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Background & objectives: Traditionally, rabies diagnosis is made by demonstration of rabies viral antigen 
by direct immunofluorescence (DIF) and mouse inoculation test (MIT). The present study was carried 
out to evaluate the role of reverse transcriptase-polymerase chain reaction (RT-PCR) in comparison with 
these conventional techniques for the diagnosis of rabies. 

Methods: Skin biopsies, corneal impression smears and saliva sample were collected ante-mortem and 
brain tissue and CSF were collected post-mortem from ten clinically suspected rabies patients. DIF, 
Seller staining, MIT and RT-PCR were performed on the patients’ samples for the diagnosis of rabies. 
The ability of RT-PCR to detect rabies virus earlier as compared to other assays was tested both for 
reference virus as well as clinical isolates.  

Results: All samples taken ante-mortem were negative for DIF test. Six of 10 post-mortem brain tissues of 
the clinically suspected patients were positive both by RT-PCR and MIT, of these six, five were positive by 
DIF test and four were positive by Seller stain. RT-PCR could detect the rabies virus earlier as compared 
to DIF, both from clinical isolates and fixed rabies virus.

Interpretation & conclusions: The present results showed 100 per cent sensitivity and specificity of RT-
PCR as compared to 83.3 per cent of DIF and 66.7 per cent of Sellers stain for diagnosis of rabies. RT-
PCR also detected rabies viral infection earlier as compared to conventional tests and can also be used 
on ante-mortem samples. Thus, the present study shows the usefulness of RT-PCR as an alternative to 
MIT for the confirmation of rabies diagnosis. 
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 Rabies is responsible for approximately 50,000 
to 100,000 deaths per year worldwide1. Although 
preventable by vaccination, this deadly disease is 
still not controlled and its true impact is largely 
underestimated2. Exact data on magnitude of human 
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rabies in India are not available as surveillance 
mechanism for rabies hardly exists. However, India 
contributes a major chunk to global rabies mortality. 
Central Bureau of Health Investigation (CBHI) records 
about 500 deaths due to rabies annually which has 
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though come down below 300 in recent years3 . This 
is still a serious concern when safe and effective anti-
rabies treatment is available. 

	 An	 early	 confirmation	 of	 rabies	 is	 extremely	
important to prevent the spread of infection by timely 
institution of proper immunization or the unnecessary 
use of post-exposure prophylaxis if found negative. 
Traditionally, ante-mortem diagnosis of rabies is made 
by demonstration of rabies virus antigen by direct 
immunofluorescence	 (DIF)	 in	 corneal/conjunctival	
smears and skin biopsies4. DIF of corneal scrapings 
and skin biopsies has a sensitivity of 20- 50 per cent5,6. 
The	 confirmatory	 diagnosis	 of	 rabies	 is	 the	 mouse	
inoculation test (MIT) using patient brain tissue 
obtained at autopsy. Though MIT has a sensitivity of 
more	than	98.3	per	cent	and	specificity	of	100	per	cent	
it is laborious, takes 2 to 3 wk time and requires many 
experimental mice7. Recently, molecular techniques 
such as the reverse transcriptase polymerase chain 
reaction (RT-PCR)8-10 and nucleic acid sequence based 
amplification	 assay	 (NASBA)11,12 have been tried 
by various workers to improve the sensitivity and 
specificity	of	 ante-	 as	well	 as	post-mortem	diagnosis	
of rabies. The present study was carried out to evaluate 
the role of RT-PCR in comparison with conventional 
techniques like DIF and MIT for the diagnosis of 
rabies. 

Material & Methods

 The study was conducted over a period of three 
years in the Department of Virology, Postgraduate 
Institute of Medical Education and Research 
(PGIMER), Chandigarh. Fifteen patients attending 
PGIMER, Chandigarh, with clinical features suspected 
of rabies encephalitis were included in the study. Ten 
of them died within 4 to 10 days of hospital admission 
while	five	left	the	hospital	against	medical	advice	and	
hence were not included in the study. Thus both ante-
mortem and post-mortem samples of ten patients were 
analyzed in the study.

