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ABSTRACT. Rabies is a fatal zoonotic disease that poses a significant public health concern in Malaysia, 
particularly during outbreaks in domestic dog populations. While the detection of rabies virus in brain tissue 
is well established, data on viral presence in the salivary glands of suspected rabid dogs in Malaysia remain 
limited. This study aimed to investigate the presence of rabies virus in the salivary glands of dogs confirmed 
positive for rabies by brain tissue analysis during the Sarawak outbreak from 2017 to 2018.  A total of 39 
salivary gland samples from dogs confirmed brain-rabies-positive by the Fluorescent Antibody Test (FAT) in 
a previous study were analyzed for viral detection using the Rapid Tissue Culture Infection Test (RTCIT). Out 
of 39 samples, 17 (43.59%) were positive for rabies virus by RTCIT, while 22 (56.41%) were negative. All RTCIT-
positive samples were subjected to further confirmation by nested Reverse Transcription Polymerase Chain 
Reaction (RT-PCR), resulting in 16 positive and one negative sample. These findings demonstrate that rabies 
virus can be detected in salivary glands of suspected rabid dogs, highlighting the role of these tissues in viral 
shedding and transmission. To the best of our knowledge, this represents the first documented detection of 
rabies virus in the salivary glands of suspected rabid dogs in Malaysia. These results underscore the importance 
of including salivary gland analysis in rabies surveillance and diagnostic protocols to enhance understanding 
of disease transmission dynamics.
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INTRODUCTION

Rabies is a highly contagious viral disease that 
affects the central nervous system of mammals, 
including humans (Moges, 2015; Otolorin et al., 
2015). The virus primarily replicates in muscle 
tissue at the site of infection before entering 
peripheral nerves and traveling to the central 
nervous system (Hemachudha et al., 2013). 
Following central nervous system infection, the 
virus disseminates to several organs including 
the salivary glands, which is crucial for viral 
transmission (Mahadevan et al., 2016).

The prior study conducted by Jimenez et 
al. (2018) demonstrated the successful isolation 
of rabies virus from salivary glands tissues of 
confirmed rabid carnivores, including striped 
skunks and various wild and domestic carnivores, 

during the period of 2013 to 2015 in northern 
Colorado. Another study has indicated that 
rabies virus can be detected in salivary glands 
even before the onset of clinical symptoms, 
making these tissues particularly important 
for early diagnosis and understanding disease 
progression (Fisher et al., 2018). In another study, 
Hoary foxes (Pseudoalopex vetulus) were found 
to exhibit rabies-positive salivary glands when 
analyzed using Fluorescent Antibody Test (FAT) 
and Mouse Inoculation Test (MIT) (Silva et al., 
2009). Additionally, recent findings conducted 
by Guo et al. (2024) revealed that viral loads 
in salivary glands can reach significant levels 
during the preclinical phase, highlighting  
their importance in viral shedding and 
transmission.
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   In Malaysia, rabies has a history of sporadic 
outbreaks dating back to 1924, with major 
incidents occurring in 1945 (Ganesan et al., 
1993), often linked to canine movement (Lim, 
1998). Through extensive control programs, 
the country successfully eradicated the disease, 
being declared officially rabies-free by 1999 
(Ganesan et al., 1993; Lim, 1998). However, 
this status was lost in 2015 with a significant 
re-emergence involving canine cases in the 
northern Peninsular Malaysia states of Perlis, 
Kedah and Penang (Navanithakumar et al., 2019; 
WAHIS Interface, 2015). A more sustained and 
severe outbreak began in East Malaysia, Sarawak 
in July 2017, which continues to report both 
animal and human cases (Wada et al., 2024). 
Between 2017 and 2020, Sarawak recorded over 
3,000 positive animal samples, predominantly in 
dogs (Sim et al., 2021). 

