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SYNOPSIS

Staining with fluorescent antibody of street rabies antigens in
smears made from the salivary glands of rabid animals is described.

The salivary glands of 157 animals, including dogs, foxes, cats,
pigs, cows, one squirrel and one rat were processed with fluorescent
antibody. In addition, staining was carried out for Negri bodies and
virus isolation studies were made on the brains and salivary glands.
By virus isolation from the brains, a total of 55 animals were found
to be rabid. Of these, 51 were shown to have demonstrable Negri
bodies and 49 were found to excrete virus in the salivary gland.
Forty-eight of these 49 were found to have antigens in the salivary
glands which could be stained by fluorescent antibody techniques and
demonstrated by microscopic examination of smears made from six
different areas of the glands.

It has been reported that fluorescent antibody techniques can be used
to stain street and fixed rabies virus antigens in the brains of experimentally
infected mice (Goldwasser & Kissling). It was also indicated that the same
techniques could be used to detect the presence of rabies antigens in the
salivary glands of infected animals. The advantages of such procedures, if
sufficiently reliable for decision as to vaccination following exposure to
suspected rabid animals, are obvious.

The present report amplifies the preliminary report -concerning the
staining of virus antigens in the salivary glands of rabid animals and pre-
sents the results of a field study on tissues submitted for rabies diagnosis
in the State of Alabama over a period of five months.

* Present address: Chief of Department of Virology, Israel Institute for Biological Research, Ness-
Ziona, Israel.
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Materials and Methods

Antisera and labelling
The antisera used for producing conjugates were antirabies sera of equine

origin (Lederle). These were diluted directly in isotonic saline to which
buffer (Na2CO3/NaHCO3 0.5 M) was added in a proportion of one part
buffer to 9 parts diluted serum. The total amounts of saline and buffer
used were adjusted in each case to give a final protein concentration of
2.5 %. The above mixture was chilled in an ice-bath and fluorescein isothio-
cyanate (Seiwald et al.), kindly supplied by the Baitimore Biological Labora-
tory, was added in powder -form in a proportion of 1 mg fluorescein iso-
thiocyanate to 20 mg protein. The mixture was stirred overnight in the
cold, after which the conjugate was dialysed against several changes of cold
saline buffered with KH2PO4/K2HPO4 (0.01 M, pH 7.4-7.6) until no fluor-
escence could be detected in the dialysing fluid. Protein recovery was ap-
proximately 98 %, and the fluorescein: protein ratios, determined as de-
scribed elsewhere (Goldwasser & Shepard), were between 15 x 10-3 and
18 x 10-3. Before use the conjugates were diluted in saline to contain 10%
protein and were then absorbed once with mouse-liver powder and once
with mouse-brain powder (Coons, Leduc & Connally).

Mouse-brain suspensions
Suspensions were made of normal mouse brains (NMB) and of the brains

of mice infected with the CVS 11 strain of fixed rabies virus (RMB). One
part by weight of mouse brain was homogenized in 4 volumes of 10% yolk
from 6-7-day embryonated eggs in 0.05 M sodium phosphate buffered
water, pH 7.6-7.8. The suspensions were centrifuged at approximately
1000 revolutions per minute (r.p.m.) for 10 minutes and the supernates
drawn off and stored at -20° C.

Collection and treatment of specimens
The material used in this study consisted of specimens submitted for

rabies examination to the Alabama State Health Department, Bureau of
Laboratories. Brain smears were examined for the presence of Negri bodies
at the laboratory receiving the specimen. Portions of brain and the salivary
glands were shipped in glycerol to Montgomery, where virus isolation
attempts were made at the CDC Virus Laboratory and the central State
Laboratory.

On receipt, the brain specimens were triturated with sterile alundum in
buffered water to make a 10% suspension. The suspension was centrifuged
at 1000 r.p.m. for 5 minutes and the supernatant fluid from each specimen
was inoculated intracerebrally into mice. The salivary glands from each
animal were divided into two portions. One portion was treated similarly
to the brain specimens and inoculated into mice. All mice were observed
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for 21 days and those which died during that period were checked for the
presence of Negri bodies. Only those which showed the typical inclusions
were considered as having been infected with rabies. When indicated, virus
titrations were carried out by the intracerebral inoculation of mice with
serial tenfold dilutions of the salivary gland suspension.