 Skin biopsies and corneal impression smears 
were collected ante-mortem according to the standard 
protocol7. An additional saliva sample was collected 
with the consent of the patient or the attendants. In 
case of patient’s demise, brain tissue and CSF were 
collected at autopsy. All samples were collected after 
obtaining the written informed consent from the 
patient’s attendants. The study protocol was approved 
by the Institute’s ethics committee.

DIF test: This was performed on the nuchal skin 
biopsies, corneal impression smears and brain tissue. 
Five different sections of skin tissue containing at 
least 8-10 follicles per smear were examined for the 
presence	rabies	antigen.	The	acetone	fixed	smears	were	
stained with sheep antirabies serum conjugated with 
fluorescein	 isothiocyanate	 (FITC)	 [Central	 Research	
Institute (CRI), Kasauli] at 1:8 dilution and examined 
under	the	epifluorescence	microscope	(Nikon,	Japan)	to	
look	for	the	apple-green	fluorescence	exhibited	by	the	
rabies viral antigen in the perifollicular nerve plexus.

Seller stain: Smears made from the brain tissue were 
examined for the presence of the characteristic Negri 
bodies by Seller stain7.

MIT: This was performed according to the standard 
protocol described by Koprowski et al13 by inoculating 
homogenized patient brain tissue intracerebrally in 
to two litters of 1-3 days old Swiss albino mice, each 
consisting of 6- 8 mice per litter. 

 To determine the earliest appearance of rabies virus 
RNA	in	the	mouse	tissues	reference	rabies	fixed	virus	
suspension (obtained from CRI, Kasauli) was also 
inoculated intracerebrally into two litters of mice. Two 
newborn	mice	were	sacrificed	per	day	and	their	brains	
and muzzle skins were harvested on alternate days (day 
1- day 8 in case of reference virus and day 5 till death 
in case of clinical sample). This schedule was decided 
considering	the	short	duration	of	the	fixed	rabies	virus	
and routine observation on development of symptoms 
with clinical samples. Brain tissue and muzzle skin 
were subjected to DIF, Seller’s staining and RT-PCR. 
The observations were recorded independently from 
two sets of such experiments and by two observers 
separately.

RT-PCR: Saliva, post-mortem brain tissue, CSF, infected 
mouse brain and muzzle skin samples preserved at 
-70ºC were subjected for RT-PCR to detect the rabies 
virus RNA. The primer sequence was derived from the 
nucleocapsid gene of Pasteur virus strain as described 
previously14. cDNA synthesis was done by annealing 
1µg of total RNA with 50 pmol each of the outer pair 
of primers for the nucleocapsid gene, 5’-CTA CAA 
TGG ATG CCG AC- 3’(66-82) and 5’-GAG TCA CTC 
GAA TAT GTC- 3’ (1402-1419) at 70°C for 5 min, and 
the product was chilled on ice. The reaction mixture 
was	completed	 to	a	final	volume	of	20	µl	containing	
murine leukaemia virus -RT and 10mM dNTP (MBI, 
Fermentas, USA) and incubated for 1 h at 42°C.



 RNAcDNA hybrid was added to make 50 µl to 
PCR buffer containing 1.25 U of Taq DNA polymerase 
and 2 mM dNTP. The mixture was subjected to 40 
cycles of PCR (94°C, 1 min; 43°C, 2 min; 72°C, 2.5 
min) on a DNA thermal cycler (Techne, UK). Then 
2µl	of	 the	primary	amplified	product	was	added	 to	a	
23 µl mixture that contained 2mM dNTP and 20 pmol 
each of the inner primer pair, 5’- GAC ATG TCC GGA 
AGA CTGG-3’ (319-337) and 5’-GTA TTG CCT CTC 
TAG CGG TG- 3’ (823-842) and 1U of Taq DNA 
polymerase. These were subjected to 40 cycles of PCR 
(94°C,	1	min;	43°C,	2	min;	72°C,	2.5	min).	The	final	
amplification	product	of	563	base	pair	was	visualized	
in 1.2 per cent agarose gel electrophoresis and ethidium 
bromide staining.

 Sensitivity of RT-PCR was determined by 
quantitating	 the	 extracted	 RNA	 from	 fixed	 virus	
inoculated MIT positive brain sample diluted in log 
dilutions from 10-1 to 10-6 and	 then	 amplified	 by	 the	
polymerase chain reaction.

