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Rabies, an infectious disease caused by a virus of genus
Lyssavirus, is considered to be one of the greatest economic
problems related to livestock and public health. At necropsy,
rabies is usually diagnosed by subjecting fresh or formalin
fixed nervous tissue samples to pathological examination and
the routine diagnostic methods used are fluorescent antibody
test (FAT) on brain impression smears and histopathological
examination of the brain for Negri bodies. However, the
occurrence of rabies virus infection and Negri bodies were
not always found correlated and the use of fresh tissue
samples for laboratory examination is hazardous due to
possible risk of contamination of the environment with rabies
virus (Gunawardena and Blackmore 2007).

In many situations only formalin-fixed tissue is available
for postmortem diagnosis due to lack of laboratory facilities
or fresh tissues to the laboratory (Warner et al. 1997, Abreu
et al. 2012). Hence there is a need of better diagnostic method
which can be applied on formalin fixed tissue samples. There
were numerous attempts to find a satisfactory method to
detect rabies virus antigen in chemically-preserved tissue,
or for retrospective immunofluorescent (IF) examination of
tissue that was formalinized at the time of necropsy
(Swoveland and Johnson 1979, Johnson et al.1980, Reid et al.
1983, Umoh et al. 1985, Bourhy and Sureau 1990). However,
FAT on fresh tissue is most satisfactory and standard
procedure for detection of rabies antigen (Goldwasser and
Kissling 1958). In the present study, sensitivity and reliability
of FAT procedures on 100 fresh and formalin fixed brain
tissues were compared.

Tissue source: Brain samples (100) were collected from
rabies suspected cases that were received for postmortem
detection of rabies in the Department of Veterinary Pathology,

GADVASU, Ludhiana. Samples were collected from
different locations, viz. hippocampus, cerebellum, and brain
stem respectively. Three pieces of each tissue sample were
stored at –20°C, in 50% glycerol saline solution, and in 10%
neutral buffered formalin (NBF) solution respectively.

Tissue preparation: The brain tissues were collected as
paired samples. One of the portions was prepared for
formalin-fixed FAT testing and other portion for fresh FAT
testing. Impression smears were made for fresh tissue
specimen and fixed in acetone as described previously
(Goldwasser and Kissling 1958). Formalin fixation of tissue
was done at room temperature in 10% NBF. Formalin fixation
was done for minimum of 24 h and maximum of 60 days.

Detection of rabies virus antigen in fresh tissue impression
smear using fluorescein-labeled antibody: The detection of
rabies virus antigen in impression smear was done similarly
as described previously by Awahan et al. (2012).

Detection of rabies virus antigen in formalin-fixed tissues
using fluorescein-labeled antibody:The FAT of formalin-
fixed tissues was performed as per Warner et al. (1997) with
the following modifications: The dewaxing and rehydration
of tissue sections was carried out by EZ-AR common solution
at 70°C for 10 min in microwave oven; antigen retrieval was
done in citrate buffer (0.01 M, pH 6.0–6.2) EZ-RetrieverR

System V.2.1 at different time and temperature combinations-
2 cycles–95°C for 10 min and at 98°C for 5 min, respectively.
Thereafter, slides were washed with PBS washing buffer (pH
7.2–7.6) for 3 times, 5 min each; and allowed to dry at room
temperature. Fluorescein isothiocyanate (FITC) conjugate
(0.1 ml) was added on every paraffin embedded tissue
sections. The slides were incubated at 37°C for 60 min by
placing in a humidified chamber. Slides were washed with
PBS washing buffer (pH 7.2–7.6) for 2 times 5 min each,
twice more in deionized water at room temperature. The
sections were air-dried and cover glasses were applied using
aqueous mounting media fluoromount. The slides were
examined using a fluorescent microscope.

Comparison of test results: Sensitivity of FAT on formalin
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fixed brain tissue samples was calculated in comparison with
direct FAT on brain impression smears as per Perrin and
Sureau (1987). The results of both FAT procedures were
compared. Out of total 100 cases, 2 cases showed false
negative results with FAT on fresh tissue smears (Table 1).