Despite this critical re-emergence and 
the global understanding of salivary glands  
as the key site of viral shedding for transmission, 
robust data regarding viral isolation from  
the salivary glands of suspected rabid animals  
in Malaysia remains a crucial and unaddressed gap 
in epidemiological surveillance. Understanding 
the presence of infectious virus in these tissues 
is vital for both diagnostic confirmation and 
epidemiological studies related to transmission 
risk. Therefore, this study aimed to investigate 
the presence of rabies virus in salivary glands 
samples collected from suspected rabid dogs 
during the Sarawak outbreak. Viral detection 
was performed using the RTCIT to confirm the 
presence of infectious virus, with subsequent 
molecular confirmation of positive results 
conducted via nested RT-PCR analysis. 

MATERIALS AND METHOD

Samples processing

Veterinary Research Institute received 39 
samples of salivary gland and brain of suspected 

rabid dogs during Sarawak Rabies Outbreak 
2017-2018. All the samples were from suspected 
infected areas in Kuching (26 samples), Serian 
(10 samples), and Samarahan (3 samples). The 
brain samples were analyzed and found to be all 
positive during the previous study conducted by 
Naim et al. (2022). Specifically, the brain tissues 
were confirmed positive for rabies antigen using 
the Fluorescent Antibody Test (FAT) and RTCIT. 
In contrast, this study will focus exclusively on 
testing samples from salivary glands. The RTCIT, 
a rapid virus isolation method, was employed for 
the salivary glands as it is the direct indicator of 
infectious viral shedding and thus transmission 
potential, which is the primary focus of salivary 
glands analysis.

The methods for sample preparation and 
RTCIT were based on standard rabies diagnostic 
techniques described by Rupprecht et al. (2018). 
Briefly, the salivary glands were ground in a 
mortar and pestle. The tissues were suspended in 
Viral Transport media (VTM) containing 5% fetal 
bovine serum, 200 IU/mL penicillin, 200 µg/mL 
streptomycin, 0.50 µg/mL amphotericin B, 200 
µg/mL kanamycin sulphate (all obtained from 
Gibco, USA), and 7.5% of sodium bicarbonate. 
The mixture was centrifuged at 3000 rpm for 
10 minutes at 4°C. The resulting supernatant 
was collected as the tissue culture infection 
inoculum. The samples were stored at -80°C 
until further study.

Rapid Tissue Culture Infection Test (RTCIT)

The RTCIT was conducted using four-well Lab-
Tek tissue culture chamber slides (Nalgene 
Nunc International, Lab-Tek® II). Each well 
of chamber slides was seeded with 5x105 
viable BHK-21 (ATCCⓇ) cells per milliliter.  
A 1:10 diluted salivary gland suspension was 
introduced into the wells and incubated  
for 1 hour at 37°C with 5% CO2. Following 
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incubation, the suspension was aspirated and 
replaced with a fresh growth medium. The 
chamber slides were then incubated for 5 days 
at 37°C with 5% CO2. After the incubation period, 
the medium was removed, and the slides were 
air dried and fixed with 80% cold acetone for 30 
minutes. The FAT was subsequently performed, 
and the chamber slides were examined under 
20X and 40X magnification using a fluorescence 
microscope to identify the presence of apple 
green fluorescence foci indicative of rabies virus. 
The assays were repeated using supernatant 
from the first passage for a second passage and 
subsequently a third passage, to maximize the 
sensitivity of the assay.

Nested RT-PCR

Only rabies positive samples of salivary gland 
tested by RTCIT will be subjected to nested RT-
PCR. The samples were extracted for viral RNA 
using TRIzol® (Thermo Fisher Scientific, USA) 
according to the manufacturer’s instructions 
in accordance with WOAH standard procedure. 

The RT-PCR (Promega Corporation, Madison 
USA) amplification was performed using 4 
sets of primer (RVD007, RVD008, RVD009 and  
RVD010) followed by nested RT-PCR amplification 
using 4 sets of primer (RVD011, RVD012, RVD013 
and RVD017) as described by the Australian  
Animal Health Laboratory (AAHL) method  
QA/13-80-6 (Wang and Meehan, 2014). The 
amplicons of the secondary PCR were visualized 
by 1.5% gel electrophoresis.