 Japanese encephalitis virus (JEV) infected mouse 
brain, measles virus infected tissue culture supernatant 
and normal mouse brain was subjected to RT-PCR to 
check	the	specificity	of	the	primers.

Results

 The age group of the clinically suspected rabies 
patients was in the range of 4 to 60 yr including both 
children and adults. Of the 15 rabies patients, six 
belonged to less than 15 yr age group. All had a history 
of dog bite in the preceding 1-6 months. Ten of them 
died within 4 to 10 days of hospital admission while 
five	left	the	hospital	against	medical	advice.

 The clinical presentation, duration of illness and 
course of illness in the 10 patients were consistent 
with features of human rabies. Hydrophobia, the most 
characteristic and widely known feature of the disease, 
was present in 100 per cent of patients followed by 
parasthesias (80%), agitation and confusion (60%).

 None of the samples taken ante-mortem, i.e., skin 
tissues,	corneal/conjunctival	smears	were	found	to	be	
positive for rabies viral antigen by DIF test. None of 
the CSF and serum samples and one of the 10 saliva 
samples collected was positive by RT-PCR. In six of the 
10 post-mortem brain tissues of the clinically suspected 
patients, both RT-PCR and MIT were positive. Five of 
these six post-mortem brain tissues were positive by 
DIF test and four by Seller stain (Table I).

 RT-PCR was consistently positive both in muzzle 
skin and brain tissue when examined day 5 onwards, 
whereas	DIF	showed	marginal	fluorescence	on	day	7	
and became convincingly positive from day 9 onwards 
(Table II). Negri body detection by Seller stain became 
positive on day 9 post-inoculation. Rabies viral RNA 
could be detected as early as 3rd day of infection by RT-
PCR (Figs 1, 2) followed by rabies viral RNA antigen 
by DIF on day 5 whereas symptoms developed on  
day 7.

Discussion

 Rabies is a major public health problem in India. 
In a National multicentric rabies survey carried out by 
the Association of Prevention and Control of Rabies 
in India (APCRI) in collaboration with the WHO, the 
projected	figure	of	deaths	due	 to	 rabies	per	year	was	
20,56515.

	 In	the	present	study,	the	direct	immunofluorescence	
test of all the corneal smears and nuchal skin biopsies 
failed to demonstrate rabies viral antigen. The corneal 
smear used for viral antigen detection by IF has been 
extensively studied and shown to be poorly sensitive, 
besides being a cumbersome technique and having the 
danger of leaving an abraded cornea16,17. In various 
studies the sensitivity of skin biopsy positivity by 
DIF has varied between 25-50 per cent depending on 
several variables like the site of biopsy, number of 
sections examined and the amount of viral antigen18,19. 

Table I. Comparison of Seller, DIF, MIT and RT-PCR in 
antemortem and postmortem samples in clinically suspected 
rabies cases
Sr 
no.

Antemortem 
diagnosis

Postmortem diagnosis

DIF RT-PCR Seller DIF MIT RT-PCR
1 - + (saliva) + + + +
2 - - + + + +
3 - - - + + +
4 - - + + + +
5 - - + + + +
6 - - - - + +
7 - - - - - -
8 - - - - - -
9 - - - - - -
10 - - - - - -

DIF,	Direct	immunofluorescence;	MIT,	mouse	inoculation	test;	
RT-PCR, reverse transcriptase-polymerase chain reaction
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Fig. 1. Detection of viral RNA by RT-PCR on different days post-
inoculation	of	fixed	rabies	virus	and	patients’	samples	in	newborn	
mice brain.

523 bp →

Fig. 2. Detection of viral RNA by RT-PCR in mouse muzzle skin 
on different days post-inoculation of postmortem human brain 
sample in newborn mice.