FAT on fresh tissue smears: Brain tissues were positive in
58 cases (58%) out of 100 cases for the presence of rabies
viral antigen. Characteristic apple green immunofluorescence
was observed intra-cytoplasmic in neurons (Fig.1) as well
as in the form of diffused fluorescence in the brain tissue
smears. FAT is sensitive, specific, easy to perform, serves as
standard diagnostic procedure, and is the preferred test for
rabies diagnosis (Velleca and Forrester 1981, Smith 1999,
Whitfield et al. 2001).

FAT on formalin fixed tissue: Out of 100 cases, 60 (60%)
were positive for rabies virus antigen and revealed 100%
sensitivity in comparison to FAT on fresh tissue smears
(Table 2). The viral antigen in formalin fixed tissue was
visible as distinct apple green coloured intracytoplasmic
inclusion bodies and finely granular particles along dendritic
arborization, axonal tracts and in the stroma (Figs 2–4).
Detection of viral antigen was almost same in tissues stored
in formalin for short and long period of time.

Comparison of FAT on fresh tissue smear and FAT on
formalin fixed tissue: FAT on formalin fixed brain tissue
samples revealed 100% sensitivity in comparison to FAT on
brain tissue smears (Table 2). Two animals were positive by
FAT on formalin fixed tissue but negative with FAT on fresh
tissue. With either of the FAT procedures, the most likely
explanation of apparent false-negative results is that the rabies
antigen may not have been evenly distributed, thus no antigen
was present in the sections examined or the disease could
have been due to some other pathogen showing similar
symptoms like that of rabies. In either of the FAT procedures
no false positive results were observed. Proper antigen
retrieval and optimum working dilution of anti-rabies
antibody are the 2 key factors determining desirable results.
FAT on formalin fixed tissues showed comparable results to
that of fresh tissue specimens. Thus, present study observed
that FAT on formalin fixed tissue is better than FAT on brain
tissue smears and can replace FAT on fresh tissue smear for
rabies diagnosis.

SUMMARY

The fluorescent antibody test (FAT) is most preferred
method to visualize fine particles of rabies viral antigen in
rabies infected tissues. In present study, formalin-fixed brain

Table 1. Results with FAT on fresh tissue smears

Species Total no. of Direct FAT FAT on formalin
animals positive fixed tissue positive

Dog 41 22 22
Buffalo 28 17 18
Cow 15 9 9
Horse 4 2 3
Mongoose 3 3 3
Cat 3 2 2
Rabbit 1 0 0
Samber 1 0 0
Monkey 1 0 0
Jackel 1 1 1
Hyena 1 1 1
Ratel 1 1 1
Total 100 58 (58%) 60 (60%)

Figs 1–4. 1. Impression smear drawn from hippocampus of a rabid dog showing apple green fluorescence in neurons. Direct FAT ×165.
2. Section of cerebellum of rabid cow showing sharply demarcated green colored Negri bodies (arrow) in Purkinje cell and green colored
small viral particles distributed in the stroma. Direct FAT. ×400. 3. Section of hippocampus of rabid dog showing sharply demarcated green
coloured Negri bodies (arrows). Direct FAT.× 400. 4. Section of cerebellum of rabid buffalo showing sharply demarcated green colored
Negri bodies (arrow) in Purkinje cell. Direct FAT ×400.

Table 2. Sensitivity of FAT on formalin fixed brain tissue
samples in comparison to FAT on brain tissue smears

Test FAT on fresh FAT on fresh Total
brain smears brain smears

(positive) (negative)

FAT on formalin fixed 58 2 60
tissue (positive)

FAT on formalin fixed 0 40 40
tissue (negative)

Total 58 42 100

= 60/58+2 ×100= 6000/60 = 100%

Sensitivity of FAT
on formalin fixed
brain tissue samples

= × 100

True positive
(true positive + false negative)
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tissues from 100 clinically rabid animals were heat treated
and tested for the presence of rabies virus antigen by direct
immunofluorescent (IF) staining. The results were compared
with those obtained from direct IF staining of acetone- fixed
smears. The evaluation of rabies status between fresh and
formalin – fixed tissue was in agreement in 100% of the
cases. These results suggested that this technique is a valid
procedure for routine diagnosis of rabies, particularly in
situations in which fresh tissue is not available.
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