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ABSTRACT 
Rabies in Bali was firstly confirmed in November 2008. The origin of the rabies outbreak in 

Bali is currently unclear. The aim of this study was to derive the phylogenetic relationship 

between Bali’s rabies viruses and other street viruses in Indonesia as well as in the world. 

For a better analysis of the phylogenetic of Indonesian rabies viruses, it was used most 

current isolates. Eighteen brain samples collected from rabid animals (12 dogs, 2 cattle, 2 

goats, 1 cat, 1 swine) were obtained from parts of Indonesia (Bali, Sumatra, Kalimantan, 

Sulawesi, Java, and Flores islands) in 2008-2010. Viral RNAs were extracted with Trizol 

reagent. The RNAs were amplified using one-step reverse transcription and polymerase 

chain reaction (RT-PCR). Amplified products were sequenced and analyzed. Nucleotide 

sequences of nucleoprotein (N) gene fragments were aligned by using ClustalW program. 

The construction of phylogenetic tree was conducted by using Neighbour-Joining method 

and the genetic distance was performed by using Kimura’s Two-Parameter model in 

MEGA4 program. The results showed that Indonesian rabies virus isolates were confirmed 

as genotype 1 of lyssavirus and Bali’s rabies viruses were within an Indonesian cluster. The 

similarities in the nucleotide sequence of the N gene among all Bali’s isolates ranged from  

99.7 to 100%. It indicated that rabies virus entered Bali as a single introduction and it 

originated from one source of other endemic areas in Indonesia. Based on the nucleotide 

analysis of the N gene, the Bali’s rabies viruses were closely related to rabies isolates in 

Sulawesi, Kalimantan, and Flores islands with 98.5–98.6%, 98.2%, and 98.2% of the 

similarity, respectively. Meanwhile, Java and Sumatra islands were 97.3–97.5% and 97.2–

97.6% respectively. Results of phylogenetic analysis suggested that rabies viruses in 

Sulawesi might have been transferred to Bali due to transportation of dog by human 

activities. 
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ABSTRAK 
Kasus rabies di Bali pertama kali dilaporkan pada November 2008. Asal mula virus yang 

menyebabkan wabah rabies di Bali hingga saat ini masih misteri. Tujuan dari kajian ini 

adalah untuk mengetahui hubungan kekerabatan virus rabies Bali dengan virus rabies yang 

berasal dari beberapa daerah endemis di Indonesia. Untuk menghasilkan pohon filogenetik 

yang lebih akurat, maka digunakan isolat terkini (tahun 2008-2010). Delapan belas sampel 

otak hewan yang positif terinfeksi virus rabies dikumpulkan dari berbagai hewan (12 anjing, 

2 sapi, 2 kandang, 1 kucing dan 1 babi) yang berasal dari Bali, Sumatra, Kalimantan, 

Sulawesi, Jawa, dan Flores. Ribonucleic acid (RNA) virus diekstraksi menggunakan Trizol, 

selanjutnya di amplifikasi menggunakan one-step reverse transcription-polymerase chain 

reaction (RT-PCR). Produk RT-PCR disekuensing dan dianalisis. Sekuen nukleotida 
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fragmen gen penyandi nukleoprotein (N) disejajarkan dengan menggunakan program 

Clustal W. Pohon filogenetik dikonstruksi dengan mengaplikasikan Kimura-Two Parameter 

