experimental mice; some did not salivate as much as the others,

irrespective of the amount of pilocarpine injected. After collection,

each swab was placed into a properly labelled sterile mortar

containing 4.0 wl. of sterile physiological saline solution, 4,000 L.U,

of penicillin G sodium and 8.0 mge. of streptomycin. The mixture
was allowed to stand at room temperaturs for 30 minutes before

being tested for infectivity.

Salivary glands
Both sub-maxillary salivary glands of each experimental
mouse were aseptically dissected and placed in a properly labelled

small plastic Petri dishe

Brain

The brain of each experimental mouse, ineluding the cerebral
hemispheres, midirain, cerebellum and medulla oblongata, was
aseptically removed from the cranial cavity and nlaced in &

properly labelled small plastic Petri dishe

eyt 0 B v v




Microscopic E

Impression smears were prepared from freshly collected
tisgues, partially air-dried, fixed with absolute ethanol, stained
with ia‘il];iam's stain and examined for the presence of Nepri bodies.
An ordinary binocular microscope and 1,000 diameters magnification

was used,

Salivary glands

One small plece of tissue from each sub~mazillary salivary
sland was dissected, placed on biotting paper and minced with a
scalpel. Impression smears were made on two Irosted-end micro-
slides, one ba'in,gr, id.entili'ied as left salivafy gland and the other as

rignt salivaf:r glande

faeh hippocampus was dissected out and cut into three
transversal segments which were placed side by gide on a piece

of blotting paper. Impression smears of the left and right

hippocampl were made on two frosted-end micro-slides.

Immedistely after being collected, samples of saliva and
tisgues were tested for infectiviiy by the intra-cranial injection
of mice. The inoculated animsls were housed and fed as described
earlier, and kept under ocbservation for a period of 30 days.
Stained impression smears of both hippocampl from raice that died

during the observation period were examined microscopically for

s e ek e e
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the presence of Hegri bodies. At the end of the 30-day observation

pericd, all survivors were destroved without being evamined for

the presence of lepri bodies,.

' Zaliva
fach sample of saliva wes injected into a group of five

{

i

i

! wice, esach mouse veing given C.03 ml. by the intra-cranial roule.
i

H
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Zalivary clands

Approximately 0.05 gm. of tissue from each sub-maxillary
salivary gland were triturated with sterile alundum in a properly
labellied sterile mortar. 7o this were added 1.C ml. of sterile
physiological saline solution, 1,000 I.U. of penicillin ¢ sodium
and 2,0 mre of streptomycin. The suspension was allowed to stand
at room temmerature for 30 minutes and 0;03 nl, anounts wers

e et v e e e e

injected intracranially into a group of five micé.

Zrain _

Approximately 0.1 sm., of tissue from the cerebellum and
medulla ablongata were triturated in a properly labelled sterile
zortar. To this were added 1.0 ml, of sterile physiological saline
spolution, 1,000 iI,U. of penicillin G sodium and 2.0 mg. of
streptomyein. The suspension was allowed to stand at room texperature

for 30 minutes and then injected into a group of five miece, each

; mouse being given 0.03 ml. by the inira-cranial rouie,
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Hieroscopic sxamination of iissues by Fluorescent Antibody ifechnicue

The fluoresceni antibody techaicue can be considered as a
nev way of detecting aniigen-antibody reactioms. Aocording to
tirds m@thod, smears or sections of tissues containing antigen arse
stained with speeific antibodies previously tagged with fluorescent
material. Wwhen viewed with an appropriate microscopic equipment,
the areas where the antigen-antibody reaction took place appear
a8 small fluorescent s?ots, In addition to ihe direct antigen-
antibody reaction, the method includes aﬁ inhibition tesi as &
proef of specifielty, This inhibition procedure is
bvased on the immunological phenomenon of blocking subsequenﬁ

spegific antigen=-antibedy reactiuns by first exposing the antigen

is claimed Lhat, in certain circumstances, the method is more
rapid and as reliable as other conventional procedures.

although direct, indirect and complement fluorescent
antibedy staining methods have>been used to detect rabies virus
antigen in infected tissues, our experizental investigations have
been limited io the direct staining meihod of Coons and Kaplan

{172), as medified by Coldwssser et al (171).

Preparation and fixaiion of tissues

Impression sméars of salivary gland and brain tissues
were prepared at the szme time and from the sume pieces of tissue
as those intended flor microscopic examination by the standard

irpression smear techniyue, Two impression smears vere made ITom
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each salivary gland and two from each hippocampus. ‘These

impression smears were air-dried for 30 minutes and then fixed

by a four-hour imuersion of the slides into Coplin jars eontaining
acetone held at =-20°C, After fixation, the slides were removed from
the acetone, thoroughly dried at -20°C and stored at the same

temperature until they were stained,

Source and concentration of globulins
The source of anvlbod* for the preparation of conjugales

was a comnercial therapeutic anti-rabies serum of equine origin
(Lederle)s The method used for the concentration and conjuration
of the immune slobulins wss similar to that of Coons and Xaplan
(172} The ﬁlobuliﬁs were precipitated from 20 ml. of serum at 200
by mixing with an equal volume of salurated ammonium‘suiféte. After
tanding for 18 hours at 200, %he mixture was centfifuged at 20C
and the supernatant discarded, The centrifugate was redissolved

irn distilled water io the original serum volume and reprecipitaied
with ammonium sulfate twice more, I1istilled water was added to

the final cenirifugate to make a pasle wnich was dialysed at 49C
for four days using many changes of phyeiological saline until the
dialysate contajned no sulfate, when tested by the barium-chleride
test (152). The ourxfled globulin concentrate was bottled in .
serew-cap bottles, in 5.0 nl, amounts, and stored at ~20°C nntxl

further nrocessed,
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Conjugation of glebmlins
The protein content of the varicus globulin preparations was

determined by a micro-Kjeldahl method (193). Dilutions of the
globulins were made in saline so that each ml, contained 25 mg, of
protein, A solution containing 10 ml. of physiological saline,
3,0 ml. of carbonate-bicarbonate buffer (0,54, pH 9.0) and 2,0 ml,
of acetone for each 10 ml. of globulin solution to be used, was
cooled to erystal formation in a dry ice aleonol bath, while
agitating, 10 ml. of the diluted giobulin solution (L0 mbe = 25 mga
of protein) and 1.5 ml. solution of fluerescein-isothiocyanate in
acetone (0.05 mg. of dye per 1.0 mg, of protein) were added to the
cool mixture, The solution was shaken overnight at 4%C. The
conjupated mnterial was dialyzed against phosphate buffered saline
(0.01¥, pH 7.2) for at least four days, until the dialysate showed
no fluorescence, when viewed in the raye of a mercury lamp, IL

was then filtered through a pre-filter and a 0.45 micron millipore
filter and stored in 2,0 ml, amounts at -20°C,

