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Rabies is a neurological disease, but the rabies virus spread to several organs outside 
the central nervous system (CNS). The rabies virus antigen or RNA has been identi�ied from 
the salivary glands, the lungs, the kidneys, the heart and the liver. This work aimed to iden-
tify the presence of the rabies virus in non-neuronal organs from naturally-infected vam-
pire bats and to study the rabies virus in the salivary glands of healthy vampire bats. Out 
of the �ive bats that were positive for rabies in the CNS, by �luorescent antibody test (FAT), 
viral isolation in N2A cells and reverse transcription – polymerase chain reaction (RT-PCR), 
100% (5/5) were positive for rabies in samples of the tongue and the heart, 80% (4/5) in 
the kidneys, 40% (2/5) in samples of the salivary glands and the lungs, and 20% (1/5) in 
the liver by RT-PCR test. All the nine bats that were negative for rabies in the CNS, by FAT, vi-
ral isolation and RT-PCR were negative for rabies in the salivary glands by RT-PCR test. Pos-
sible consequences for rabies epidemiology and pathogenesis are discussed in this work.

INDEX TERMS: Lyssavirus, Desmodus rotundus, non-neuronal organs, rabies.

RESUMO.- [Detecção de núcleoproteína-RNA do vírus 
rábico em diversos órgãos fora do sistema nervoso 
central de morcegos hematófagos infectados natural-
mente.] A raiva é uma doença neurológica, mas o vírus 
da raiva se dispersa para diversos órgãos fora do sistema 
nervoso central (SNC). Antígeno ou RNA do vírus da raiva 

já foram detectados em vários órgãos, tais como glândula 
salivar, pulmão, rim, coração e �ígado. O presente traba-
lho teve como objetivo identi�icar a presença do vírus da 
raiva em órgãos     não neuronais de morcegos hematófagos 
infectados naturalmente, e pesquisar a presença do ví-
rus na glândula salivar de morcegos hematófagos sadios. 
Dos cinco morcegos positivos para a raiva no SNC pelas 
técnicas de imuno�luorescência direta e isolamento viral 
em células N2A, 100% (5/5) foram positivos para a raiva 
nas amostras de língua e coração, 80% (4/5) no rim,   40% 
(2/5) nas amostras de glândula salivar e pulmão, e 20% 
(4/5) no �ígado pe  la técnica de RT-PCR. Todos os nove 
morcegos negativos no SNC, pela imuno�luorescência e 
isolamento viral, foram negativos na glândula salivar pela 
RT-PCR. Possíveis consequências para a epidemiologia e 
patogênese da raiva são discutidas.

TERMOS DE INDEXAÇÃO: Lyssavirus, Desmodus rotundus, órgãos 

não neuronais, raiva.
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INTRODUCTION
The rabies virus (Rhabdoviridae family and Lyssavirus ge-
nus) is known as a highly neurotropic and lethal pathogen 
of mammals. The rabies virus glycoprotein binds most 
effectively to cells of neuronal origin, re�lecting the neuro-
tropism of the rabies virus (Superti et al. 1984); neverthe-
less, the rabies virus has been isolated from several tissues 
from both experimentally- and naturally-infected animals 
(Charlton et al. 1984, Alves et al. 2003).

Brie�ly, the pathogenesis of rabies is the following: the 
virus gets into the body by the bite of a rabid animal, rea-
ching the striated muscle and the connective tissue. In the 
muscle cells there occurs a viral ampli�ication before the 
virus gets into the peripheral nerves. The neuronal infec-
tion and the centripetal, passive movement of the viral ri-
bonucleocapsid complex in the axons deliver the virus to 
the central nervous system (CNS), usually via the spinal 
cord. The virus then spreads in the CNS, and the clinical 
signs appear. Next the virus moves centrifugally from the 
CNS through peripheral nerves to a number of organs: the 
adrenal cortex, the pancreas, the liver, the lungs, the heart 
and, most importantly, the salivary glands, the excretion 
site of the virus. Finally, the clinical picture culminates with 
depression, coma and death (Lyles & Rupprecht 2007). The 
rabies virus can also get into the body by the mucosal route 
(Ramsden & Johnston 1975, Orciari et al. 2001).