Model dalam MEGA 4. Hasil analisis menunjukkan bahwa virus rabies Indonesia 

membentuk satu klaster yang terkonfirmasi sebagai virus genotipe 1 dari Lyssavirus, dan 

virus rabies Bali berada dalam klaster Indonesia. Sekuen nukleotida gen penyandi 

nukleoprotein diantara virus rabies Bali memiliki kesamaan 99,7–100%. Hal ini 

mengindikasikan bahwa virus rabies yang masuk ke Bali dan menyebar di seluruh 

Kabupaten/Kota di Bali merupakan introduksi tunggal dan berasal dari salah satu daerah 

endemis rabies di Indonesia. Virus rabies Bali memiliki hubungan kekerabatan yang dekat 

dengan virus asal Sulawesi, Kalimantan dan Flores dengan kesamaan 98,5-98,6%, 98,2% 

dan 98,2%, sedangkan dengan isolat Jawa dan Sumatra memiliki kesamaan yang lebih 

rendah yakni secara berturut-turut 97,3-97,5% dan 97,2-97,6%. Hasil analisis filogenetik 

menunjukkan bahwa virus rabies di Sulawesi ditularkan ke Bali melalui transportasi hewan 

penular rabies (khususnya anjing) sebagai akibat dari adanya aktivitas manusia. 
 

Kata kunci : Filogenetik, nukleoprotein gen, rabies virus, Bali 

 

INTRODUCTION 
 

Rabies is a fatal neurotropic 
disease of mammals and humans, 
caused by rabies virus which 
belongs to the genus Lyssavirus of 
family Rhabdoviridae (Boldbaatar 
et al., 2010; Nguyen et al., 2011; 
Muleya et al., 2012). As a member 
of the Lyssavirus genus, rabies 
virus has non-segmented single-
stranded RNA (Sato et al., 2005; 
Benedictis et al., 2011) and has a 
negative-sense (Metlin et al., 
2007; Talbi et al., 2009). The viral 
genome contains five genes, 
approximately 12 kb in length 
(Wunner, 2007; Bourhy et al., 
2008) and encodes five proteins 
namely: nucleoprotein (N), 
phosphoprotein (P), matrix protein 
(M), glycoprotein (G), and RNA 
polymerase or large protein (L) (Ito 
et al., 2001; Sugiyama and Ito, 
2007; Wunner 2007; Yousaf et al., 
2012). 
 

Among the genes of rabies virus, 
the nucleotide sequence of N gene 

has been extensively studied as a 
tool to elucidate patterns of 
geographic distribution of rabies 
virus (Smith et al., 1992; Sugiyama 
and Ito, 2007; Susetya et al., 
2008). Even, all the dog related 
(DRRV) and vampire bat-related 
rabies viruses (VRRV) in Brazil 
were succesfully distinguished 
using reverse transcriptase-
polymerase chain reaction RT-
PCR with specific primer 
developed based on the 
sequences of nucleoprotein gene 
of rabies virus (Ito et al., 2003). 
Based on nucleoprotein gene 
sequence, phylogenetic 
relationships among rabies viruses 
could be examined and 
distinguished more easily and 
closely instead of using 
monoclonal antibodies or other 
conventional methods (Susetya et 
al., 2008). Grasping the 
phylogenetic relationship among 
rabies viruses is important to trace 
the dynamic of rabies infection. 

This  approach suggested that a 
historical recontruction of events 
leading to the introduction of 

rabies into an area would be 
possible (Smith et al., 1992). It 
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provides a better understanding 
for controlling of the disease. 
 

In Bali, rabies was confirmed for 
the first time in November 2008. 
The disease was distributed  in all 
districts of Bali province and was 
responsible for 145 humans death 
from 2008 to 2012. Rabies has 
emerged as a major public health 
problem in Bali (Susilawathi et al., 
2012). The most interesting one is 
that the origin of rabies virus that 
spreads in Bali is currently unclear 
However, it is hypothesized that 
rabies originates from endemic 
areas of Indonesia. This 
hypothesis was made based on 
the spread pattern of rabies all this 
time in Indonesia.  Rabies in 
Indonesia has a chain of 
spreading from an infected island 
to free islands. In this article we 
present the phylogenetic 
relationships of Bali’s rabies virus 
isolates based on the nucleotide 
sequences of the N gene in order 
to investigate the most plausible 
origin of the rabies virus that has 
spread in Bali.  
 