Adsorption of conjugates

All eonjugates were adsorbed once with mouse liver powder
and again with mouse brain powder to reduce nen-specific staining
(194). Chloroform euynunasia was performed on healthy Swiss white
uice obtained from thé animal Diseases fesearch Institute Qréeding
colony, and liver as well as braln tissue aseptically collected,
To 50 gm. of liver tissue were added 50 ml. of starile physioloéiéal
saline solution, The mixture was homogeniied in a Virtis homogeniaer

with short repeated activations of the propeller in order to avoid
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heating. 7To the homogenate were added four volume;-of acetone,
while stirring. After allowing the mixture to settle, the
supernatant was discarded. The tissue was paciked and washed by
centrifugation with several changes of sterile physiological
saline solution until the supernatant was free of hemoglobin, The
washed ti@sue was suspended in an equivalent volums of sterile
phyeiological saline solution and four voiumes of acetone added,
with stirring., The suspension was allowed o setile for a few
minutes, the supernatant discarded and four volunes of acetone
added, The tiesue was collected on a Buchner funnel usiﬁg
ordinary filter paper, washed with acetone and allowed bto dry on
the funnel. The powder obtained was finally dried overnight at
3700 and stored in small screw-cap bobtles at 49C, The procedures
followed in preparing the mouse brain powder were essentially the
BamSe e

As needed, aliquots of éonjugate were adsorbed with mouse
tissue powders, in éﬁe proportion of 100 mg. liver powder per mle

of eonjugate. The powder was molstened with sterile physiological
saline soluticn and the required amount of conjugate added,

while stirring. After standing for approximately one hour at

room temperature, with occasiomal stirring, the supermatant was
narvested following centrifugation in the cold (4°C) at 18,000 f.p.m.
in an angle centrifuge. The adsorption was repested in a similar
manner with mouse brain powder, and tae final product stored at . -

«200C 4in small rubber-stoppered vials, until used for staininge
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Mouse brain suspencions for inhititlon control of conjucztes
Susmensions were prepared with normal mouee brairs (=8)
and with brains of experimentally infected mice (RMB), ALl
arimals were obtained from the Animel Diseases iegearch Institute
breediny colony. A strain of sireet rabies virus was used to infect
mice intended for the production of the infected mouse brain tiseue.
The methods followed in collecting both rormal and infected brains
were similar to those used for the collection of tissues intended
for the preparation of mouse tissue powder, One part by weight
of mouse Lrain tissue was homogenized, in a ¥irtis homogenizer,
in four volumes of 10 per cent egg yolk from six to seven-
day-old embryonzted eggs in 0.05M sodiam buffered distilled water
(pH 7.6=7.8). The puspensions were centrifugsd al approvimstely
1,000 r.p.me for 10 minutes and the supérnates dravn off and
stored at -200C in properly labelled rubber-stoppered vialse
se difficulties were experienced in cbtaining satisfactory
inhibition on control impression smears, a titration of the infected
mouse brain suspension being used was carried ocut in Swiss white ndce,
Since this titration revealed the 50 per cent vnd point Lo be as
low as 10-1e3, we were prompted to obtain a more virulent atraln
of rabies virus fro=m the Comminicable Disease Center of Atlanta,
Jeorria. The (VS-56 strain of fixed rabies virus supplied to us
a7 a 20 per cent suspension, was found to have & 50 per cent end
voint of 10~9+5, This material was used from then on io prepare -
tha infected mouse brain suspensions for inhibition purposes in the

staining procedures,
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Staining and exawination of impression smears
Siides were ren.ved from the freezer and allowed to &tand

at room temperature until the condensed molsture was eompletely
evapofateda he two separate impression smears which had been
made on sach slide were ringed with a Blaisdell China-iarker red
pencil to prevent =mixing of the conjugate. One part of conjugate,
prepared as described atove, was diluted in four ecual parte of
normal mouse brain suspension and incubated for 30 minutes at L°c,
with occasional mixing. 4n aliguot of the same conjugate was
sinilarly processed with infected mouse brain suspensioﬁ. ime
of the two impression smears on each slide was layered with he
conjugate diiuted 1:5 in pormal housc Brain suspension, the other
;ith the conjugabe diluted L:5 in infected mouse brain suspension,
Impression smears similarly prepared with known rabid brain tissue
were also stained to serve as controle for the unknowns of tae
erxporimental investigation.‘ Tne slides were then incubated in a
moist chamber for 30 minutes at 37°C, After drsining off the
excess stain, tae slides wers washed for L0 minutes in phasphaie-
bulfered saline (pH 7.5), then for the same interval in distilled
water to rempve excess taggzed antibedy. After drying at room
temperature, the slides were mounted with 90 per cent glycerol-
saline snd covarsd with 22x50 mm. micro cover glasses, All the
examinations were carried out within a few hours of staining,

The microscope used was the Zeiss large fluorescence wuodel

fitted with a dark-field condenser and a pressure mercury vapour
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lamp (OSRAM, HBO200). An excitation in the range of 5,000?. -

3,0002 was obiained with the PG 12 filter in the lamp holder,

Examination was carried at 320 diameters magnification, using

alterngbively the following barrier-filter combinations in the
tube-head of the microscope: 0G4 and GGL, BG 23 and GG4, or

GGl alone,

Commerclial reagents

In the courss of our experirental studies, a comuercial
flucrescein-labelled anti-rabies globulin became avallable frem
the Haltimore Biological Laboratory. f%he product c¢ould be .
obtained in rubber-stoppered vials containing 5.0 ml. amounte of
concentrated dessicated fluorescein-labelled anti-rabies globulin,
already adsorbed with mouse brain and liver tissue powders and
ready to be diluted with distilled water and used for staining.
After successful staihing trials of known rabid and non-rabid .
brain tissue with the 1:25 dilution of the product, it was
dgcidod to raefer to this commercial anti-rabies conjugate for

economic and time~saving reasona,

Field Specimens

4s a supplement to our experimental studies on mice,
brain material from a wide variety of domestic and wild animais
submiited to this laboratory for rabies diagnosis wus also
exanined by the three methods just described, The purpose of this
comparative investigation was to obtain information on the
posgibility of replacing the time-~consuming mouee inoculation test

by tne fluorescerit antibody techniiue for Lhe examination of
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field specimens implicated with humen exposure, bul found nsgative

when exaained by the standard impression smear technigue.
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Infestion by the Intrg-Grapial ioute