RESULTS 

Out of 39 salivary gland samples tested by RTCIT, 
17 (43.59%) were positive, whereas 22 (56.41%) 
were negative. The results for both positive and 
negative samples remained consistent upon 
observation through the third passage, with no 
additional samples converting from negative 
to positive. All positive samples exhibited an 
apple green fluorescence while negative control 
showed blank background (Figure 1). 

Nested RT-PCR was performed on these 17 
RTCIT-positive samples, confirming 16 (94.1%) 

A.	 Positive RTCIT B.	 Positive control CVS-11 C.	 Negative control

Figure 1. Fluorescent microscopic results of RTCIT for rabies virus detection. The figure displays 
representative images of BHK-21 fixed and stained via the FAT. A) A positive RTCIT result from tissue 
culture inoculated with salivary gland homogenate of a suspected rabid dog, showing characteristic 
apple-green fluorescence (rabies virus antigen foci). B) Positive control using the standard CVS-11 
virus. C) Negative control (uninfected cells) showing a blank background.
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as positive, while one sample was negative by 
RT-PCR. The nested RT-PCR analysis of the RTCIT-
positive samples demonstrated amplification, 
with the primary RT-PCR yielded 606 bp product 
and the secondary PCR yielded a 498 bp product. 
No amplification band was observed in the 
negative control template (Figure 2).

DISCUSSION

To our knowledge, this is the first report 
demonstrating the detection of rabies virus in 
the salivary gland tissues of suspected rabid 
dogs in Malaysia. The study cohort consisted 
of 39 dogs whose brain tissues were previously 
confirmed as rabies positive using FAT test. The 
test is the gold-standard method for definitive 
diagnosis, ensuring a highly reliable positive 
status for the animals included in this study. 

Out of 39 of the salivary gland samples,  
17 (43.59%) were positive whereas 22 (56.41%) 
were negative by RTCIT. The finding that 43.59% 
of dogs confirmed brain positive for rabies also 
harbored infectious virus in their salivary gland 
is highly significant, as it directly quantifies the 
transmission risk via viral shedding during the 
Sarawak outbreak. The successful isolation of 
the virus in cell culture (RTCIT) confirms that 
the virus was present at biological relevant, 
high concentrations sufficient (high titer) for 

Figure 2. Agarose gel electrophoresis of nested RT-PCR products targeting the rabies virus 
nucleoprotein gene (498 bp). Lane M: 100 bp DNA ladder; Lanes 1–17: samples tested by RTCIT; 
Lane 4: RTCIT-positive but nested RT-PCR-negative; Lane +: positive control (CVS-11 strain); Lane− : 
negative control.

transmission. This high titer of virus detected 
by RTCIT provides the significant level of virus 
detection requested.

The detection of the rabies virus in the first 
passage indicates that the concentration of the 
virus was above the threshold, suggesting that 
a single passage is sufficient to detect infectious 
virus in salivary gland or brain. This aligns with 
the finding by Hostnik et al. (2014), who reported 
successful isolation of vaccine virus in the salivary 
gland of a red fox using a single passage virus 
isolation technique. Crucially, the positive and 
negative RTCIT results for all 39 samples remained 
consistent upon observation through the third 
passage. This confirms the robustness of the first 
passage results and supports the methodology 
chosen for rapid diagnostic implementation.

Although 39 samples of brain tissue were 
confirmed positive by FAT, rabies virus isolation 
by the RTCIT from the salivary glands was 
negative in 22 (56.41%) of these cases. The RTCIT 
repeated through up to three passages yielded 
no additional positive results, likely due to viral 
load below the detection threshold of the assay 
(Panning et al., 2010). Additionally, intermittent or 
absent viral shedding in saliva during the early or 
late stages of infection may explain the negative 
findings (Delpietro et al., 2001). The absence of 
infectious virus in salivary glands despite central 
nervous system infection aligns with evidence 
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that viral dissemination to peripheral tissue is not 
guaranteed in every infected individual (Jimenez 
et al., 2019; Fook et al., 2017). Given consistent 
negative RTCIT results, it is concluded that viral 
loads were minimal or absent in these salivary 
glands, mitigating the risk of transmission from 
these samples. This highlights the limitations 
of virus isolation assays compared to molecular 
diagnostic methods and the complexity of rabies 
virus shedding dynamics, which have important 
implications for diagnostic and epidemiology 
(Panning et al., 2010; Yang et al., 2012) 

