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INTRODUCTION

Dog is the most common animal infected
with rabies. Suspected rabid dogs are usually
killed and brains are examined for the virus.
Alternatively, the dogs are placed under ob-
servation for 10 days. However, making a re-
liable diagnosis of rabies based on clinical pre-
sentation can be difficult to distinguish from
encephalitic conditions cause by other viral
infections (Niezgoda et al, 2002). A biting dog,
particularly in a rabies enzootic region, should
be killed whenever possible and tested by
using f luorescent ant ibody techniques
(Trimarchi and Smith, 2002). This is difficult in
Buddhist countries which abhor killing of ani-
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Abstract. The use of a 10-day observation to determine whether a dog is rabid is standard
practice. This study was conducted in order to look for evidence of rabies vius in saliva and
cerebrospinal fluid (CSF) of suspected live rabid dogs at the time of quarantine by using a
SYBR Green real-time RT-PCR based assay for the detection of rabies virus RNA. Saliva and
CSF of dogs were collected once on the day of admission for the 10-day quarantine. All test
dogs were or became ill and died of rabies within the observation period. Thirteen of 15 dogs
(87%) had saliva samples that were positive for rabies RNA. Two dogs with furious rabies had
negative saliva samples. Positive CSF samples were found in 4 of 15 dogs (27%) whose saliva
samples were positive. The time from sample collection to result was less than 5 hours. Be-
cause virus may be absent or present at very low level in both clinical fluids, samples taken for
ante-mortem diagnosis cannot definitively rule out rabies.

mals and prefer having them caged and ob-
served for clinical signs. Laboratory examina-
tion in combination with a 10-day observation
can be used to derive more precise ante-
mortem diagnosis of dog rabies. There is no
ideal ante-mortem diagnostic test for rabies
but saliva and cerebrospinal fluid (CSF) evalu-
ation may provide a valuable tool for this ap-
proach. However, no reports have been pub-
lished demonstrating the value of intravitam
laboratory diagnosis of rabies in dogs. This
study was aimed to determine whether rabies
virus was present in saliva or CSF of biting
dogs at the time of quarantine in comparison
to brain after death, and to determine the ad-
equacy of using real-time PCR with SYBR
Green I for detecting rabies virus in both clini-
cal fluids.

MATERIALS AND METHODS

Clinical specimens

Fifteen dogs suspected of being rabid
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admitted to Queen Saovabha Memorial Insti-
tute, Bangkok, Thailand were kept in individual
cages and observed daily. Specimens of sa-
liva and CSF were collected from each dog
once on the day of admission. Cisternal punc-
ture to obtain CSF was done under deep bar-
biturate anesthesia. Saliva was collected with
sponge-tipped applicators and stored as de-
scribed previously (Kasempimolporn et al,
2000). All dogs were ill or showed unusual
behavior and finally died within a 10-day-ob-
servation period. Clinical signs were observed
and recorded by veterinary specialists. Clini-
cal features of dog rabies can be classified as
furious and dumb. Furious form is a clinical
presentation that consists predominantly of
profound agitation and aggression. With the
dumb form, aggression may be completely
lacking, but paralysis may be paramount. Ra-
bies virus was demonstrated by the fluores-
cent antibody test (FAT) (Dean et al, 1996) of
brain tissue from all of dogs.

Real-time RT-PCR with SYBR Green I dye

Total RNA was extracted from saliva or
CSF specimens using TRIzol® (GIBCO-BRL,
Gaithersburg, Md, USA). RT-PCR of 2 µg of
extracted RNA was performed in a one-step
process using AccessQuick® kit (Promega,
Madison, WI, USA). Amplifications were car-
ried out on a thermocycler (MWG-Biotech,
Germany), using a denaturation temperature
of 94ºC, an annealing temperature of 60ºC,
and an extension temperature of 72ºC. Sub-
sequently, the amplified product was sub-
jected to a second-round PCR using the SYBR
Green I protocols. The assay was performed
with LightCycler DNA Master SYBR Green I
kit (Roche Molecular Biochemicals, France),
according to the manufacturer’s instructions.
Five µl of the first-round PCR product were
added to 15 µl of master mix. The thermal
cycling conditions used were as follows: 95ºC
for 0 second, 55ºC for 10 seconds and 72ºC
for 13 seconds. A total of 45 cycles were per-
formed and ending with a melting curve analy-

