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Abstract 

Rabies is a viral disease causing acute encephalitis in humans or animals. Rabies virus belongs to 
the genus Lyssavirus, family Rabdoviridea. The virus has a single, negative-stranded RNA genome 
encoding five structural proteins, including nucleoprotein (N), phosphoprotein (P), matrix protein (M), 
glycoprotein (G) and RNA dependent RNA polymerase gene (L). All of the provinces of Iran are infected 
with rabies. Although there is no cure for rabies, it is totally preventable by proper vaccination. Effective 
vaccine can be used for pre- and post-exposure prophylaxis. Glycoprotein has a main role in 
pathogenicity and immunogenicity thus variation in genetic sequence of this gene leads to variation in 
antigenic and pathogenic properties of rabies virus. Therefore, in this study, we analyzed the antigenic 
sites of the glycoprotein from rabies virus strains used in vaccine manufacture and compared their epitope 
sequences to wild type strain. We have used RT-PCR technique to determine the genetic sequence of 
these strains. Phylogenetic analysis showed that the wild type street virus isolate found in Iran were 
related to genotype 1 (classical rabies virus) and shared a high homology with the vaccine strains. 
Furthermore comparison of amino acid sequences of major and minor antigenic sites between the wild 
type and several vaccinal strains showed that the virus had a higher homology with the vaccinal strain PV 
that is used to manufacture vaccines in the country. 
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1. Introduction 

Rabies is a viral disease which affects central nervous system (CNS) and leads to acute fatal 

encephalitis in humans or animals. It is estimated that over 60 thousand deaths occur related to this 

disease worldwide annually with more than 95 percent of them occurring in Asia and Africa (Knobel et 

al. 2005). The rabies virus belongs to lyssavirus genus and Rhabdoviridae family. The virus genome is a 

single stranded RNA with negative sense which is 12 kb and is constructed of five structural proteins 

including Nucleoprotein (N), Phosphoprotein (P), Matrix protein (M), Glycoprotein (G) and RNA 

dependent RNA polymerase (L) (Coslett, Holloway, Obijeski, 1980). The major transmission of this 

disease is to be bitten by a rabid animal. Since there is no cure for this disease, vaccination is the only 

way to control it (Fogelman et al. 1993). All of the strains used in vaccine production belong to genotype 

1 of lyssaviruses, so they trigger immunity against all genotype 1 viruses (Lafon, Herzog, & Sureau, 

1986; Brookes et al. 2005). .   

 

2. Problem Statement 

Data history in Iran shows that all provinces are infected by rabies virus with higher prevalence in 

north, northwest, northeast, as well as Isfahan and Fars provinces (Simani et al. 2001). Nucleotide 

sequencing and valid genetic and phylogenetic studies employing RT-PCR method has concluded to 

determination of genetic group and separation of vaccinal strains in each genetic group (Johnson et al. 

2002).   

 

3. Research Questions 

N gene is highly conserved in rabies virus genome, so it seems convenient for valid phylogenetic 

studies. Analysis of Glycoprotein gene is important to describe antigenic diversity among rabies virus 

species (Kasempimolporn et al. 2004; Kuzmin et al. 2004). Glycoprotein is directly related to virus 

pathogenicity and has the main role in immunogenicity against virus (Cox, Dietzschold, & Schneider, 

1977; Morimoto, et al. 2001). Glycoprotein includes certain antigenic sites and epitopes with specific 

characteristics in immunity against rabies. Antigenic site Ι is related to an amino acid which is located in 

position 231, antigenic site ΙΙ is located between amino acids 34 to 42 and 198 to 200, antigenic site ΙΙΙ is 

between amino acids 330 to 338, epitope ΙV is at amino acid 264 location and antigenic site A is located 

between amino acids 342 to 343 (Lafon, Ideler, Wunner, 1984). – Benmansour et al. 1991.). The 

dominant antigenic site of glycoprotein is located between amino acid 222 to 232 (Johnson, Mansfield, & 

Fooks, 2002).   