Historically speaking, in Brazil dogs have been the ma-
jor transmitter of rabies to humans. However, in 2004 and 
2005, 64 human deaths by rabies transmitted by hemato-
phagous bats were reported (SVS 2008). On the other hand, 
approximately 3,200 cases of rabies in herbivores are re-
ported annually in Brazil (MAPA 2007), but it is believed 
that the number of infected herbivores is ten times higher.

Given the importance of the vampire bat (Desmodus ro-
tundus) in the transmission of rabies to humans and animals 
in Brazil, it is necessary to carry out further investigations on 
the interaction of rabies virus and vampire bats. The rabies 
virus infection in the CNS has been widely studied in several 
animal models; however, the role of the infection of other or-
gans outside the CNS is poorly understood.

This work aimed to identify the presence of rabies vi-
rus in non-neuronal organs/tissues from naturally-infected 
vampire bats that were positive for rabies in the CNS, and 
to diagnose the rabies virus in the salivary glands of vampi-
re bats negative for rabies in the CNS.

MATERIALS AND METHODS
Animals. Fourteen vampire bats (Desmodus rotundus) were 

captured during July of 2006, in the town of Quissamã, Rio de Ja-
neiro State, Brazil (geographical position: S 22° 05’ 15.7’’, W 041° 
41’ 20.2’’). The D. rotundus bats were captured with mist nets pla-
ced in front of a diurnal shelter. These bats were identi�ied with 
number from 1 to 14, used along this article. Bat no. 5 died during 
capture, the other bats were kept in captivity for two months. All 
bats were kept in the same cage. Bats were fed 20ml of de�ibrina-
ted blood taken from healthy cattle daily.

In two months nearly all bats were sick and died, except for 
bats nº 12, 13 and 14. Bats no.3 and 4 showed incoordination 

and inability to �ly. Apparently no increased aggressiveness was 
observed in these bats; however, an intense vocalization was no-
ticed. The other bats that died (nº 1, 2, 5, 6, 7, 8, 9, 10 and 11) sho-
wed only prostration before death. The surviving Chiropterans 
(bats nº 12, 13 and 14) were euthanized by inhalation of ether, 
and all bats were taken to Instituto Pasteur in São Paulo under 
refrigeration.

This work complies with Protocol nº 74 issued by the Ethics 
Committee of the Universidade Estadual do Norte Fluminense 
Darcy Ribeiro.

Fluorescent antibody test (FAT) and viral isolation in N2A 
Cells. The whole encephalon of the bats were sampled and stored 
at -20°C until an analysis was performed. Two techniques were 
used in the screening of the rabies virus: FAT, described by Dean 
et al. (1996) and viral isolation in murine neuroblastoma cell 
(N2A), described by Webster and Casey (1996).

Reverse transcription-polymerase chain reaction (RT-
-PCR) and DNA sequencing. Total RNA was extracted from tis-
sue samples with TRIzol® reagent (InvitrogenTM) according    to 
manufacturer’s instructions. Reference strain (Challenge Virus 
Standard - CVS) and ultra-pure water were used as positive and 
negative controls respectively.

The brain, the salivary glands, tongue, heart, lungs, liver and 
kidneys from rabies-positive vampire bats were sampled and sub-
mitted to RT-PCR. The brain and the sa  livary glands from rabies-
-negative vamp  ire bats, diagnosed by FAT and viral isolation, were 
also sampled and submitted to RT-PCR.

RT-PCR was performed as described by Orciari et al. (2001), 
with minor changes. To diagnose rabies a pair of primers 
504/304 was used. In the sequencing of the nucleoprotein gene, 
a pair of primers 21G/304 was used. The primers are as follows: 
sense-504 primer (5’-TATACTCGAATCATGATGAATGGAGGTC-
GACT-3’), position 1286-1317 of viral genome; antisense-304 
primer (5’-TTGACGAAGATCTTGCTCAT-3’), position 1514-1533; 
and sense-21G primer (5’-ATGTAACACCTCTACAATG-3’), position 
55-73 of viral genome.