The other portion of the salivary gland was used to make smears for
staining with fluorescent antibody. Small pieces of tissue 2-3 mm in thick-
ness were cut from various regions of each gland and were rinsed in two
changes of buffered saline for l2-l hour to remove most of the glycerol.
The pieces were then removed from the saline, blotted on filter paper and
smeared on glass slides. Many glands did not make satisfactory smears
when treated in this way, and it was later found that if the pieces were
allowed to dry on the blotting paper for l/2-l hour, they would then usually
make satisfactory impression smears. Two duplicate smears were always
made on each slide and two to six slides were made from each animal, a
different piece of tissue being used for each slide.

Mouse-brain impression smears
Impression smears were made from the brains of street-rabies-infected

mice to serve as controls for the unknowns of the field study. Intracerebrally
inoculated mice were sacrificed when definite signs of the disease were
observed; the brains were removed and impression smears made from a
cross-section which included the hippocampi. Two smears were made on
each slide. Very light smears gave the best results, and 50 or more slides
could be prepared from a single mouse brain section. Following fixation,
these slides could be stored in the -20° C deep-freeze for several months
without change in staining qualities.

Fixing of slides
It has already been pointed out that the method of fixing is very im-

portant for the successful staining of rabies antigens (Goldwasser & Kiss-
ling). A slight variation of the method described earlier gave even more
satisfactory results. Smears made from salivary glands and mouse brains
were allowed to dry thoroughly at room temperature. They were then
dropped into Coplin jars filled with acetone at -15° C to -20° C. After
4 hours' fixation, the slides were removed from the acetone and drained and
dried without being taken out of the freezer.

Staining of slides
The direct staining method of Coons & Kaplan (1950) was used exclus-

ively in this work. One smear on each slide was layered with the conjugate
prepared as described above diluted 1: 5 in NMB, and the other with the
conjugate diluted 1: 5 in RMB. The two suspensions were prevented from
mixing on the slide by a line of petroleum jelly dissolved in ether drawn
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around each smear. The slides were incubated at 370 C for half an hour
in a wet chamber, washed for 10 minutes in two changes of buffered saline,
dried, and mounted in buffered glycerol. A slide made from the brain of a
mouse infected with street virus, prepared as described above, was included
in each group of unknown slides stained. When staining was properly
performed, the control brain smear treated with conjugate diluted in NMB
showed brilliantly fluorescent bodies (Fig. 1), ranging in size from the
barely visible to over 20 t in diameter (Goldwasser & Kissling), whereas the
smears treated with the conjugate diluted in RMB showed only the normal
uniform blue-grey autofluorescence of unstained tissues.

Microscopy
A Reichert " Fluorex " lamp fitted with a 5840 Corning glass filter

(½2 standard thickness) served as the light source for this work. The
microscope used was fitted with a 40 x fluorite oil immersion objective
(Bausch & Lomb) N.A. 1.0 without funnel stop and a 10 x ocular. A
Wratten 2B or a Corning 3-73 glass filter was used as the ocular filter.
This combination of lenses allowed the visualization of fluorescent particles
smaller than could be seen with the 97 x oil immersion objective and
permitted the examination of larger fields of the smears.

Results

Microscopic appearance

There was considerable variation in the appearance of the rabies antigens
as well as of the background material under the fluorescence microscope.

FIG. 1. IMPRESSION SMEAR MADE FROM BRAIN OF LABORATORY-INFECTED
MOUSE

The larger yellow-green fluorescent particles correspond to Negri bodies. The smaller
yellow-green fluorescent particles are also specifically stained rabies antigens. Magni-
fication: 370 x.