MATERIAL AND METHODS 
 
Sample collection  

Eighteen brain samples from 
different species animal were 
collected in Bali, Sumatra, Java, 
Kalimantan, Sulawesi, and Flores 
islands.  A total of seventeen brain 
samples from eleven dogs, two 

cattle, two goats, a cat and a 
swine was used for phylogenetic 
analysis (Table 1).  

Rabies antigen detection and 
virus inactivation  

The samples were diagnosed as 
RABV-positive by the direct 
fluorescent antibody test (dFAT) 
(Dean et al., 1996) carried out at 
the Animal Disease Investigation 
Center of Denpasar. dFAT-positive 
samples were made up as a 20% 
(wt/vol) suspension with 
phosphate-buffered saline (PBS) 
and inactivated with sodium 
dodecylsulphate (500 µl of 20 % 
brain suspension containing 50 µl 
of 10% SDS). The inactivated virus 
samples were used for RNA 
extraction.  

RNA extraction 

Total RNA was extracted from the 
brain tissue homogenates with 
TRIzol reagent (Invitrogen), 
according to the manufacturer’s 
instructions. Briefly, brain 
suspension (250 µL) was 
dissolved in TRIzol reagent (750 
µL) and extracted once with 
chloroform (200 µL). Viral RNA 
was precipitated with 100% 
isoprophyl alcohol (500 µL), 
washed with 70% ethanol (1,000 
µL) and made up to 20 µL in 
ultrapure aquabidest (Otsu-WI, 
Otsuka). The extracted RNA was 
used for RT-PCR with N gene-
spesific primers. 
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Table 1.  
Rabies field viruses from Indonesia used in this study 

Island Location Isolate no. Host Year 
GenBank 
access.no. 

Bali Badung BL 691-09 dog   2009 JX462628 

 
Tabanan BL 147-10 swine 2010 JX462631 

 
Buleleng BL 175-10 goat 2010 JX462632 

 
Badung BL 322-09 dog  2009 JX462627 

 
Badung BL 690-09 dog  2009 JX462629 

 
Tabanan BL 027-10 cat 2010 JX462630 

Sumatra Limapuluh kota SM 770-08 dog 2008 JX462640 

 
Limapuluh kota SM 020-09 cattle 2009 JX462641 

 
Sibolga SM 149-10 dog 2010 JX462642 

 
Nias SM 066-10 dog 2010 JX462643 

Java Sukabumi JA 001-08 dog 2008 JX462634 

 
Garut JA 002-09 dog 2009 JX462635 

 
Lebak JA 003-09 dog 2009 JX462636 

Kalimantan Tabalong KL 177-09 cattle 2009 JX462637 

 
Tabalong KL 268-09 goat 2009 JX462638 

Sulawesi Makassar SL 417-09 dog 2009 JX462633 

Flores Sikka FL 007-09 dog 2009 JX462639 

 

Primer design 

The specific primers for the RT-
PCR were designed based on 
nucleotide sequences data for the 
nucleoprotein (N) gene of rabies 
virus isolates in Indonesia that are 
available in GenBank using Primer 
3 software 
(http://biotool.umassmed.edu/bioa
pps/Primer3-www.cgi). The 
primers are primer FPRNP5 (5’- 
GCAAAAATGTAACAACYCTACA
ATG -3’) at positions (-) 22 to 57, 
and NR587 (5’- 
TTGGCACACATCTTGTGAGT -3’) 
at position 568 to 587.  