Brain
e resulis of examinations of brains from mice inoculated

by the intra-cranial route are shown in Table I. I cen be seen
thal leeri bodlies were found in the hipnoeaipi ol oﬁly‘35 or 53.3
ver cent of the 50 experimental anivals, on microscOpic erxamination
by the siandard inmression smear teshnique, Positive resulis were
firsi obtained on tue {ifth pesi-incculation day, when Hegprigencsis
vas derorstrated in the hipvocanpl of one experimental animale on
the sixth sosteinosulation day, four of the five experimental
anicals disclosed Nesrigenesis, rrom the seventh to the twelfth

4 last posi-inoculation dny, Negri bodies were found in the
h;ppocampal tissue of every experimental animale {linical
symrtoms of ravies were not observed in any of lhe exverizental

animals, however, until Lhe tenth post=irooulation day. By that

a s

iime, one of the five mice in this -roup wthivited nosterior

paralysis, whereas ihie other lour appeared thdn with a roush coals

rabies infection was confirmed in 43 or 701 per cent of the
experisenial animale Ly ezamiraticn for evidence of inTagtlvity for
inreover, evidence of injectlon was obiained eariier by

inds method than by lercscopic exasminatien of “llliaw's siained
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impression smears, B2y the fourth and fif'th post~inocﬁlation days
respectively, four of the five animals examined were found to
harbour Qetectable amounts of rabies virus in the brain iissue.
From the sixth to the twelfth and lact post-inoculation day,
rabies virus could be demonstrated in the brain tissue of every
experimental animal,

The greatest number of positive findings were obtained
throuyh the use of ihe micrbscopic examination by fluorescent
antihody technicque. The presence o> rabies viral antigen was
demongirated in 52 or 86,6 per cent of the experimental animalse
4s early as the second post-inoculation day, antirenic rables virus
material was shown in the brain tissue of evarﬁ experimental animal.
Of the five animals sacrificed on the ihird posti-inoculalion duy,
however, only two appeared:positive-by"the'flnorescent antibody
tecnnique, Irom the fourth to the twelfih and last post-inoculation
day, rabies viral antigen was detected in %he brain tissue of
every experimental animale In summary, rabies viral antizen was '
denonsirated by the fluorescent antibody technique in the brain
+issue of all animals shown to be infected Ly the other two

methods, Furthermore, it was shown in 17 Nepri-negative brains,

P
-

G of wnich also failed Lo yield rabies virus by the wouse

infectivity test.




TABLE 1

RESULTE OF EXAMINATIONS OF BRAINS FROM MICH
INCCULATED BY Tilk INTRA-ChaIAL RCUTE

Animal Days after inoculstion
number L 2 3 L 5 6 1 3 9 10 1 12

Hicroscopic examination by standard impreasion smear tecinicque

l - - - - - - -+ + L3 +* +» +
2 - - - - - + + + + + % +
3 - - - - - + + + + + + %
4 - - - - - 4 * + + + + +
5 - - - - + + + + + .4' + +

Examination for evidence of ihfectivity for mice

1l - - - + + + + + + + + -
2 - - - + - + + + + + + +
3 - - - - + + + + + + + +
A - - - + + + + + * + + +
5 - - - + + + + * + + + +

Microscopic examination by fluorescent antibody technique

1 - + + + + + + + + * 3 +
2 - + + + + + + + + + * +
3 - + - + + % + + * + + %
I - + - * 4 + * + + + + %
5 - * - + - 4 + + + + + *

- = Negative
+ = Pogitive
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Salivary glands

is indicated in Table 11, evidence of rabies infection was
seldom established in salivary zland tissue of experimental animals,
Hegri boﬁies were not found in any of the glands following microscopic
exgmination by standard impression smear lechnique. Only three, Lhai
is 5.0 per cent of the experizental animals proved to be excreting
detectable amcuﬁts of fabies virus in salivary clands followlng
examination for infectivity for mice. Invariably, negntive results
were 2lso obtained following microscopic examinaiion of salivary

gland tissue by fluorescent antibedy technigue,

Saliva

Examination for evidence of infectivity for mice was the
only method investipated in this case, as ghown in Table Iil.
Since saliva could not be collected from morivund and dead
experizental animals on the llih and 12th post-inoculaiion days,
only 50 sammles were tested, Of these, one, that is 2,0 per cent,
croved to contain detectable amounts of rabies virus, It is note-
worthy ih- i this was also the only instance in which both saliva
and salivary glands of an experimental animal were found to contain

dotectable anounts of rablies virus,
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CRESULTS GF EasBINaTIONS OF SALIVALT GLANDS Fa0H

RICH INUCULATED BY THE InThaelasblii, aoliTh

t

on
m—

4nimal
nugber 1 2

—
———

Days after

inocula

tion

L 5 6

)

7

3

9 10

il 12

N

-~ W

k%3

(2

i8]

-~
Cu

ii

ticroseoplc exauination by standard impression s

- - - - - -
™ - - - - -
- L] - - - -
- - - - - -
L g - - - - -

- -
- -
e -
- -
- -

Lxamination for evidence of infectivity for nice

- - - -~ -~ -
- - - - - -
- - - - - -
- - - - - -
- - - - - -

- - - - - -
e - - - - -
- - - - - -
- - - - © -
- .- - - o= -

-

- -
L 4 -
- L4
- -
- .-

- - ~
- - -
- - -
- - -
- - -

zear technique

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

technicue

- -
S -
- -
- o
- "
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infection by the Intra-tuscular ioute

Brain

Table IV shows that infection developed more slowly in
animals inoculaied by this roule; 100 per cent mortaliily was not
obtainred until the 25th poste-inoculation day. Ey contrast, all
of the intracranially injected mice had died by the 12th posi-
inoculation day. Not only the late appearance bul the marked
irrepularity of positive findings are also guite obviouse As
noted for tne intra-cranial route of infection, the mlcroscople
sxamination by standard impressicn smear technique appesred to be
the least senaitive of the three xet-ods of detecting evidence of
rabies infection, In fact only 19 or 15.2 per cent of the 125
experimental animals developed a Negrigenesis, Negative‘findings
were obiL:ined in the course of the first nine post-inoculation days
as well as on the 12th, 16ih and 20th ﬁost—inoculation days. ¢hen
legrizenesis could ve confirmed, it was limited to one or iwo
animals of individual experimental groups. Negri bodies were found
in the hippocampal Lissue of only one experimental animal on the
10th, 15th, 17th, 18th, 2lst, 22nd and 23rd posti-inoculation days.
n the other nand, two experimental xnimals disclosed Negrigenesis
on the llth, 13th, lé;th, 19th, 2i4th and 25th post-inoculation dayse

fRables infecticﬁ was confirmed by examination for evidénce
of infectivity for mice in 33 or 26,i per cent of the experinen
animals., 7This represents a lower rate cof infection than the one

obtained by the intra=-cranial route where it reached 70.l per cent,
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TaBLE 1V

FRULTS 0 WLAR{NATIONS OF W

(el o (il

InCCUATED BY THE THTHARUBCULAT BOUTE

Animal
nunber

.