FIG. 2. IMPRESSION SMEAR MADE FROM SALIVARY GLAND OF RABID DOG

Note presence of large quantities of bright, colourless, autofluorescent material and
of a few specifically stained (yellow-green) particles of rabies antigens. The blue-grey
material is debris. Magnification: 370 x.

FIG. 3. IMPRESSION SMEAR MADE FROM SALIVARY GLAND OF RABID FOX

The rabies antigens are in the form of diffusely scattered, minute particles, stained
yellow-green against a background of blue-grey debris. Magnification: 370 x.

FIG. 4. IMPRESSION SMEAR MADE FROM SALIVARY GLAND OF RABID COW

Note wide range of particle size of rabies antigens (stained yellow-green). Some
salivary gland elements which show brilliant colourless autofluorescence are also present.
Magnification: 370 x.
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Salivary tissue elements had a tendency to give high blue-grey autofluo-
rescence. There were also usually present varying amounts of amorphous
debris scattered about which showed brilliant tan or white autofluorescence
(Fig. 2). Occasionally cocci or rod-shaped bacteria could be seen which
showed faint to good staining with the conjugate used. When such staining
took place, however, the conjugate diluted in RMB stained just as well as
did the conjugate diluted in NMB, thus preventing confusion with rabies
antigens (Goldwasser & Kissling). A small amount of non-specific staining
was also found in some gland smears, but this could usually be distinguished
from rabies antigens by morphology or colour and intensity of staining.
However, it was sometimes necessary to make very careful comparisons
of the two duplicate smears on the slide stained with the conjugate-NMB
mixture and the conjugate-RMB mixture before it was possible to decide
whether or not rabies antigens were present. Such comparisons, therefore,
were always made in all slides on which the yellow-green fluorescence of
fluorescein-stained objects was found.

The rabies antigens varied greatly in morphology. In size they ranged
from minute stippling to particles approximately 6-8 ,u in diameter (Fig. 3
and 4). The larger particles varied considerably in shape but tended to be
fairly round with smooth edges and showed no granularity such as can
sometimes be seen as a result of precipitation of fluorescent material from
the conjugate. Frequently antigens were present in the form of fine strands
oriented fairly uniformly in any one field, indicating the probability that
some of the larger particles had been streaked out on the slide during the
process of making the smear.

Field study
Salivary glands submitted during approximately a three-month period

from March 1958 to June 1958 were included in the first part of the field
study. There were 121 specimens in this series, which was composed of
glands from 100 dogs, 10 cats, 5 foxes, 2 pigs, 2 cows, 1 squirrel and 1 rat.
Two slides were prepared from each salivary gland specimen within 24 hours
of arrival. The slides were handled as unknowns, i.e., the investigators
examining the slides were not informed of the results of staining for Negri
bodies until they had completed their examination and recorded their
results.

Negative findings by fluorescent staining were made in the case of all
94 non-rabid animals, i.e., those which were Negri-negative and from the
brain and salivary glands of which no virus could be isolated.

Rabies virus was isolated from the brains and salivary glands of 25 dogs
and foxes; two were Negri-negative. Two additional dogs yielded virus from
the brains but not from the salivary glands; one of these was Negri-negative.
In this series, in which only two smears were made from the salivary glands
of each animal, fluorescent antibody staining was found in 19 (76 %) of the
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25 from which virus was isolated. In those glands found positive by staining,
the virus titres ranged from 1015 to 1066 LD50, and those whose diagnosis
was missed ranged from a trace to 104-3.