Reverse transcription and 
polymerase chain reaction (RT-
PCR) 
Reverse transcription and 
polymerase chain reaction (RT-

PCR) were performed 
simultaneously in a single-step 
reaction with the SuperScriptTM III 
One-Step RT-PCR System with a 
Platinum Taq DNA Polymerase Kit 
(Invitrogen, Carlsbad, CA, USA). 
One set of specific primers of the 
nucleoprotein gene of rabies virus 
was used at final concentrations of 
0.5 µM each. Twenty  µL of 
reaction mixture contained 10 µL 
2x reaction mix (a buffer 
containing 0.4 mM of each dNTP 
and  3.2 mM MgSO4), 2  µL 
template RNA, 1.2 µL of 10 
pmol/µL sense primer FPRNP5, 
1.2 µL of 10 pmol/µL anti-sense 
primer NR587, 0.5 µL SuperScript 
III RT/Platinum Taq Mix 
(containing SuperScriptTM III 
Reverse Transcriptase and 
Platinum Taq DNA Polymerase) 

http://biotool.umassmed.edu/bioapps/Primer3-www.cgi
http://biotool.umassmed.edu/bioapps/Primer3-www.cgi
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and 5.1 µL autoclaved distilled 
water. Conditions of the thermal 
cycler were as follows: cDNA 
synthesis at 50°C for 1 h, initial 
denaturation at 95°C for 45 s and 
followed by 40 cycles PCR 
amplification of denaturation at 
94°C for 45 s, annealing at 50°C 
for 45 s, and extension  at 72°C for 
1 min. The final steps were 
extension at 72°C for 5 min. 

Agarose gel electrophoresis  

The amplified DNA was visualized 
by electrophoresis of a PCR 
product on 1% Ultrapure TM 
agarose gel (Invitrogen) prepared 
in 1 x TAE. Gel was stained with 
5µL of 0.5µg/ml of ethidium 
bromide solution (Promega Corp., 
Madison, USA). In this stage, 3µL 
of an amplified product, 1 µL of 
loading buffer (Invitrogen) and 2 
µL of 100 bp DNA ladder 
(Invitrogen) were used.  After 
electrophoresis with running buffer 
1 x TAE (Invitrogen, Carlsbad, CA, 
USA) at 100 Volts for 30 mins, the 
amplified DNA bands were 
observed using a UV 
transiluminator and documented 
using a digital camera (Power Shot 
A 630, Canon). The expected 
amplification product was a 609-bp 
DNA fragment. 

Nucleotide sequencing  

The RT-PCR products were 
excised from the gel and purified 
using QIAquick Gel Extraction Kit 
(QIAGEN). The purified products 
(amplified cDNAs) were employed 
for direct sequencing with the N 
gene–specific primers FPRNP5, 
and NR587. A cycle sequencing 
reaction was carried out with a 
BigDye Terminator v3.1 Cycle 
Sequencing Kit (Applied 

Biosystems, USA). Sequencing 
products were obtained using the 
ABI PRISM 3100 Genetic Analyzer 
(Applied Biosystems, USA) at the 
EIJKMAN Institute, Jakarta. The 
sequencing results were analyzed 
and rabies virus was determined 
by BLAST analysis 
(http://www.ncbi.nlm.nih.gov/blast/
Blast.cgi) The N gene target 
sequence was 609 bp 
corresponding to the nucleotides 
at position (-) 22 to 587. All 
nucleotide sequences have been 
submitted to GenBank and 
assigned accession numbers (see 
Table 1). 

Phylogenetic analysis 

A nucleotide sequence (534 nt) of 
the N gene of the isolates from 
Bali and other regions of Indonesia 
were compared genetically with 
those of strains from other regions 
in the world available in the 
GenBank database 
(www.ncbi.nlm.nih.gov). Multiple 
sequence aligment were 
conducted using Clustal W 
(Thompson et al., 1994) with a 
MEGA format created using 
MEGA ver.4.0 program (Tamura et 
al., 2007). Phylogram was 
performed by the Neighbour-
Joining method (Saitou and Nei, 
1987). The robustness of 
phylogram was determined by 
bootstrap probabilities with 1,000 
replications (Felsenstein, 1985). 
Bootstrap values > 70% were 
considered significant (Baldauf, 
2003). The genetic distance 
values were determined based on 
Kimura 2 - parameter model from 
aligned sequences using 
MEGAver.4.0 program (Tamura el 
al., 2007).  
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RESULTS 
 

All of rabies virus N genes from 
the 18 rabid animal brain samples 
from the endemic area in 
Indonesia were amplified 
successfully by the RT-PCR 
method. A specific PCR product  
(609 bp) was shown in Figure 1. 
The fragment of nucleoprotein gen 
of rabies virus of eleven dogs, two 
cattle, two goats, one cat and one 
swine samples has been 
sequenced . The length of 
readable cDNA sequence of 17 
rabies viruses was 534 bp. The 
cDNA sequences obtained in this 
study have been submitted to 
GenBank with accession numbers 
(see Table 1). 
 