Days _aiter

gy

oculation

i .2 3

4 2 6

9 10 1l

12

& W ] -

\n

jav

3=

7

|

L‘s

wr

Mjerosconic
Fxamination
“leoroscooic

-

oxarination by stapdard Lmeressicn emear technlgue

for avidsnse of
- - -
- - -
- - -
- - -
- - -

- - -
~ - -
- - -
- - -
- - -

- + +
- - +
- - -
- - -
- - -
ity for mice
- + +
- - +
- 3+ LS
- - +
- <+ -

- + -
- - ‘P
- + +
- - +
- + -

{continued)




S ———

a -
faladaails LY o=

CESULTS UF nXadliaTIOVo OF BLALNG FLd 2ICL

INOCULATED BY THE INTRA-MUSCULAR RCUTE (eontinued)

e s S,

Aniwal

number 13 1, 15 16

i7 18

m.at.er_imnnl&inn

20 21 22 23 24 25

Miecroscopic examination by standard impression smear technijue

1 * + -
2 - -+
3 - + -
I + - -
5 - - -

Examination [or

1 + + .
2 - - %
3 - + -
4 N - =
5 - + -

¥ieroscopic examination by fluoresceni antibouy technigue

1 + + -
2 - - -
3 - - -
L + - -
5 - - -

- - +
- - -
- - -
- * -
- - -

evidence of

- - +
- - -
- - -
- + -
- - -

- - &
- - +
+ - -
+ + -
- - -

+ - + - - - -
+ - - » + * -
- - - - - + +
- - - - - - +
- - - - - - -

infectivity for mice

+ + + + + + -
+ - + 4+ + + +
- - - - + + +
- - - - + + *

+ * * + “* + +
+ + * + + + +
+ - - - + * +
- - - - % + +
- - - - -~ - +

~ = Hegalive
+ = Positive
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Furihercore, positive findin:s were not obtained eaélier than
by mierveconic examination by standand impression smear technigue.
tvidence of rabies infection could not be detectec in Lne course
¢f the first nine post-inoculation days. Hegative resulis vwere
also obtained on the 12th and lHth post-inoculation days. Detect-
able amounts of rabies virus were uncovered in the brain tissue of
only one experimental animal on the 15th, 17th, 12th and 20th posi-
inoculation days; in thal of two experimental animals on the 13ih,
19tin, 2lst and 2204 post-inoculalion daye; in that of three
experimental animals on the 1l0th, Lhth and 25th post-inoculation
days; in that of four experimentizal animsls on the llth, 23rd
anl 24th posi~inoculation days. It is noteworthy that every one
of the 19 brains in which Negri bodies wers found following
microscopie examination by standard impreesion smear technique
alac yielded rabies virus when examined for evidence of infectivily
for wmice.

The presence of rablies viral antiren was denonntrated by
te fluorescent antibody technicue in the brain tissue of 36
or 23,4 per cent of the exnerimental animals inoculated Ly the
initra~musculay route, Such resulis, however, are suite inlerior
to ihose obitained by the intra-cranial route of infection whore
Liey reached o4,0 ver ¢enl, cvidence cof rables infecilon could not
be establisned earlier by ihis method than by microgcople

exanination by standard lmpression saesr technitue or by exaninalion
Ffor evidence of infectiviiy for mice, legative resulis were

sotained in Lhe course of the first nine vost-inoculsilion dayvs as

e

A N TR

M.
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wall as on Lae 12th and 1l5th posi-iroculation days. tables viral
antisen was demonstrated in the brain tissue of only one experizental
animai on ihe lhth and 17th posi-inoculation days respectively;

in that of two erperimental animals on the 13th, létn, 18th,

20th, 2lst and 22nd post-inoculation days; in that of three
experimental animals on the 10th, 1lth apd 19th post-inoculation
days; in that of four experizenial animals on liie 23rd and Z4th
post-inoculation days and in that of every experimentul animal

on the 25th post-incculstion day. In sumsary, rabies viral antiren
was demonstrated by the fluorescent antibody technique in 20 Hegri-
nezative brains, 7 of which also failed to yield rabies virus -
by the mouse inTectivity test, On the other hand, luorescent
rebies viral anticen could not be demonstrated in four braine

found positive by the mouse incculation test, ‘hres of these
braine had also disclosed fieprl bodies in Williams' stzined

irpression STeArs.

Salivary siands

Toble V shows that Megri bodles were not found in any of
t e salivary plands following microscopic examination by stamdard
jmpression smear iechnique. four, ihat is 342 por cent of 124
experiaental animuls croved to be excretln; detectable anounts
of ratdles virus in qaliw#ry sland Lissue, as shown by the exnm;
ination for evidence of infeetivity for mice. These resulis
are in close agreement wilh Liie ones cohlained by the intra-crapmial

rouse of infestion in which 5,0 per cent of the salivary slamds
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TABLE ¥V

HWESULTS OF EXahINATICRS ofF Salliaid GLALDS Fhlii
MICE INOCULATED BY THE INThA-HUSCULAL ROUIE

animal

nutber

Days after inoculation

s

2

3

4

2

6

7

8

9

10 11

12

) v W

(W T - S VS B v

woos W e

Yierosconic exanination by standard

-

-

Examination for evidsnce of

Microscopice examination

-

-

inpression smear

techniue

infectivity for mice
- - + - -
- - - + -
by fluorescent antibody techni
- -~ +* - e
- - - + -
(eontinued)

Sne
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. TABLE Vo KESULTS UF ERAZINATIONS OF babiVasy LAl Qawi
H .. o . s e S ] X 1 XU CERA IR & TS X J . & 9%
: MICE LIGCULATED BY THD INTRR-#USOULAL WUTE (continued)

fnimal Davs after inoculstion
4 aumber 13 14 15 16 17 12 19 20

{t

2223 2L 25

-

Mieroscopic examiration by standard impressiorn smear technisue

I e e e . = e 2 e - - - W -
3 e e e e e e e e e e = =
3 e e e e e e e e e e -
1 L e e e e e e e e e e e e -
5 e e e = = = = e = e = e -

Examination {or evidence of infectivity for mice

[

- e e e e e = e 4 = = W -
2 - - - - - - - -~ - - - - -
2 - - - - - - - - - - - - -
[_,, + - - - - - - - - - - - -
S - - - - v - - - - - - - -

*icroscople exanination by fluorescent sntibody techrique

1 .- e e e e e e =% e = E3 o
2 - - - - - - - - - - = o= -
3 - - - - - - - - - . = - -
h * - - - - - - - - - - - -
5 - - - - - - - - - = e - -