sis for product identification at 95ºC for 0 sec-
ond, 65ºC for 10 seconds and 95ºC for 0 sec-
ond. All acquired fluorescence data were ana-
lyzed using LightCycler software. In this study,
two sets of primers were used to amplify 524
bp (5´-GACATGTCCGGAAGACTGG-3´, at po-
sition 319-337, and 5´-GTATTGCCTCTCTA
GCG GTG-3´, at position 823-842) and 123 bp
(5´-GTAACACCTCTACAATGGATGC-3´, at po-
sition 57-78, and 5´-TCAAATCTTTGATGGCA
GGGTA-3´, at position 158-179) fragments of
rabies virus nucleoprotein gene, for the first-
and second-round PCR, respectively. To test
sensitivity, serial dilutions of known RNA
amounts from fixed CVS rabies virus were sub-
jected in parallel to PCR examination.

RESULTS

Specimens of saliva and CSF were ex-
amined for the presence of rabies virus RNA
by real-time RT-PCR using SYBR Green I dye
as a monitor of specific amplicons. A typical
nucleic acid amplification plot and melting
curve analysis is shown in Fig 1. The tall sharp
peaks indicate the melting temperature of the
rabies virus PCR fragment amplified from posi-
tive saliva or CSF samples. The short peaks
obtained were non-specific products and due
to primer-dimer formation. To confirm the
amplicon size, the PCR products were visual-
ized by gel electrophoresis. A 123 bp of the
rabies virus nucleoprotein gene was observed
(data not shown).

Of the 15 proven rabid dogs, eleven (73%)
had furious and four (27%) had dumb rabies.
Thirteen of them (87%) had saliva samples that
were positive for rabies RNA. The remaining
two dogs with furious form had no rabies RNA
detectable in saliva. Positive CSF samples
identified in only 4 of 15 test dogs (27%) whose
saliva samples were also positive. Rabies was
confirmed in the brain tissue of all 15 dogs by
post-mortem examination using FAT (Table 1).
The genome detection limit was approximately
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Dog no. Clinical type Saliva CSF Brain at death

1 Dumb + + +
2 Furious + - +
3 Furious + - +
4 Furious - - +
5 Furious + - +
6 Furious + - +
7 Dumb + + +
8 Furious + - +
9 Furious - - +
10 Dumb + + +
11 Furious + - +
12 Furious + - +
13 Furious + - +
14 Dumb + + +
15 Furious + - +

Sensitivity 13/15 (87%) 4/15 (27%) 15/15 (100%)

Fig 1–Melting curve analysis of rabies virus PCR frag-
ment and primer-dimers. The melting tem-
perature (Tm) for the rabies virus PCR frag-
ment is 79.8ºC, and the Tm for the primer-
dimers is less than 75ºC. Each curve repre-
sents samples tested positive for rabies virus
with various quantities.

Table 1
Results of rabies virus detection in saliva and CSF from living rabies suspected dogs.

5 pg when using fixed CVS rabies virus as the
source of the starting RNA template (data not
shown).

DISCUSSION

The most important factor in transmission
of the disease is the presence of virus in sa-
liva. Rabies virus may be excreted in the sa-
liva of dog before clinical signs appear and
may lead to infection of an unexpecting and
untreated bite victim. The particular time of
salivary virus excretion before sickness is cru-
cial. Typically, rabid dogs shed virus concomi-
tant with illness or a few days before (Fekadu
et al, 1982). In naturally infected dogs the rate
at which virus is present in the salivary glands
ranges from 75-100% (Fekadu and Shaddock,
1984). The clinical presentation of dog rabies
often is generalized as being either furious or
dumb. Approximately 70% of infected dogs
had the furious type and 30% the dumb form
(Tepsumethanon et al, 2004). A suspected dog
should be euthanized and the brain examined
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for rabies virus. The most difficult decisions
arise when the offending dog cannot be sac-
rificed promptly because religious scruples
against killing prevail. Alternatively, a dog can
be quarantined and observed for a 10-day
period or until a definitive diagnosis can be
obtained. If the dog remains entirely well for
10 days, it can be assumed that the dog did
not have rabies in its saliva at the time of the
bite (Mann, 1985).