Nucleotide sequences (534 b) of 
the N genes (nt 1 – 534) of 17 
rabies isolates (Table 1) were 
determined and compared with  
those of 14 isolates from other 
countries or four vaccine strains as 
well as a Duvenhage virus as out 

group taxa (see Figure 2). 
Nucleotide sequences among 
isolates in Bali were 99.7 to 100%  
homologous. Rabies isolates in 
Bali showed 98.5 to 98.6%, 
98.2%, 98.2%, 97.2 to 97.6%, and 
97.3 to 97.5% nucleotide 
homologies to those in Sulawesi 
(SL417-09), Kalimantan (KL177-
09), Flores (FL007-09), Sumatra 
(SM149-10), and Java (JA001-08) 
respectively. They comparatively 
showed nucleotide similarities 
(96.5 to 96.6%, 91.8 to 91.9%, 
92.0 to 92.1%, 91.0 to 91.1%, 91.4 
to 91.5%, and 91.3 to 91.4%) to 
rabies from China (DQ666296), 
India (AF374721), Sri Lanka 
(AY138549), USA (AY170397), 
Afghanistan (GU992304) and the 
Pasteur vaccine strain (M13215), 
respectively. The nucleotide 
homologies dropped to 76,3-

76,5%, compared to Duvenhage 
virus (U22848), a genotype IV 
rabies related virus. 

 

 

Fig. 1. 

Positive detection of rabies nucleoprotein (609 bp) from animal brain 
samples following one-step RT-PCR. Lane M was 100-bp DNA Ladder. 
Lanes 1-18 were all positive brain samples. Lane (-) was a rabies-negative 
dog brain as negative control and lane (+) was a rabies-positive dog brain as 
a positive control. 
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 Badung-Bali/dog/2009/JX462627