~ = jlegatite
* = Pogitive
#3 = Not Uone due Lo cannivalisnm
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vielded rabies virus when tested for evidence of infectivity jor
mice. In contrast to what was experienced by the inira=-cranial
roate of infeet on, rabies viral antigen could be demonshruted,‘
alihowss in small amounis, in those salivery glands which were
found to excrete detsctable amounis of rabies virus by the mouse
irfectiviiy tesie &3 noted in mice infected by the intra-cranial

rouie, only one excreted virus botih in salivary sliands and sallvae

Jaliva

As shown in Table VI, examination for evidence of infectivity
for mice was the only method iuvestigéted in this case, since
saliva could not be obitained from 19 moribund or dead experimerntal
snimals in t-e course of the last six post-inoculation days as well
as from one ithat died on ithe 1l7th post-inoculuation day, only 1C5
samcles were tested, Of this nwwber, two, that is 1.9 per ceni,
oroved to contain detectable amounts of ribies virus., Sueh [indings
are in clese asreement with those oblained by the intra-cranial route
of inTection where 2,0 per ceni of the experimentsl animals were found
> exerete rabies virus in ssliva, Il night be pointed out that
virus was isclaoted from the sgaliva of a mouse, but nol from iis

salivary clands, on the 1lth post=inocculation day.
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Field tpecimeng

Domestic animals

" fhe results of examinations of field brain specimens Iroa
domestic snimals are shown in Table ¥II, A total of 73 brains
collected from gc'bovines; 15 cats, 20 dogs, & horses, 8 pigs and

4 sheep were examined by the ihree meihods used in the course of

our experimental studies on nlcee

Govines = MNegri vodies were found in the hippocampal
tissue of only two bovine braing, followinz microscopic examination
by standard impféssion smear technioue., Examination for evidence
of infeclivity f?r mice, however, resuited in the iaolatibnlaf
rabies virus not only from the v brains in which Hesri vodies
were found, but also from six others. ilabies viral antigen could
be demonztrated by the fluoreséent antibody techniaue fraa only
seven brains, since negative resulis wore obtuined from one ihat
otherwise vielded rabies virus when lnoculated into mice, i'rom
these resulits, it can be concluded thal the examination for
evidence of infectivity for mice was ihe most sensitive method
of examinration., It is also noteworthy that svery raiid vovine
died of the dumb or naralytic form of rabiese

Cats - Uf the 15 cab brains studied, ncne disclosed}
isgrirenesis vhen examined microscopically by the standard |
impression smear technl ue. lHowever, exatnination {or evidence

of infectiviiy for mice resulted in the isolation of rabies wirus
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TABLE VII

SPECTMENRS FROM DOIMESTIC ANIIALS

5SULTS OF EsARIBATIONS F FIELY DALY

i

Aninals Hethods ol examination ienarks
lapression nouse finorescent
smears inoculation staining
Bovines # 1 - - -
2 Helde - -
3 - - -
f‘; - + - :’.D .ﬁ.
5 + + + D.D .‘h.
6 - - -
? - - L
2 - - -
9 - - -
190 Helg - -
1L - - -
12 - - -
l3 - + L] D .D 'Y Ei.
l!‘_ - - -~
15 ? - -
l() - - * D .D .r]l S
17 * + ¥ Teilecte,
13 - + + Delleiia
19 - * + Delotie
20 - + + Deloile
(continued)
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PABLE VIE., =  RESULTS OF FXASINATIONS Y FIblD Bhall

APLOINTNG FROY TIMESTIC ANLHALS {eontinued;

inimals . Msthods of examination . Remarks

ispression wWouse fluorescent
SREATS inoculation. : staining

Ay
'
t
L

L - - -
)‘ - - -
é - + + Kt?-ﬁc
7 - + * ReFaite
2 - - -

2 - - -
13 2 - -

{enntinued)
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25
MIGULYS UF bRAia s IO OF FLLID BHAIN

g~

DOESTIC anlrals (eorntinned

F o

)

Animals

Methods of exgmination

Hemarks

impression mouse fluorescent
amears inoculation staining
Dogs ¥ 1 - - -

2 - + + Datalie

3 - - -

A - + - KeFaite

5 - - -

4 - - -

7 - - -

3 - - -

9 - + * Aal otie
0 - * - DOl
11 - + + PPt
12 - + + K Deite
13 - + - Detaiie
BTN ? - -

15 - + ¥ el eine
ib - * * DaDeiia
17 - + +

1 - + + Delivitg

g - + + Relalle
20 + + + lietluite

{continued)
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TABLE V1I, -  HESDLIS OF bXAMINA

NECR "‘I""'."? iy
PN AT WO Y S R A R

wBlm

TIONS UF FIELD BualN
DUISTIO Alieid {eonilivued)

Anirals | Helhods of exgmination

Remarks

inpression mouse fluorescent
SRS inoculation staining
Jdorses ¥ 1 - + + Vel ile
2 - + + .‘;- QD e 'ﬁ-.
3 - - -
L - + + Geiteita
5 - + + Delletie
6 - + + Daletee
Pigs 7 1 - - -
2 - + + Deialie
3 - L + Deldghiy
L;. - ) * ¥ D .D Qha
5 - + + Dedeite
§ + -+ + 3 [l
< 1) ol n.vp
7 - + * Uet'aiie
& - * % BeTale
vheen & 1 - + + DJBaite
2 - - -
3 - + +
) - g -
-~
ied Dumb imbles
ailled tumb lables
Uisd Ffurisus Hables
Rateite aillisd Furious nables
Naeite Lat Done due to putrelacilion
? Inconclusive resulis
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fror six of these brains, Hables viral antigen was also
demonstrated by the fluoresceni antibedy techninue from the same
brains, Yhereas the [irs? method of examination completely failed
to detect evidence of rabies infectlion in the cat brains studied,
the seccnd and third methods appeared to be soually sensitive,
In conitrast to bvovines, the rabid cats for which adesuate clinical
inTormation wag svnilable had been suffering from furious rabies.
Dogs - Following microscopic examination by standard
impression smear technique, Nepri bodies were found in the brain
tissue of dop #20 and so-~called distewper inclusions, in that of
dog #lh. It may be pointed out that the latter type of inclusions
were very difficult to distingulish from Negri bodies, as it often
occurs when distempsr suscepiible aniwals submitied Lo lhe
latioratery for rabies diasznosis.are examined by the standarxd
impressicr smear techninue, EZxamination for evidence of
infectivity for mice resulted in the isolation of rabies virus
from the orain in which Hesri bodies were found and also from lZA
additicnal ones, Un the other hand, rabies viral antigen could be
Jemonstrated by ihe fluorescent antibody technicue in only 10
of the 13 brains that yielded rubies virus by the mouse infectivity
test, 1% is noteworthy that the threa brains aissed by the
finorescent antibody technicue had not shown Neprl podies when
examined by the standard impresslion smear technicue, From the
above resulis, it is obvious that the mouse inoeulation test

nroved Lo be the sosi sensitive aethod of examinatlion. “he
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information available for 12 rabid dogs indieated thét Eeven were
suffering from duab or paralytic rabies and five from furious
rabies,

tiorges - Negri bodies were not foun:d in any of the horse
brains, followins microscopic exsmination by standard impression
smear technique, However, rabies virus was detected in five brains
uy the mouse infectivity test. Itabies viral antigen could also
e demonstrated by the fluorescent antibody technigue in the came
five brains. whereas microscopic examination by standard impression
swear technique failed to reveal the presence of Negri bodies, ihe
olher two methods of examination proved to be egually sensitive.

