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ABSTRAK 

 

Penelitian ini bertujuan untuk membuktikan penanda molekuler virus rabies Bali masih tetap conserve dan 

untuk pengembangan metode diagnosa rabies berbasis penanda molekuler. Tiga puluh sampel otak anjing 

yang terinfeksi  rabies pada tahun 2014 dan 2015 digunakan pada penelitian. Sekuen nukleotida yang yang 

didapatkan dari penelitin dan yang diakses di GenBank dianalisis dengan program MEGA 5.2. Hasil 

analisis membuktikan bahwa asam amino spesifik Isoleusin pada posisi 308 (open reading frame) sebagai 

penanda molekuler virus rabies Bali masih conserve. Gen N yang diamplifikasi dengan teknik  RT-PCR 

yang menggunakan primer spesifik menunjukkan bahwa masing-masing isolate virus rabies memiliki pita 

khas , dapat  membedakan isolat Bali dengan isolat lain di Indonesia. 

 

Kata kunci: Bali, rabies, penanda molekuler, diagnosa, RT-PCR. 

 

ABSTRACT 

 

The objectives of this study were to prove that the molecular marker of Bali’s rabies virus is still conserve 

and to develop a diagnostic method based on molecular marker. Thirty brain samples of dog that had been 

infected by a rabies virus from 2014 and 2015 were used for this research. The sequences of nucleotide 

which were obtained and the sequences of nucleotide accessed in GenBank were analyzed using  MEGA 

5.2 software. The result provided that the specific amino acid (isoleusin) at position 308 (open reading 

frame) as a molecular marker of Bali’s rabies virus was still conserve. Fragment of N gene amplified by 

Reverse RT-PCR method with a specifically designed primers showed that every isolate of rabies virus had 

it’s own typical band, and could distinguish Bali isolate from the others in Indonesia.  

 

Keywords: Bali, rabies, molecular marker, diagnose, RT-PCR 

 

 

INTRODUCTION 

 

Based on the Decree of the Minister of 

Agriculture No. 4026/Kpts /OT.140/3/2013, 

rabies is grouped into Strategic Animal 

Diseases (PHMS) and given priority in the 

prevention, control and eradication. Cases of 

rabies in Bali confirmed in the laboratory first 

time in November 2008. The disease raises 

serious public health problem in all 

districts/municipalities in the Province of 

Bali. Efforts to control and eradicate rabies 

have been implemented over five years 

through a mass vaccination program in Bali, 

but until now the cases of rabies in animals 

(especially dogs) still occur. Outbreaks of 

rabies occurred in Bali is very likely due to 

the inclusion of rabies infected animals.  

Rabies is a fatal zoonotic disease that is 

caused by the rabies virus. As a member of 

the RNA virus, rabies virus is often 

characterized by excessive genetic variation 

by mutation during replication. This 

occurrence is due to the absence of a 

mechanism for proofreading and error 

correction after replication by RNA 

polymerase enzyme. The most common 

mutation occurred in rabies virus is a 

mutation of a single nucleotide in the genome 

of a virus called point mutations. The 

occurrence of point mutations often happen 

naturally (Ratam, 2005). Point mutations can 
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be synonymous or non-synonymous 

substitutions. In synonymous nucleotide 

substitution, nucleotide change is not 

followed by changing in the amino acids of 

the protein expressed. According to Nagarajan 

et al. (2006) changing to a new specific amino 

acids that occurred from non-synonymous 

substitutions in a gene of rabies virus can 

produce a new molecular marker. Dibia et al. 

(2014), stated that the rabies virus of Bali 

isolates has a molecular marker composed of 

amino acid isoleucine at position 308 (open 

reading frame). That molecular markers can 

be used as markers to investigate the dynamic 

and distribution of rabies virus 

epidemiologically. Therefore, the molecular 

characterization of the rabies virus isolates 

that keep in nature needs to be done. This 

research aimed to prove that the Bali rabies 

virus is still conserve throughout the years 

using a specific molecular marker.  

 

MATERIALS AND METHODS 

 

Thirty samples of brains of animals were 

used in this study. The samples were collected 

from dogs infected by rabies in 2014 and 

2015 from several areas in Bali. For the 

comparation, the research also used each one 

brain of dog from Sumatra, Java, Kalimantan, 

Sulawesi and Flores that  detected positive for 

rabies.  

 

Flourescent Antibody Test (FAT) 

Flourescent Antibody Test was done by 

making smears and fixed with acetone at 

20°C for 30 minutes. After drying at room 

temperature, preparations were imbued with 

anti-rabies nucleocapsid conjugate. Incubation 

was done inside the incubator at 37 ° C for 30 

minutes. Then, preparations were washed 

with a solution of PBS pH 7.2 for 3 times and 

followed by adding aqueous mounting media 

and closed with a cover slip. Furthermore, the 

examination was conducted under a 

fluorescent microscope and neuron cells 

infected with the rabies virus will be marked 

by a fluorescent green color (OIE, 2008; 

Trimarchi and Nadin-Davis, 2007; Direktorat 

Kesehatan Hewan, 2009). 