Recently developed laboratory tech-
niques permit the diagnosis of rabies in ani-
mals in which rabies virus is suspected as the
cause of clinical illness. Ante-mortem diagno-
sis looks for evidence of the virus in saliva and
CSF. The sensitivity of all techniques may vary
according to the stage of clinical illness and
the intermittent nature of virus shedding
(Niezgoda et al, 2002). In live animal cases
the speed of diagnosis is of paramount im-
portance. A rapid diagnosis could save time
and improve the safety of veterinary staff. A
purported ante-mortem latex agglutination test
for rabies virus antigen has been developed
for evaluation of dog saliva (Kasempimolporn
et al, 2000). The technique gives good results
and is comparatively simpler to perform than
the standard FAT which needs brain tissue. A
confirming method applicable in a living sus-
pected dog would, nevertheless, be desirable.
More sensitive molecular techniques such as
conventional- and real-time PCR assays have
produced satisfactory results for detection of
rabies virus RNA from brain tissue and saliva
(Tordo et al, 1995, Black et al, 2002; Nagaraj
et al, 2006). For real-time PCR, the simplest
and most economical format is the one em-
ploying double-strand DNA-specific SYBR
Green dye. The use of real-time SYBR Green
PCR methodology offers several potential ad-
vantages over conventional PCR assays,
namely more rapid results, no time-consum-
ing post-PCR analyses. In addition, when
standards of known amounts are used, quan-
titative results can be obtained.

In this study, approximately two-thirds of
15 dogs with clinical signs of rabies had the
furious form and the remaining dogs devel-
oped dumb rabies. We could not demonstrate
the virus in saliva of two test dogs with furi-
ous type. This could be explained by the fact
that the load of infective virus in saliva is lower
than that in brain and salivary glands. The in-
termittent nature of virus shedding in the sa-
liva of an infected dog might also be one of
the possible explanations. There may well have
been that all dog saliva samples in this study
that would have been positive if tested more
than once. Therefore, the testing of serial sa-
liva samples taken at different time intervals is
necessary. We found that rabid dogs, on rare
occasions, have virus in the salivary glands
and brain at death but yet have no virus ex-
creted in the saliva during life (unpublished
data). This may explain why not every rabid
dog bite results in clinical rabies. The fact that
rabies virus could only be found in 4 of 15 ra-
bid dog CSF samples is surprising since ra-
bies is an encephalitis. Our findings confirm
the previous reports that found virus infre-
quently in human CSF of rabies patients
(Crepin et al, 1998; Wacharapluesadee and
Hemachudha, 2001).

The SYBR Green real-time PCR assay
has potential for the qualitative detection of
rabies virus in saliva and CSF of suspected
live rabid dogs. In this study, it would seem
that saliva appears to be a better source of
rabies virus than CSF in the ante-mortem di-
agnosis. The collection of saliva is much easier
than CSF. However, nested PCR is required
in all cases to compensate for the often ex-
tremely limited amount of RNA in ante-mortem
samples (Kasempimolporn et al, 2007). The
sensitivity of the real-time PCR assay was
comparable to those achieved using conven-
tional technique (data not shown). The time
from sample collection to result was less than
5 hours. We conclude that a rapid and sensi-
tive test for rabies virus that can be performed
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on a living rabies suspected dog can allow im-
mediate diagnosis. It can help the veterinar-
ian to decide whether prompt sacrificing of the
dog is indicated. Moreover, it can support a
decision to institute immediate post-exposure
treatment of exposed humans. A negative test,
on the other hand, does not exclude rabies.
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