“nree horses were alffected with dumb or paralytic rables and two

iigs = Hegrigenesis was disclosed in only ons out of

eight piz brains when they were examined microscopically by tne
standard impression smear technique. Hevertheless, eramination for
avidence of infoctivity for mice resulied in the isolation of rabies
virus from the brain in which Negri todies were found as well as
from 8ix others. Habies viral antigen was demonstirated by the
fluyorescent antibody technique in the seven tralps that ylelded
rabise virus. Sueh results indicate that the last two melhods

were of e ugl sensitiviiy and more reliable than the microscopic'
svamination of Uilliams' stained impression smears. Four pigs had

died of dumb or paralytic rabies and three of furious rables,




-89~

Sheep = leroscoplic exmmination by standa;d Lression
znear technimue falled to reveal the presence of Nepri bodies in
auy one of the four sheep brains siudied., dowsver, examination
for evidence of infectivily {or mice resulted in the isolation
of ravies virus from two traing. These bralns also showed rablies

viral antisen when examined by tne fluorescent antibudy techinigue,

“hereas the microscopic examination hy standard impression smear
technigue failed to delect the two rabid sheep, both of the other
two methods did so. Une sheep had died of dumb rabies, vut no

clinical information was availuble for the other animal.

#ild animals

The resulis of examinations of field brain specimens from
wild animals are shown in Table VIiIl, A total of 27 brains collected
from 11 bats, 1 coyote, % foxes; 2 raccons and 5 skunks were
exanined Ly the three wethods used i the ceourse of our expsriwental
studies on mice,

Bats ~ Oniy one cut of 11 Lat brains exhibited Negri--
reresis when exanined mleroscopically by the standard impression
smear techninue. iowever, exasination Tor evidence of infeetivity
for nice resulted in Lhe isoiation of rables virus nol only {rom
the brain in which RNerri Lodies were found, but alsc from two olnsrs,.
“abies viral antizen was:demnnstrated by the fluorescent antibédy
techinigue in the ihires brains that ylelded rabies virus, These
results indicate that e lasi two methods of exaninalion were
gaually sensitive and more so than the miersscopic examination by

standard impression ssear wecnnique, Glinical information was
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AESULTS OF EXAALMATIONS OF FIELD
SPLOTMRE Fio¥ WILD ANINALS

Anizals - - Methads of examination

impression mouse
smears inoculation

fluorescent

Iemarks

stalning

dais F1 - + +
2 - - -
3 + + + e = . jtd »
I - - -
s - - o
6 - - -
7 - - -
8 - - -
9 - + .
10 - - -
11 - - -
Coyote # 1 - - -
Foxes #1 o+ + * Killed
2 + + +
3 - + + Ailled
N - + + Killed
5 - + + Killed
6 ”» - -
7 - - L]
21 - + + ¥illed
Taccoong / 1 - - -
2 - - -
Skunks [ + * + KeFalie
2 * 2 + Kool glva
3 + +* +
L - - -
5 + + + Yound Dead

Kolfede Hilled Murious ‘lablies
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available in one csse and indicated that ihe bat had been killed
when exhibiting symptons of furious rabies.

Coyote - OUmly one coyoite brain was siudied and negative
resulits were obiained by the three different methods of examinsiiom.

foxea - liegri bodies were found in two oul of eight fox
brains exanined microscopically by the standard impression smesr
technique. iHowever, the mouse infeclivily test reasited in the
isclation of rabies virus from the two Negri-sositive brains and
also from four additional ones. Hables viral aniiren was
demonstrated by the fluorescent antibody technivue in avery brain
that gielded raﬁies virus, These resulis brine out ithe hizher
sensitivity of tWehlast.twn methods as compared with the mieroscopic
exanination by standard iapression smear technique. #o infermation
was available as to whsther the“foxas founid rabid had exhibited
sympione of furious or dumb rabies.

Raceoong = Two raccoon bralns were studied by the three
different methoeds of exaxination with negaltive resulis,

| Skinkg - Out of five skunk brains studied, four showed

evidence of rubies infection repardless of the method of exarmination
employed. Therelore, skunks were the only animal species in whieh
therthree diffaerernt methods of examinalion proved to be ejually
sensitive. Two rabid skinks wers reported as having been killed wmen
showing symptoms of furious rabies; one was found dead, whereas

adesuate Information was missing Ffor the okher,
’ t]
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ice have been experimentally infected with a strain of
street rabies virus: gome by the intra-cranial route and others
by the intra-muscular route. 7The results obtained Irowm this
conparative study are listed in Tables I to ¥l and indicate heyond
doubt tnat the first route of infeclion is more sensitive than the
racond, JdIn this respect, ourAfindings closely agres with the ones
previously obtained in other experimental laboratory afidmals (57
They also sutstantiate the opinion bhal ravies virus is stricily
aeurotropic (346, 196).

From thisstudy, it is also obvious that samples of brain
lissue [rom experimental nice yielded rabies virus eariler and much
qore regulsrly than those of salivary glands or saliva, Horeover,
the presence of rabies virus uwas never confirmed in salivary slands
and/or saliva of s mouse withoul being also demonstrated in its
train. It is poteworthy % at so-called "closed rablies™ has been
found by Thiery (133) to bte of frejuent occurrence in mice infected
with streei rables virus. IU{ has not been determined, howsver,
whether the virus falls ic reach the sallivary glands or does so
and is laler destrored as a resuli of an auto-sierilization rrocess.
rurthermore, it nas already been demensirated inal in rabild anisnals
siher than aice, rablss virus is nobl always exereled in saiivary
zlands {54, 65, &6}, Uur failure to deuwonsirate deteclable anounts
of vabies virus in the saliva of ceriain mice winose salivary piands
nad siven positive resulls wien eranined by the iouse infectivity
test parallels tha findinss ouluined by sikes (46) in exnperimenially