In several cases it was noted that one slide was found to contain fluores-
cein-stained antigen, whereas another made from the same gland showed
very little or no such antigen. The possibility was considered that unequal

TABLE I. FLUORESCENT ANTIBODY STAINING OF RABIES ANTIGEN
IN SALIVARY GLANDS

Virus isolation

Specimen No. salivary brain bodNegri Staining ofSpecimenNo. salivary ~ bodies salivary glands **

Igland bri

19, 24, 34, 38, 49, 68,
80*, 81, 84, 135, 136,
137, 142, 166, 176, 191,
195, 204, 206, 209, 212,

213, 214, 223

3

5

59

67

90

105

112

121

131

141

154

157

158

159

161

163

164

186

198

210

221

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+ +

--± ±-+

-+ .-+

--i + +-

--+ + + ±

--±, +-±

--±- +-

---_ +

Total 45 glands 38/45 44/45 42/45 39/45

* Fox salivary glands; all the rest of the glands In this table were from dogs.
** In this column each sign Indicates findings in one slide (-= no stained antigen found;

± = very small amounts of antigen found; + = moderate to large amounts of antigen found).
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distribution of the virus occurred in the glands, which might explain the
negative results in some of the cases studied. Another series of preparations
was therefore made to test this possibility.

Forty-two sets of dog glands were selected, which included the following:
the 6 sets which had been missed from the first series, 7 sets from known
non-rabid animals, and 29 sets from dogs which had been diagnosed as
rabid according to Negri-body staining or virus isolations. Six slides were
made from each of the sets of glands, using a separate piece of tissue cut
from a different area of the gland for each slide. The slides were fixed,
stained, and coded so that they were read as unknowns. On examination,
if one of the first two slides of any group of six was definitely positive, no
attempt was made to look further. An exception was made for specimen 112,
since after getting a positive reading it was found that this was probably
a false positive. Six additional smears were therefore read also as unknowns,
with negative results. When neither of the first two slides of any group
gave a positive reading, the other four of that group were examined.

The results of this study are summarized in Tables 1 and 2, which include
only those animals found to be rabid by one or more of the tests indicated.
Both tables indicate the probable lack of uniformity in distribution of the
virus in the salivary glands of the rabid animals. In the case of 24 of the
animals shown in Table 1, moderate to large amounts of virus antigen
were found in each of the two slides examined. In seven animals, two or
more of the six slides examined were completely negative and the rest of
the slides of those animals showed very small to large amounts of antigen.
That these findings were not completely dependent on the virus titres is
indicated in Table 2. In the case of two glands which showed titres of only
101.5 LD50, the first two slides examined showed moderate amounts of
antigen, whereas several glands having titres ranging from 103.2 to 104. LD50
gave two or more negative slides.

Except in one case, positive findings were made on all glands from which
virus had been isolated, including those which had been missed in the pre-
vious series. The one exception was in a set of glands which contained so
little live virus that only 2 of 5 mice inoculated with the 10% suspension
developed rabies.

Discussion

Although virus isolation is usually considered to be the most reliable
method for diagnosing rabies, this technique is too time-consuming to be
used as the basis for decision regarding vaccination. Therefore, the decision
whether or not to immunize is usually based on the demonstration of Negri
bodies in the brain tissues of the suspect animal. However, Negri bodies
cannot be demonstrated in all animals from which the virus can be isolated.
Furthermore, not all Negri-positive animals can be shown to secrete virus
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TABLE 2. FLUORESCENT ANTIBODY STAINING OF RABIES
ANTIGENS IN SALIVARY GLANDS COMPARED

WITH VIRUS TITRES

Virus titre of Staining of
Specimen No. salivary gland Negri bodies salivary glands**

(log LD,0,)

1 1.5 + + +

2 Trace _

7 3.2 +

8 4.2 + +

9 5.6 + + +

10 6.6 + + +

12 1.5 + + +

20* 4.3 + + +

70 4.3 + .+

74 6.3 + + +

77 3.5 _-++

* Fox salivary glands; all the rest of the glands in this table were from dogs.
** In this column each sign indicates the findings in one slide (-= no

stained antigen found, ± = very small amounts of stained antigen found,
+ = moderate to large amounts of stained antigen found).

in their salivary glands. As a result, a decision must often be based on
a mixture of laboratory, clinical, and subjective findings.