The PCR products were sequencing as previously described 
(Carnieli Jr. et al., 2006). Sequencing reaction has been achieved 
with BigDye® Terminator v3.1 Cycle Sequencing Kit (Applyed Bio-
systemsTM) and then puri�ied with SephadexTM G-50 (GE Health-
care), at last the sequences were then resolved on an ABI PRISM® 
3100 Genetic Analyzer (Applied BiosystemsTM).

RESULTS
Out of the total of fourteen brains analyzed, �ive (35.7%) 
were positive to rabies by FAT, viral isolation in N2A cell 
and RT-PCR. Table 1 shows the results of RT-PCR to rabies 
virus investigation in non-neuronal organs of these �ive 
positive bats. In short, rabies virus was detected in 100% 
(5/5) of the tongue and heart, 80% (4/5) of kidneys, 40% 
(2/5) of the salivary glands and lungs, and 20% (1/5) of 
liver.

The nine samples of the brain and the salivary glands 
from rabies-negative bats (bats nº 6 to 14), by FAT and 
virus isolation in N2A cell, were tested by RT-PCR and all 
samples were negative.

The �ive nucleotide sequences of nucleoprotein genes 
were identical. These sequences were submitted to BLASTn 
(www.ncbi.nlm.nih.gov/BLAST) and showed a high identi-
ty with nucleoprotein gene sequences of rabies virus from 
Desmodus rotundus. 
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DISCUSSION
The rabies virus is neurotropic, but it spreads to several 
organs other than the CNS. The most common form of the 
pathogenesis of rabies virus is, brie�ly, as follows: the virus 
enters the body by infected saliva in the muscular tissue. 
From the muscular tissue the virus goes to the peripheral 
nerves by neuromuscular junctions. Then, the rabies virus 
spreads within axons by retrograde axonal transport and 
infects the CNS. After the infection of CNS the virus spread 
to several organs, including the salivary glands. When the 
salivary glands are infected, the rabies virus goes to the sa-
liva and the saliva carries the virus that can infect other ani-
mals (Jackson 2006). However, previous reports regarding 
the pattern of rabies virus distribution within body organs 
and pathologic features of peripheral organs during infec-
tion are limited (Hsu et al. 2005).

The viral RNA is detected in high concentration in hear-
th samples of vampire bats naturally infected (Carneiro et 
al. 2010). Despite the heart is often infected by the virus, it 
does not seem to be important for the spread of the virus, 
since the infection is con�ined to nerve �ibers, but does not 
reach the cardiac muscle cells in foxes (Debbie & Trimarchi 
1970) and humans (Jogai et al. 2002). 

In the early studies on rabies in bats Constantine et al. 
(1962) reported that terrestrial animals were infected with 
the rabies virus by the non-bite route when placed in bat-
-inhabiting caves. In the same cave that Constantine carried 
out his experiment, Winkler (1968) isolated the rabies vi-
rus from samples of air.

The airborne transmission could occur by the shedding 
of virus by the respiratory or urinary system. The kidneys, 
found positive to rabies virus in 4 out of 5 CNS-positive bats 
in the present study, could be a release door to the rabies 
virus.

Debbie & Trimarchi (1970) showed the presence of ra-
bies virus within tubular cells of the kidneys. The same au-
thors reported that mice inoculated with urine from a rabid 
fox died of rabies.

It is thus possible that the urine forms aerosols that in-
fect the bats and other animals inhabiting caves. Johnson et 
al. (2006) and Davis et al. (2007) reported that mice died of 
rabies as a result of aerosol exposure and intranasal inocu-
lation. Bats did not succumb to rabies. On the other hand, 
an increased level of antibodies against rabies virus was 
found in bats after aerosol exposure (Davis et al. 2007).

Another physiological system that could shed the rabies 
virus is the respiratory system. In the present work rabies 

virus nucleoprotein RNAs in lungs of two bats have been 
detected.  However, the lungs apparently do not play a role 
in the excretion of virus because the virus infects mainly 
the nervous �iber in the lungs, but not the lung epithelium 
(Bourhy et al. 1992). On the other hand, the rabies virus 
can be excreted in nasal secretion, as it was isolated in 
the nasal epithelium of bats (Constantine et al. 1973) and 
skunks (Charlton et al. 1984). 