infented Foxes and shhunkse
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Uf the three methods employed for.the examination of
tissues from experimental mice, the siandard impression smear
technique appeared to be the less sensitive., In fact, Hegri
bodies were found in only 29i2 per cent of the brains and in
none of the salivary glands, It must be born ln mind, however,
that kegri bodies must first reach 2 ceriain stage of devaelopnent
vefore they can be identified properly. itherwise they could
easily be mistaken for the so-called "mouse confusion bodies" which
are often normally present in mouse brain tissue (149). It is
true that in previous studies Hegri bodies have been found
relatively early in the brain tissue of mice experimentally
infected with street rabies virus, bul they could not be
demonstrated earlier ithan by the sixth post-incculation day
(30, 190). Our compleie failure to find Xegri bodies in
impression smears from salivary glande may be due 10 the fact
tnal these inclusions are sald to occur only in the cytoplasm
of the nervous cells of the ganglia normally present in the
interstitial tissue of salivary glands (139). JZurthermore, mouse
salivary slands are rather small and a good portion ol each had to
be used for the esamination for evidence of infectivity for nices

Youse infecilvity tests detected the presence of rabies
virus in brain and salivary gland samples in the following |
proportions: 41.5 per cent and 3.8 per cent. Inese resulis conlirm

the greater sensitivity of the mouse test in comparison wiith ihe

o ety e
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microscopic examiration by standard iupression smear techinique
where the corresvonding percentages were 29,2 and O.

Anbies viral antigen was demunsirated by the finorescent
antibody teehnicue in 47.5 per cent of uhe brains and in 2,2 per
cent of the salivary glands from experimental mice, Therefors, this
nethod of evamination apreared to te somevhat more sonsitive than
either of the cthers for the detection of rabies in the brain tisoues
for the examination of salivary zlands, however, the umethod appeared
to be slirhtly less sensitive than mouse inoculztion, but more so
than the standard micreosconic examination, Ths sreatest advaniage
of the fluorescent antibody technicue over the standard impression
smear technicue lies in the faet thab specifically stained minute
rabies virus apgresates, or so-called "dust particles®, ns well as
the Hegri bodies can be visualized by the‘former, whereas only
derri bodies can be seen by the latter. The possibility of
demonstrating dust particles by the fluorescent antibedy technicue
was particularly evident in specimens taken during the first pos@—
inéculation days before Hegri bodies had yet appeared in the brain
tisaue of mice infected by the intra-cranial route., 4is Negri
podies becawme demonsirable by the standard impresslon smear
techniscue, they could also bs shown by the fluorescent antibody
technioue alonz with more numerous dust particles, RHabies viral
antiren could also be demonsirated by the fluorescent antibody
techninue in some nf the infected salivary glands, but always in

smell amounis and only in the form of dust particles,
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It should be pointed out that certain initiéi difficuities
had Lo be overcome when the eramination of Lismsues by Line Tluorescent
antibody technique was undertaken, In order Lo obtain a satdslactory
inhibiticn on controi impression susars, fixed rablies virus
{strain C¥5=-56) had to be used instead of sirset rabies virus for
4ne infection of mice initended for the preparation of rabid mouse
brain suspensions. Lt was also discoversd that impressicn szears
stained with fluorescein taggzed antibody could not be exanined
sabisfackorily with a combination of exciter filter Be L2 and
barrier filters OGL4=0GhL, Wwith this kind of illuminatien,‘
fizorescent rabies viral antigen could be visualized as green
spois against a black background, but it was soon suspected that
certain artefacts were also reacting to the staln in sueh a way
as to be confused with specitic .leslons. Fortunately, a shift.aifl
Lo barrier filters 3G23 and (G4, or to (i alone, made it pessible
to differentiate specific lesions from these misleading artefacts,
is a result of the modifications in [ilters, specific lesions
containing rabies virus aniisen combined with fluorescent rabiss
aniibody retsined their greenish coloralion, whereas confusing
artefacts appeared as oright reddish-blue sools against a blue
backeround,

48 has veen shown in Table I, positive fimdings were
cotained eariier by the fluorescent anitibody techinijue ihan by
the examination for evidence of infectivity for mice. T:is
diserepancy may ve explained by the lact inat snortly after the

intra=cranial infection of mice, ihe rabies virus has been found
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to penetrate into the susceptible cells and undergo an eclinse

phase durins which infectlous narficles boresk down to non-

infect Lauw smaller units {196). It is presumed that the dust narticles

observesd in the brain tissus of experimental mice sacrificed witnin
n [ew davs after infeciion would represent such small non-infestious
wnits of virus,

The failure of the fluorescent antibody technliue %o
demonstrate rabies viral antiren in certain proven inflected brains
and salivary rlands, Tables II and IV, way stem i'rom a4 lack of
experience on the pari of t-e operator at the time the eximination
was made, However, it may also have been due o an irregular
d4stribution of rabies virus in infected braine and salivary slands
or o the auto-sterilization of these tissues. The last iwo
noesinilities have been reported as occurfing in naturally infected
anizals and humans {195, 171, 37). Turthermore, although the
immression smears intended for microscopic exmanination by the
standard impression smear teennique and by the fluorescent antibody
Leéhnicue vere prepared from the same piece of brain or salivary
#lnnd tissue, a plece from a different area of each tissue was
used for the mouse infectlviiy test,

™e results of eraminztions of 100 field braln specinens
from domestic and wild anirals indicate that microscopie exawination
by the staadard impression smear technizue was the leastl sensilive
by far of the conventional methods of diagnosin: robies. thereas

evidence of infection could be detecied in only 1L fleld snscivens

by this method, 1* wss demcnoirated in 54 by the e dnstion for
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evidence of infectiviiy for aice, and in 50 ny lhe fiuncrescent
anbibody technizue. Hany fachlors are znown to account for bhe

IS . ~

absence of bhepri bodies in the braln tlssue of naturaily inlecled
animals. Tor examole, it has been reported that noroximately 5 Lo

15 per cent of rabid animals frll to develop a “errisenesis (6, 7,

Uy

A ~ o

3, 9je It is alse known that animals suifering from duab or paralyilie
rabies are nobl liksiy Lo show Neari bodies in the brain tissue {134/
animale killed early in the clinicul course of ithe diseass as well as
those sacrificed or dying of rables following imsunization arainst the

divease do not usuaily diselose z Hegrirenesis {(J4d, T)e o the 10U
filed specimens examined in the course of this situdy, 20 hed dled of

dumb rabies and Laree had been kKilled when exhibitlng symptoms of
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killed when exhibitine symploms of furious rables., It is noteworthy
- 7 o

1wal Hepri bodiss were found in the brzin of only one aniss 1l having

died of furious rabiles. Unfortunately, adecwate clinical informaiion

was migsing for the remaining L4 rabid aninals.