RNA Isolation Rabies 

Brains of animals that positive for the 

rabies virus based on FAT, were made into 

20% suspension in PBS pH 7.4 and 

inactivated by SDS (450 mL of 20% brain 

suspension was added 50 mL of 10% SDS). 

RNA isolation was done by using 

Trizol®reagent (Invitrogen), according to the 

manufacturer's instructions. A total of 250 mL 

and 750 mL suspension brain Trizol 

incorporated into 1.5 ml eppendorf tube. 

Vorteks mixture for one minute. After 

incubation at room temperature (20-25 ° C) 

for 5 minutes, to the mixture was added 

chloroform 200 mL, then vortex 15 seconds 

and incubated at room temperature for 15 

minutes. Next, the tube was centrifuged at a 

speed of 12,000 RCF for 15 minutes. Aquaeus 

part was taken and put into a sterile 1.5 ml 

eppendorf tube. It was added to 500 mL of 

isopropyl alcohol and mixed until 

homogeneous. The mixture was incubated for 

10 min at room temperature. Furthermore 

eppendorf tube which already contains the 

mixture was centrifuged at 12,000 RCF for 10 

min, the supernatant was discarded, and added 

alcohol 70% 1000 mL. After vortex and 

centrifuged at 7500 RCF for 5 min, the 

supernatant was discarded, while the sediment 

was dried at a temperature of 55°C  in 

incubator and resuspended in ultrapure 

aquabidest (Otsu-WI, Otsuka). Subsequently, 

the RNA of the rabies virus was sequenced at  

Genetika Science, Jakarta. 

 

Sequence Data Analysis 

Data were analyzed using molecular-

based MEGA 5.2 to determine the stability of 

specific amino acids as molecular markers of 

the Bali rabies virus. The nucleotide sequence 

obtained by this research was confirmed by 

the program of  Basic Local Alignment 

Search Tool (BLAST) (http://blast.ncbi. 

nlm.nih.gov/Blast.cgi) (Kumar et al., 2004) to 

identify the typical sequence of nucleoprotein 

gene fragment (N) of rabies virus. The 

sequence of nucleotides obtained in this study 

was then lined with other nucleotide 

sequences of the rabies virus in Indonesia and 

in various countries that were accessed from 

http://blast/
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the GenBank (http://www.ncbi.nlm.nih.gov/ 

genomes) using ClustalW alignment. 

GenBank access number of the rabies virus 

nucleotide sequences that were analyzed was 

displayed in analysis results. Determination of 

the presence of rabies virus genetic variation 

was based on the sequences of genes that 

encoding the nucleoprotein (N) and analyzed 

using MEGA 5.2 program (Tamura et al., 

2007). 

 

Development of RT-PCR Method 

Thirty samples of brains of dogs that 

positive for rabies by DFAT were amplified 

using RT-PCR with a general and specific 

primers. On the reverse transcription (RT), 

complementary DNA (cDNA) ofthe rabies 

virus genome was synthesized using NF36 

(C/T) (forward primer) (5'-TCAGGTGGTC 

TCYTTGAAGCC-3') position 36-56 

nucleotides and NR1251 (reverse primer) (5'-

TTAGTCGACCTCCGTTCA-3') positions 

1232-1251 nucleotides. The primers is belong 

to a general primer. Then, the primer pair 

NF898 (S) (forward primer) (5'-

TACTCATCTAATGCAGTTGGTCACA-3 ') 

positions 898-922 nucleotides and NR1349 

(reverse primer) (5'-CGAGTCACTAGAA 

TACGTCTTGTT-3') position 1326-1349 

nucleotides, are a primary partner that 

specifically flank 451 base pairs. 

 

RESULTS AND DISCUSSION 

 

Results 

Detection of rabies virus antigen using 

methods DFAT has been carried out on 30 

samples of brains of dogs that were diagnosed 

rabies from various regions in Bali and the 

samples from Sumatra, Kalimantan, Sulawesi, 

Java, and Flores showed rabies positive. A 

specific aggregate (nucleocapsid protein) can 

be detected by luminescence apple green or 

greenish yellow with a dark background 

(Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

Molecular Marker Analysis  

The amino acid sequences of the Bali 

rabies virus nucleoprortein had a typical 

amino acid at position 308. This typical amino 

acid was isoleucine, which was different from 

others, the valin amino acid (Figure 2). The 

amino acid sequences of the Bali rabies virus 

nucleoprortein were obtained from the 

translation of  nucleotide sequences using 

MEGA software and the other sequences got 

from on line searching using the program of 

Basic Local Alignment Search Tool (BLAST) 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi) 

(Kumar et al., 2004), and aligned by the 

program of ClustalW.  

 

Development of RT-PCR  

Thirty samples of brains of dogs that 

were positive for rabies by DFAT 

successfully amplified using RT-PCR with 

the general and specific primers. The general 

primer produced the 1251 bp of band length 

(Figure 3), while the specific primer yielded 

451 bp of band length (Figure 4). 