 Tabanan-Bali/cat/2010/JX462630

 Badung-Bali/dog/2009/JX462629

 Tabanan-Bali/swine/2010/JX462631

 Badung-Bali/dog/2009/JX462628

 Buleleng-Bali/goat/2010/JX462632

 South Sulawesi/dog/2009/JX462633

 Kalimantan/goat/2009/JX462638

 Kalimantan/cattle/2009/JX462637

 Flores/dog/2009/JX462639

 West Java/dog/2009/JX462635

 Banten Java/dog/2009/JX462636

 West Java/dog/2008/JX462634

 Nias North Sumatera/dog/2010/JX462643

 Sibolga North Sumatera/dog/2010/JX462642

 West Sumatera/dog/2008/JX462640

 West Sumatera/cattle/2009/JX462641

 China/dog/2004/DQ666296

 China/dog/2004/DQ666302

 Sri Lanka/dog/1986/AY138549

 India/-/-/AF374721

 USA/bat/1999/AY170397

 Brazil/bat/1985/U22479

 Iran/sheep/-/DQ521212

 Afghanistan/dog/2004/GU992304

 Canada/fox/-/L20674

 Russia/fox/1988/U22656

 SAD-B19 (Vaccine str)/M31046

 Pasteur Virus (Vaccine str)/M13215

 Mexico/dog/1991/U22477

 HEP-Flury (Vaccine str)/AB085828

 Nishigahara (Vaccine str)/AB044824

 Namibia/jackal/1992/U22649

 Israel/fox/2004/DQ837487

 Poland/raccoon dog/1985/U22840

 Duvenhage(G4)/human/1986/U22848

99

100

96

94

100

46

26

99

28

22

85

72

51

77

70

100

99

98

100

99

97

99

99

53

88

60

63

64

100

36

0.05  

Fig. 2. 
A phylogenetic tree based on sequences of 534 nucleotides of N genes from 
rabies viruses. Nucleotide sequences of 17 Indonesian isolates were 
determined in this study used for this phylogenetic tree. The remaining 
sequences were obtained from the GenBank database. Duvenhage virus 
(genotype 4) was used as an outgroup. Phylogenetic tree was constructed 
by the neighbor-joining method using MEGA version 4.0. Bootstrap values 
expressed as percentage of 1000 replicates are shown at tree nodes. 
Horizontal lines indicate degree of nucleotide difference. 
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All rabies viruses detected in 
animals in Bali are closely related 
to each other with the genetic 
distance of 0.000 to 0.003. 
Genetic distance among viruses 
from Bali with some 
representatives from other islands 
in Indonesia shows that Bali’s 
rabies viruses have genetic 
distance of 0.014, 0.018, 0.018, 
0.024, and 0.026 with the rabies 
virus from Sulawesi (SL417-09), 
Kalimantan (KL177-09), Flores 
(FL007-09), Sumatra (SM149-10), 
and Java (JA001-08), respectively. 

Phylogenetic analysis based on 
the N gene sequences (534 b) of 
Indonesia isolates and street 
viruses from various parts of the 
world revealed that all rabies 
isolates in Indonesia form one 
cluster and Bali rabies isolates are 
within an Indonesia cluster (Figure 
2). Rabies isolates in Indonesia 
are more closely related (bootstrap 
value 99%) to isolates in China 
(DQ666296) than to isolates from 
India (AF374721) or Sri Lanka 
(AY138549).  

 

 Bali/dog/2009/JX462627

 Bali/cat/2010/JX462630

 Bali/dog/2009/JX462629

 Bali/swine/2010/JX462631

 Bali/goat/2010/JX462632

 Bali/dog/2009/JX462628

 Sulawesi/dog/2009/JX462633

 Kalimantan/cattle/2009/JX462637

 Flores/dog/2009/JX462639

 Kalimantan/goat/2009/JX462638

 Java/dog/2009/JX462635

 Java/dog/2009/JX462636

 Java/dog/2008/JX462634

 Sumatera/dog/2010/JX462643

 Sumatera/dog/2010/JX462642

 Sumatera/dog/2008/JX462640

 Sumatera/cattle/2009/JX462641

99

99

100

98

98

99

68

81

64

100

25

22

0.005  

Fig. 3. 
The phylogenetic analysis of the most current rabies virus isolates (in 2008 – 
2010) from various islands in Indonesia, based on a 534 nt sequence of the 
nucleoprotein gene. Phylogenetic tree was constructed by the neighbour-
joining method using MEGA version 4.0. A confidence level of 1000 
bootstrap replicates are showed as percentage and indicated confidence 
limits of >70%.  
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Fig. 4. 
Geographical distribution and proposed dynamics of rabies field isolates in 
Indonesia obtained from this study. The circles represent each lineage 
determined by phylogenetic analysis based on nucleotide sequences of N gen. 
 
The geographical distribution of 
the genetic lineages of current 
rabies viruses in Indonesia is 
shown in Figure 4. Four isolates of 
SM lineage were distributed 
restrictedly in Sumatra. Three 
isolates of JA lineage were 
present in Java. Ten isolates 
remaining lineages (KL, SL, FL 
and BL) were found in the eastern 
area of Indonesia. Isolates of KL, 
SL, FL, BL  lineage were 
distributed in Kalimantan, 
Sulawesi, Flores, and Bali islands, 
respectively. 