Among the �ive bats positive for rabies included in this 
study, only two had the rabies virus found in the salivary 
glands. As the saliva is the release site of the virus, it was 
expected to �ind the rabies virus in the salivary glands of 
all or almost all positive bats. This could vary, however, due 
to different times of virus progression from the CNS to the 
salivary glands and different incubation periods (Aguilar-
-Setien et al. 2005). In this study four out of the �ive positive 
bats died naturally, which brought the viral spread to an 
end.

All bats that were positive for rabies in the CNS, in the 
present work, were also positive for rabies in the tongue. 
Interestingly enough, in humans the rabies antigen is found 
more often in the tongue than in the salivary glands. It is 
possible that the virus reached the saliva through the ton-
gue, since the rabies virus infects serous glandular cells and 
covers epithelial cells including taste cells (Li et al. 1995). 
On the other hand, Scheffer et al. (2007) reported that in vi-
rus investigation in the different tissues and organs of bats, 
the brain and salivary glands were, respectively, the most 
suitable sites for virus isolation. Carneiro et al. (2010) re-
ported high rabies virus RNA concentration in tongue, ho-
wever they analyzed tongue together with salivary gland, 
therefore cannot be compared their results with data from 
this work in tongue and salivary gland case. 

It is reported the presence of classical and rabies-rela-
ted virus in organs outside the CNS, either by the presence 
of viral genetic material or viral isolation in N2a cells and 
mouse inoculation (Echevarría et al. 2001, Jogai et al. 2002, 
Brookes et al. 2007, Scheffer et al. 2007). The organs whe-
re the rabies virus spread differ among the viral variants 
(Germano et al. 1988). So it is possible that the viral sam-
ples from the present work had a preference to infect the 
tongue instead of the salivary gland. 

According to classical studies on the pathogenesis of ra-
bies virus, the virus spreads in the centripetal direction, i.e., 
it �irst infects the brain and then the various organs of the 
body (Jackson 2006). However, Echevarría et al. (2001) and 
Aguilar-Setien et al. (2005) detected, respectively, rabies-
-related and classical-rabies virus in the saliva of bats that 
did not show viral infection in the brain.

The bats in the experiment by Aguilar-Setien et al. 
(2005) that survived inoculation were kept living for two 
years. During this time, the virus could be recovered in the 
saliva of these bats only once - between the �irst and third 
week after inoculation.

The results from the present investigation did not show 
rabies virus in the salivary glands from healthy bats. This 
may suggest that, for these viral samples, either the sali-
vary glands are always infected after brain infection or the 

Table 1. Resu lts of RT-PCR to rabies virus nucleoprotein 
gene from several organs of vampire bats, positive to rabies 

in CNS by FAT and viral isolation in N2A cells

Bat Salivary gland Tongue Heart Lung Kidney Liver

1 + + + - + -

2 - + + + + +

3 - + + + - -

4 + + + - + -

5 - + + - + -
+ Positive ampli�ication, - Negative ampli�ication.
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time the virus was present in the salivary glands did not 
match the time of the diagnosis.

A more comprehensive knowledge about the non-
-neuronal infection by rabies virus is critical not only for 
studies of the disease’s pathogenesis, but also to diagnose 
it. The detection of the rabies virus in non-neuronal sites 
may serve as a useful tool in the ante-mortem diagnosis 
(Jogai et al. 2002). Tests are performed on samples of sa-
liva, serum, spinal �luid, and skin biopsies of hair follicles 
from the nape of the bat’s neck. Saliva can be tested by 
virus isolation or RT-PCR (Madhusudana & Sukumaran 
2008). 

The preliminary results presented in this work show 
that the transmission of rabies via saliva of D. rotundus mi-
ght not correlate directly to rabies pathogenesis in the sa-
livary glands. It is possible that the tongue is the major site 
of virus shedding. Continued studies of viral titers and an-
tigen distribution might bring further insights on the major 
site of virus shedding in D. rotundus and the importance of 
other minor sites of virus excretion.
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