523 bp →

Table II. Results of inoculation of clinical isolate by Seller stain, DIF test and RT-PCR in mice brain and skin on different post- 
inoculation days
Day post-
inoculation

Seller stain
(Brain)

DIF RT-PCR

Skin Brain Skin Brain

5 Negative Plenty of hair follicles,  
no	fluorescence	seen

No	fluorescent	Negri	body	 
like structure seen

+ +

7 Negative Plenty of hair follicles,
Majority negative except 
3-4 follicles with marginal 
fluorescence

One	fluorescent	Negri	body	 
like structure seen (1-2+) 

+ +

9 Occasional 
magenta 
coloured Negri 
bodies seen

Plenty of hair follicles, 3-4 
showing perifollicular  
punctuate staining

5-7	fluorescent	bodies	per	 
field	(1-2+)

+ +

11 Magenta coloured 
Negri bodies seen

Section with less hair  
follicles, many with perifollicular 
punctuate staining

Numerous	(15-20)	fluorescent	
bodies	per	field

+ +

13 Magenta coloured 
Negri bodies seen

Plenty of hair follicles,  
majority showing  
perifollicular	fluorescence

Numerous (8-10) brilliant  
apple	green	fluorescent	bodies	per	
field	seen

+ +

It is necessary to sample the proper areas of the skin 
to include the maximum number of hair follicles 
and at a level of the epidermis which has the highest 
concentration	of	perifollicular	nerve	fibres.	Crepin	and	
colleagues9 reported that in routine laboratory testing, 
examination of a minimum number of 20 sections 
was needed to ensure the observations of several hair 
follicles.

 In the present study 100 per cent sensitivity and 
specificity	of	RT-PCR	were	observed	as	compared	to	
83.3 per cent of DIF and 66.7 per cent of sellers stain, 
for diagnosis of rabies in post-mortem brain samples. 
The sensitivity of the Seller stain in the present study 
was in agreement with the sensitivity of 50-85 per cent 
reported by other workers4,20. It has been suggested 
that the development of these cytoplasmic inclusions 
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depends on the length of survival after the onset of 
symptoms and cases with a fulminant course with 
shorter survival are unlikely to show these. Histology 
alone,	therefore,	does	not	confirm	the	diagnosis	in	all	
cases.

	 The	 direct	 immunofluorescence	 test	 could	 detect	
rabies viral antigen in 83.3 per cent cases of rabies 
positive patients proven by virus isolation method 
MIT.	Our	findings	were	 in	 agreement	with	 the	 study	
conducted by the California Department of Health in 
which a sensitivity of 99.4 per cent has been reported in 
363 brains examined7. We have earlier detected rabies-
specific	 antigen	 in	 80.7	 per	 cent	 cases21. In addition 
to the false negative results in the beginning phase 
of	the	illness,	the	efficiency	of	the	DIF	depends	upon	
technical competency and expertise22,23. In MIT proven 
95 rabid dog brains and three human brains, RT-PCR 
results were reported as 100 per cent concordant with 
MIT results8.

 Besides the higher sensitivity, RT-PCR also 
showed the potentiality to detect rabies viral infection 
earlier as compared to DIF and Seller staining. It is to 
be emphasized that though both DIF and RT-PCR were 
positive in mice infected with rabies virus positive 
sample from day 7 onwards, the degree of positivity 
(i.e.,	 the	 number	 of	 fluorescing	 antigen	 particles	 in	
brain tissue) was minimal by DIF, which could easily 
be missed, unless carefully looked for. The situation 
was similar with negri bodies by Seller stain on 9th day 
post-inoculation, whereas the results of RT-PCR were 
consistent from day 7 onwards.

 The kinetics of rabies virus shedding in saliva is 
not	well-defined.	The	present	study	observed	RT-PCR	
positivity in only 10 per cent of the saliva samples as 
has been reported earlier in 30 per cent saliva samples9. 
A study has demonstrated a sensitivity of 100 per cent 
using a heminested RT-PCR to diagnose rabies from 
multiple saliva samples24. Therefore, the diagnosis 
of rabies can be made ante-mortem by RT-PCR. The 
negativity of PCR in CSF and serum samples could 
be due to inadequate amount of virus in sample or 
insufficient	 sample	 amount.	 Kamolvarin	 et al8 also 
quoted a similar poor sensitivity of 9 per cent. The low 
titres and the late appearance of virus in the CSF could 
to be the most likely cause for the negativity as the 
sampling was done only once. 

 In conclusion, our results demonstrated the 
potential of RT-PCR for the detection of rabies RNA in 
brain and saliva of infected humans. 
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