 

http://www.ncbi.nlm.nih.gov/%20genomes
http://www.ncbi.nlm.nih.gov/%20genomes
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Discussion 

Detection of Rabies Virus Using FAT 

According to Dean et al. (1996); 

Trimarchi and Nadin-Davis (2007) test results 

using the FAT has been in accordance with 

the standard requirements. The FAT is one of 

the test to detect rabies antigen in the 

network, with a sensitivity of 98-100% of 

cases of rabies (McColl and Lunt., 2003; 

Tepsumethanon et al., 2004; OIE, 2008). The 

sensitivity of the test which is owned by FAT 

makes this test becomes a recommendation of 

World Health Organization as a standard test 

for rabies diagnose (OIE, 2008; 

Wacharapluesadee et al., 2008).  

However, the sensitivity of the FAT test 

is influenced also by the quality of the 

samples, conjugate, equipment and 

capabilities of diagnostic tools (McElhinney 

et al., 2008). The test results which are 

efficient, fast and accurate are essential for the 

management of  rabies carrier animal bitten 

patients (Akoso, 2007). But according to 

David et al. (2002), this technique has the 

disadvantage of not being able to detect viral 

antigens in brain specimens that had rotted. 

Besides, the FAT is unable to distinguish the 

specific strains of rabies virus. Therefore, RT-

PCR can be used as a complementary 

diagnostic tool for the FAT testing, mainly for 

animal brain samples taken after 8 hours of 

death. 

 

Stability of Molecular Markers of Bali 

Rabies Virus 

Results of the analysis of amino acid 

sequences derived from the nucleoprotein 

gene showed that molecular markers of Bali 

rabies virus isolates is still conserve. Dibia et 

al. (2014) reported that Bali rabies virus has a 

substitution of non synonym unique amino 

acid isoleucine at position 308 (Open Reading 

Frame), while all of the rabies virus in 

Indonesia and in other countries in the world 

as well as some of the vaccine strains have 

amino acid valin in the same position (Figure 

2). 

Among the genes that are owned by the 

rabies virus, nucleoprotein gene is a gene that 

is highly conserve with 99% homology (Ito et 

al., 2001). Previous researchers, Konznetzoff 

et al. (1998) identified that the N gene regions 

that most conserve locate at amino acid 

position 298-352. 

Mutational events that occur in viral 

isolates of rabies in Bali has shown its 

character as a member of RNA viruses (Dibia 

et al., 2014b). While, Murphy et al. (2007) 
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stated that RNA viruses are characterized by a 

high rate of mutation during replication in the 

absence of proofreading and repair 

mechanisms mistake after replication by RNA 

polymerase enzyme. This study confirms that 

the the nucleoprotein of Bali rabies virus has a 

typical amino acid, isoleucine,  at position 

308, , which is not owned by the isolates of 

rabies in Indonesia and a few countries in the 

world. In addition, specific amino acids 

(isoleucine) is the part that most conserve in 

the N  genes of rabies virus, so it can be said 

that the isoleucine at position 308 (open 

reading frame) of the nucleoprotein gene is a 

molecular marker for Bali rabies virus and it 

can be used as epidemiological markers to 

investigate the dynamics and distribution of 

the virus. 

 

Development of RT-PCR  

The results of RT-PCR indicate that the 

primers used are specific and stick to the 

expected position. In addition, the primer that 

is specifically designed in this study is able to 

detect both the N gene of rabies virus in 

animals of some infected areas in Bali. These 

results also indicate that the RT-PCR that 

developed have a high agreement with FAT 

method, and is able to distinguish the rabies 

virus of Bali isolates with rabies virus isolated 

from outside Bali, so this test can be used as a 

reliable confirmatory diagnostic tool.  

The results support a similar study 

conducted by Benedictis et al., (2011) which 

revealed the superiority of RT-PCR. 

Furthermore, Benedictis et al. (2011) reported 

that one-step RT-PCR showed relatively high 

specificity of 98.94% (CI: 97.55 to 99.65), the 

sensitivity of 99.71% (CI: 98.40 to 99.99) and 

accuracy 98.90% compared with the values 

obtained by DFAT used as the standard 

method of diagnose of rabies. Moreover, 

Benedictis et al., 2011 stated that the 

agreement  between the test method of one 

step RT-PCR and the standard method of 

FAT has an almost perfect agreement with 

Cohen's Kappa coefficient of  0.977. In 

addition, the advantage of using RT-PCR is 

that the method  is still able to detect viral 

antigens in brain specimens that had rotted 

which was not detected using FAT (David et 

al., 2002). 

 

CONCLUSION 

 

1. Molecular markers of Bali rabies virus at 

position 308 (open reading frame) 

remained stable. 

2. The method of RT-PCR using specific 

primers of Bali rabies virus strain is able 

to distinguish between the Bali and non 

Bali rabies virus.  
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