S frieultles were also encountersd beeause of the presence of

non-specific inclusions in ~iiliam's stained brain irxgression smears
from certain Tleld speciuens, Ffor example, such incluslons were seen
in Lhe ones Prom vovine No. L%, thether ihese inclusions had
eveloned as a resull of. other viral infeclions such as nuenpal
disesse or malirnani caturrnal fevar could neot be ascertainzd (14, .

Migleading inclusions were sleo ssen in impression. sMears from ithe

E) ]

Lrain tissue of cal ho, 13 and dor 0. lbh.  because of the failure

- 2 -

vo demoneirate rabies virus in the two bralns by souee inoculation
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or oy the fluorescent antibody technitue, it was 8urﬁised that these
jinclusions were non-snecific in the case of the cat and attributable
to dimtemger in the case cf the dog,

fhe microscopic examination for evidence of infectivity for
mice nroved to be ihe most sensitive of the three methods employed for
the detection of rabies infection in field specimens. However, it
nad to be repeated with additional brain material from dog io. 12
and pig No, 5 in order to confirm positive resulis obtained by the
fluorescent antibody technioue. This finding emphasizes the
jmnortance of including in the inoculum pieces of itissue from various
resiona of the brain on account of the possible irresular distribution
of the virus in the brain of rabld animals,

Eablies viral antigen sould not he demonstratad by the
fluorescent antibody technique in the brain tissue of bovims No. 4
or dogs ¥os, 4, 10 and 13, On the other hand, examinatien for
evidence of infectivity for mice revealed the presence of rabies
virus in each of theae four specimens. As suggested earlier in the
discussion of the results of comparstive exarinations of the brains
of experimentally infected animals, this discrepancy may have been
traceable to my inexnerience with the fluorescent antibody techniaus
. the time or Lo an irrsgular distribution of virus in the material,
Unforiunately, additional brain tissue was not available from theée
animals except for dop Ho. 13 from which negallve resultis were

obtained followingz an additional examination,.
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In spite of lhese diserepancies, we are of Lﬁe opinion that
the fluorescent antibody techrique presented certaln advanisges over
the other two methods of examination. Uf particular importance was
the fact‘that rabies viral antigen could be demonsirated almost
exclusively in the form of fluorescent dust particles in the brain
Lissue of 39 aniwals which had failed to show Negri bodies wnen

exanined oy the standard impression smear Lechnigue. It is nole-

worthy that both duet particles and lsgri bodies could be demonsirated

in larger numbers in the orain tissus of the 1l animals found Negri-

positive following microscopic examination by the standard izpression

smear tvechniuyue, PFurthermore, the inclusions sean in illlam's
stained impression smears from the brain iLissue of bovine Ko, 4,
eni Ho. 13 and dog ho. Li could be definitely cousidered as non-
specific since they ware not stalned by fluorescaein tagged rabies -
antibody. It is true that four out of 54 field brain epeciens
that vielded rabies virus on mouse inoosulation were missed when
exsmined oy the fluorescent antibody technique. Ueveriheless, a
digrnosis of rabies could be confirmed in 50 fisld speciuens witﬁin
2 hours of their subamission to the lavoratory. This represente an
cbvious advanitage over the avuse inoculation test that requires an
averare time of 10 io 15 days, &s we are alming abi a specifie and
rapid diagnosis on field specluens, particularly those implicated'
witth human contamination, it seems thal the use of the fluorescenti

antibody btechnigue offers encouraging pos:ibilities. where there

is a history of potential human infection, il will siill be necessary,

nowsver, to inoculate mice with braln material from specimens

oy

oo b T it £ B A e b B T




that prove to be negative by the fluorescent antibody techninue,
SUBART

A study was undertaken to determine the route of inoculation,
the tissue and Lhe method of laboratory examination which would bve
mogt satisfactory for the early demonsiration of infsction following
iroculation of laboraztory animals with atreeﬁ rables virus,

A strain of virus was obtsined from a iield case of bovine
rabies and repassaged in a calf. A suspension prepared from brain
tinsue of this aﬁimal was titrabted in mice and used as cnéllenge
matefiai.

Suiés white mice were salectedraé_exPerimental aninmals, In
the first part of the investipgation, individual groups of five mice
were inoculatgd_intracranially and theﬁ sacrificed at daily intervals
unidil they died of the infection. The second pari differed from the
first only in the route of infectlon, mice’being inoculsted into the
cervicai.mmsculature. The sensitivity of each roube of inoculstion
was compared as Lo the ﬁime of apprarance of Negrl bodies and/or
infectivity in the brain and salivary glands. when obtainable,
saliva samples were also examined by the mouse infectivily tesl.

Tures laboratory methods were employed'and their sensitiviiy
soapared a)xmicrosccpic exazination by standard ilumpression smear‘
technique, b} examinaiion for evidence of Infecilvity for nice, mnd
¢; miecroscopic examination by fluorescent aniibody technigue.

Tne relative sensitivity of these taree laboratory melhods
was also evaluated in the eraaination of 100 field braln specimens

from donestie and wild aninlse
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Flate 2.~ Ixperimental mice one day aflter Intra-
eranial inoculatllon.,
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Plate 3.'

Experimental mice, 1l days after intra-
cranial inoculation,




Plate L’-."

Brain of an experimental mouse from which
the right hippocampus has been disuscled
and is shown irn the upner risht quarter,

e,



~120-

Plate 5.~ Hxperimental mouse vwhose sub-zmaxillary
salivary plands have been exposed for
dissection,
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Plate H,- PFreparation of impression smears from
tne salivary gland of an experimental
nouse, ' '
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Plats 7“

iilliams' stained impression smear of a
Negri~nsgative salivary gland from an
experizental mouse. TOUL.




-123-

Plate #.- Willlams' stained ijpression smear of a
Yegri-negative hippocanpus from an
experimental aouse. 700X,




¥illiams' stained impression smear of the
hippocampus from a rsbid experimental mouse,
Hegri bodies are indicated by arrows, 700X,




Plate 10,~ ¥illiams' stained impression smear of the
hippocampus from a rabid bovine field
gpecimen. Negri bodies are indleated by
APTOWSE o 700:‘:.
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Flate 1l .-~

#illiams' stained impression smear of
the hippocampus from a dog field
specimen showing distemper inclusions,
as indicated by arrows. TOOX,




i}lﬁ.te 1-2 [ ad

Negri bodies and dust particles as shown vy
the fluorescent antibody technicue in the
hippocampal tissue of a rabid experisenial
mouse, 40k,
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Flate 13.- KRegsri bodies and dust porticles as shown
by the Cluorescent antlbody technigue
in the brain tissue of a rabld shounk
field specimen, 4004,