All 17 samples that were positive by RTCIT 
were further analyzed using nested RT-PCR, 
with 16 of the samples were in concordance 
with RTCIT. The results indicated that rabies 
virus RNA can be detected using this technique, 
thus proving the test is sensitive and specific in 
demonstrating the presence of rabies disease 
from the infected specimens. However, it is 
noted that one sample was RTCIT positive but 
RT-PCR negative. This discrepancy may be due 
to the presence of inhibitors interfering with 
the amplification process (Cai et al., 2018) or 
conversely, a viral load below the detection 
threshold of the RT-PCR assay (Nadin-Davis et 
al., 2009). This RT-PCR detection threshold issue 
for the single discrepant sample is distinct from 
the 22 RTCIT-negative samples, which failed to 
show infectious virus replication entirely.

The demonstration of substantial quantities 
of viral antigen in suspected rabid dogs 
underscores the significant risks associated 
with handling suspected animals (Beauregard 
et al., 1969). Furthermore, Carey et al. (1983) 
reported that the rabies infected animals often 
exhibit high titer in salivary glands compared 
to their brain tissues. Transmission of rabies 
typically occurs through the introduction of 
the virus via the saliva of infected animals 
through bites, open wounds or unwrapped cuts 
or contact with mucous membranes (Langley, 

2009). Consequently, rabies prevention can be 
achieved by minimizing direct contact with rabid 
animals, their mucous membranes, and open 
wounds. Additionally, providing comprehensive 
training to wildlife workers, veterinarians, animal 
handlers and laboratory workers is essential, as 
preventive measures are more effective than 
post-exposure interventions (Bano et al., 2016). 

The laboratory plays a crucial role in rabies 
control by emphasizing the accuracy and speed 
of case confirmation. This study highlights the 
importance of the RTCIT method, which provides 
a high degree of sensitivity and specificity for 
confirming infectious virus. The fast and accurate 
confirmation of infectious virus in salivary glands 
reinforces the necessity of immediate public 
health intervention. 

CONCLUSION

In conclusion, this study confirmed the presence 
of infectious rabies antigen in the salivary gland 
of rabid dogs. This is the first documented 
detection of rabies virus in the salivary glands of 
suspected rabid dogs in Malaysia. The successful 
isolation of infectious virus via RTCIT of the brain-
positive dogs demonstrates that the virus was 
present at a known significant and transmissible 
level (high titer), underscoring the high risk of 
transmission. Additionally, it has revealed that 
suspected rabid dogs may serve as possible 
sources of exposure to incidents of the rabies 
outbreak in Sarawak. 

While the salivary gland samples tested 
negative by RTCIT, including one sample that was 
RTCIT-positive but RT-PCR negative, these results 
provide critical information on the limits of viral 
shedding and potential diagnostic discrepancies. 
The high proportion of RTCIT negative samples 
suggests that viral shedding in the salivary glands 
is not guaranteed even in confirmed rabid dogs, 
or may be below the assay’s detection limit.
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Further studies should include both RTCIT 
and RT-PCR testing on all salivary gland samples 
to better assess diagnostic accuracy. Expanding 
the sample size and including samples from other 
regions in Malaysia will strengthen the findings. 
Additionally, molecular characterization of 
detected rabies virus strains and investigation 
of quantitative viral loads at different stages 
of infection are recommended to precisely 
estimate the level of infectious virus in the 
salivary glands and improve understanding of 
rabies transmission and support more effective 
control strategies.
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