 
DISCUSSION 

 
Phylogenetic reconstruction can 
be used to support incidence data 
from the field in the assessment of 
rabies virus epidemiology. The 
information on the origin of rabies 
virus entering an area could be 
important for the success of rabies 
control and will be particularly 

invaluable in preventing such 
event in the future. 
 

To obtain a better analysis of the 
phylogenetic relationship among 
these isolates, we used the most 
current rabies viruses from various 
islands in Indonesia and it is 
essential to clarify the plausible 
origin of the ancestor of rabies in 
Bali. In this study, phylogenetic 
analysis of current Indonesian 
isolates (collected in 2008-2010) 
clearly supported (bootstrap value 
of 99%) the placement of all 
Indonesian rabies viruses in 
Lyssavirus genotype 1 (see Figure 
2), which is responsible for 
classical rabies in terrestrial 
mammals throughout the world 
(David et al., 2007). Bali’s rabies 
viruses were within an Indonesian 
cluster. The similarities in the 
nucleotide sequence of the N gene 
among all Bali’s isolates ranged 
from  99.7 to 100%. It indicated 
that rabies virus entered Bali as a 
single introduction and it was 
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originated from one source of 
other endemic areas in Indonesia. 
As shown in Figure 2, comparison 
with the representative of Pasteur 
vaccine strain (M13215) and SAD-
B19 vaccine strain (M31046) 
reveals that Bali’s rabies virus 
isolates are within a different 
cluster and have genetic distance 
0.086 to 0.087 and 0.082 to 0.083, 
respectively. It means that Bali’s 
rabies virus isolates did not 
associate closely with the vaccine 
virus strains. This result indicated 
that cases on rabies vaccinated 
dogs in Bali (JX462627, 
JX462628, and JX462629) were 
not due to vaccine virus, but street 
virus. Possibly, this condition takes 
place as vaccinated dogs are 
within incubation period or 
antibody owned by dogs were no 
longer protective anymore against 
street virus challenge. It’s quite 
possible that the dogs failed in 
responding toward given vaccine. 
Based on the nucleotide analysis 
of the N gene, the Bali’s rabies 
viruses were closely related to 
rabies isolates in Sulawesi, 
Kalimantan and Flores islands 
(bootstrap value of 81%, see 
Figure 3) with 98.5 to 98.6%, 
98.2%, and 98.2% of the similarity, 
respectively. Meanwhile, Java and 
Sumatra islands were 97.3 to 
97.5% and 97.2 to 97.6%, 
respectively. Phylogenetic analysis 
suggest that rabies viruses in 
Sulawesi might have been 
transferred to Bali due to human 
intervention.  
 

Pathway of introduction of rabies 
virus from an area is important in 
order to develop effective strategic 
plans to mitigate the burdens 
imposed by rabies. It is 
unavoidable that rabies outbreak 

occurred in Bali is due to animals 
entering Bali that have virus 
rabies. The most probably ones 
were dogs, as the first affected 
animals community were dogs. 
There are some possible pathways 
of infected dogs into Bali, namely: 
First, it is through airport, although 
it is ignorable. Everyone knows 
that someone who brings animals 
through airport takes expensive 
cost and very tight requisite. If 
possible, these dogs must be in 
healthy and rabies vaccinated 
condition. Second, it is through 
official harbour. Bali has official 
harbours supervised by animal 
quarantine staff such as 
Gilimanuk, Benoa, Padangbai and 
Celukan Bawang. Transportation 
of dogs, cats, and monkeys to Bali 
has long been banned in other to 
keep free from rabies status. 
However, illegal dogs, cats, 
monkeys transportation for 
commercial purpose occurred 
mostly from the entry point from 
Java island, namely Gilimanuk 
harbour. Genetically, circulating 
agent was not closely related to 
virus from Java, thus it can be 
neglected. Third, it is through non-
official harbour. Some traditional 
harbours in Bali are the entry 
points for any sailors from somes 
areas in Java, Sulawesi and 
Kalimantan, belong to infected 
islands. Those sailors come to Bali 
to bring materials and woods or 
fishermen sell their fish, since fish 
demand in Bali is so high. There is 
a custom for traditional fishermen, 
namely Bugis sailors (South 
Sulawesi) to bring dogs for safety 
and anticalamity, so they often 
bring dogs in their sailing (Idris, 
2010). Based on field observation 
in 2011-2012 (unpublished data), it 
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is clearly shown that dogs 
movement takes place in 
traditional sail by sailor from 
Sulawesi into Bali. It is certainly no 
animal quarantine staff in these 
harbours, that is why these sailors 
dogs can be brought into land, 
thus those dogs can be easy to 
interact to local dogs and make it 
possible for rabies spreading. 
There are many examples of 
rabies introduction and spread that 
have resulted from the human-
mediated movement of reservoir 
animals (Windiyaningsih et al., 
2004; Bourhy et al., 2005; Fevre et 
al., 2006). The same event of 
transporting rabies infected dog 
between islands in Indonesia 
happened from Sulawesi to Flores 
in 1997. The mode of introduction 
was determined that fishermen 
brought an infected dog from 
Sulawesi to East Flores 
(Windiyaningsih et al., 2004), 
which was confirmed by genetic 
analysis (Susetya et al., 2008).  
 