Fluorescent antibody techniques combine the advantages of speed and
specificity. Tissues arriving in the laboratory in the morning for examination
could be processed, stained and examined during the same working day.
The time needed for the examination of any one slide was found to average
10 minutes. In the majority of cases where virus was present in the salivary
gland, this fact became obvious after looking at only a very few fields. In
the case of about 25 % of the glands it was necessary to examine several
slides before antigens could be detected, and in a few cases as many as six
slides had to be examined. In some specimens where virus titration in mice
showed low concentrations of virus to be present, large amounts of fluor-
escent staining material were found. In other cases, where animal inocula-
tions showed high titres, only small amounts of virus antigens could be
demonstrated. This seemed to indicate that the virus was not distributed
uniformly throughout the gland tissue and might be present in considerable
concentration in one area and absent from another. This was substantiated
by the fact that in several instances a slide made from one area of a gland
showed little or no staining, whereas another slide made from another
region showed considerable antigen to be present.
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The results of the study of material collected in the field indicate that
with sufficient care and experience fluorescent antibody techniques can be
used with considerable speed and accuracy for the determination of the pre-
sence of rabies virus in the salivary glands of animals. Out of approximately
300 slides prepared from non-rabid animals or from animals whose salivary
glands could not be shown to contain virus by animal inoculation, only one
false positive diagnosis was made. In this case the possibility of a technical
error on the part of the worker preparing the slide cannot be ruled out. On
the other hand, in the case of 49 animals from whose salivary glands virus
was isolated by animal inoculation, 48 were diagnosed by fluorescent anti-
body techniques and the one missed contained only traces of virus.

Considerably wider application of this method is needed before it would
be possible to determine whether the standard methods for the diagnosis
of rabies in use today in public health laboratories could be replaced by
fluorescent antibody techniques. The latter methods, however, seem to
show considerable promise and could serve as a useful adjunct to those in
use today.

RESUME

La coloration - et la dWtec.ion - du virus rabique dans les glandes salivaires d'ani-
maux suspects do rage, au moyen d'anticorps rendus fluorescents, a ete mise a 1'etude
pour 12 diagnostic de la rage, durant 5 mois, dans l'Etat d'Alabama, Etats-Unis d'Ame-
rique.

Si l'isolement du virus rabique reste le proo.d6 le plus sur, il est trop long et complique,
et l'on ne peut attendre ses r6sultats pour d,<cider s'il convient, ou non, de vacciner un
sujet mordu par un animal pr6sum-e enrage. La recherche des corps de Negri dans les
glandes salivaires, qui lui a e substituee, no donne pas de resultats surs, car les corps de
Negri peuvent etre absents, ou 6chapper a l'examen alors que l'isolement du virus
est positif. La methode de coloration fluoresconte qui a donne de bons espoirs en
laboratoire est a la fois rapida et sp6cifiqu. Les auteurs en d6crivent la technique,
de fa9on detaillee. Elle consiste a priparer un conjugue de serum antirabique provenant
du cheval et d'isothiocyanate de fluoresceine, en proportions strictement definies, puis
a plonger dans cc bain, dans des conditions soigneusement deteminees, des frottis par
impression de coupes de glandes salivaires; l'antigene apparait fluorescent au microscope
muni d'un oculaire et d'un objectif adapt6s A cette recherche.

Dans l'etude dont les auteurs rendent compte, des series-contr6les ont et examinees,
preparees par inoculation a la souris de broyats des tissus suspects, recherche des corps
de Negri et isolement du virus. Sur pres de 300 frottis de glandes d'animaux non enrages
ou chez lesquels le virus n'a pu etre isole, la methode par fluorescence n'a donne qu'un
seul diagnostic faux, encore une erreur de technique de la part d'un pr6parateur ne peut-
e'le etre exclue. Sur 49 animaux chez lesquels la presence du virus a et decelee par
inoculation A l'animal, un seul a 6chapp6 au test par fluorescence - et les glandes de
cet animal etaient tres pauvres en virus.

De nouvelle etudes comparatives sont necessaires, avant que l'on puisse recommander,
de preference aux autres, le test par fluorescence pour deceler l'antigene rabique dans la
pratique, mais la methode est prometteuse.
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