The paradigm of molecular 
epidemiology of rabies is the 
compartmentalization of the 
circulating virus by host species 
and geographical distribution 
(Mochizuki et al., 2011). Analysis 
phylogenetic in this study shows 
that all the isolates identified within 
Indonesia cluster were distributed 
according to their geographical 
origin, however, there was no 
pattern genetic relationship among 
Indonesian rabies virus isolates 
collected in 2008-2010 from 
domestic animals. This finding 
appropriates with the phylogenetic 
analysis of previous studies that 
the rabies virus variants were 
generally grouped according to 
their geographical origin 
(Crawford-Miksza et al., 1999; 

Bourhy et al., 2008; Susetya et al., 
2008). Thereby, isolates tend to 
make a cluster in the same 
geographical area (Ito et al., 
2001). Meanwhile, Romijn et al. 
(2003) reported that rabies virus 
clustered more closely together 
when isolated from the same host 
species. 
 

In Bali, rabies mainly affects dogs 
with spill-over infections in 
livestock and human, which 
implies that rabies is mainly 
transmitted from dog. In this study, 
we also showed direct evidence of 
Bali’s rabies outbreak by applying 
phylogenetic analysis that the 
strains present in other animals 
(cat, goat, and swine) are similar 
to those in dogs. This result 
indicated that rabies viruses in 
animals were genetically similar to 
each other. It revealed that pigs 
and goats had been bitten by a 
dog several weeks before showing 
any clinical signs. Therefore, the 
dog is the main reservoir or source 
of infection in livestock. Knobel et 
al., (2005) reported that domestic 
dogs (Canis lupus familiaris) are 
responsible for more than 99% of 
the human cases worldwide. The 
close association between dogs 
and human in Bali, supported with 
the high prevalence of rabies in 
dogs presents a serious public 
health concern, particularly in rural 
areas, due to lack of their rabies 
knowledge. 
 

These results emphasize that the 
government agencies must 
increase the preparedness, since 
in all probability of event will be 
happening in the future. Public 
awareness must be continuously 
maintained on neighbouring 
islands that have never 
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experienced the disease. We 
believe that these findings will be 
useful for the prevention of rabies 
spreading in the future in 
Indonesia, which is called as an 
archipelagic country. 
 
 

CONCLUSION 

Phylogenetic analysis using the 
nucleotide sequences of the N 
genes of current street rabies 
viruses (collected in 2008-2010) in 
Indonesia showed that Bali’s 
rabies viruses are within an 
Indonesian cluster and it forms a 
phylogroup with viruses from 
Kalimantan, Sulawesi and Flores 
islands. The Bali’s rabies outbreak 
was due to single introduction from 
Sulawesi by human intervention. 
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