 

4. Purpose of the Study 

The importance of this study is to understand the similarity between various wild types and 

vaccine rabies virus glycoprotein antigenic sites which would permit a more appropriate disease control 

and assessment of vaccine effectiveness. In this regard, the current study has compared viruses used in 

production of commercial vaccines with wild type strains.  
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5. Research Methods 

5.1. Virus strains 

Wild type: A brain sample which was obtained from a wolf in Khorasan Razavi in 2013 and was 

maintained as positive sample for rabies virus in archives of rabies reference department of Pasteur 

institute of Iran, was used as wild type strain in this study. 

Vaccinal strain: PV strain cultured on Vero cell was obtained from human rabies vaccine production unit 

at production complex of Pasteur institute of Iran, and also on BHK cell applied in rabies virus animal 

vaccine production in Pasteur institute of Iran were used as vaccine strains in this study. 

Fix laboratory strain: A CVS (challenge virus standard) strain was obtained by culturing on BHK cells 

and by injection in mouse brain which is used in rabies reference department of Pasteur institute of Iran, 

was employed as laboratory strain in the current study. 

 

5.2. RT-PCR (Reverse Transcriptase Polymerase Chain Reaction) 

In order to amplify the N and G genes of rabies virus, virus genome extraction was done using 

RNX RNA extraction kit (Cinnagen, Tehran, Iran) according to instructions of the manufacturer. Intended 

cDNA was constructed from the obtained RNA by reverse transcriptase enzyme (Fermentas, Latvia). 

PCR reaction was done on synthesized cDNA using specific primers and High Fidelity PCR Enzyme Mix 

(Thermo scientific, US) to amplifying of G and N genes and PCR products was electrophoresed on 1 

percent agarose gel. 

Four pairs of primers were designed for conserved regions of N and G genes of rabies virus which 

were flanking target regions of this study in different strains of the virus. Primer sequences, their 

applications and their target regions in reference nucleotide sequence are shown in Table 01. 

 
Table 01.  Primers used in this study are shown in this table. Nucleotide sequence, application and target 
region in reference nucleotide sequence for each primer is mentioned in the table. In primer name 
column, F and R stand for forward and reverse primers respectively. 
Primer name Nucleotide Sequence Application Reference 

Sequence 
F-N 5’- 

AGTCAATAATCAGGTGGTCTC -3’ 
Amplify Nucleoprotein 

gene of vaccinal and CVS strains 
JX276550 

R-N 5’- GAGTC 
CTCGAATATGTCTTG -3’ 

Amplify Nucleoprotein 
gene of vaccinal and CVS strains 

JX276550 

F-GP 
PV 

5’- ATGGTTCCTCAGGCTCTC 
-3’ 

Amplify Glycoprotein 
gene of vaccinal strains 

JX276550 

R-GP 
PV 

5’- TGATCTTCCCGCTTTGG -
3’ 

Amplify Glycoprotein 
gene of vaccinal strains 

JX276550 

F-GP 
CVS 

5’- 
TGGGTTTTTCGTTGTGTTTC -3’ 

Amplify Glycoprotein 
gene of CVS strain 

FJ979833
.1 

R-GP 
CVS 

5’- 
TCACCTCCACTCTTATATGATTCC -
3’ 

Amplify Glycoprotein 
gene of CVS strain 

FJ979833
.1 

F-GP 
Wild 

5’- ATGGTTCCTCAGGCTCT -
3’ 

Amplify Glycoprotein 
gene of wild type strain 

JX987728 

R-GP 
Wild 

5’- 
AGTGATCGATACCTTCCTCC -3’ 

Amplify Glycoprotein 
gene of wild type strain 

JX987728 
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5.3. Phylogenetic analysis 

In the next step, PCR products were extracted by DNA extraction kit (Fermentase, Latvia) and the 

nucleotide sequences were subsequently defined. In order to study antigenic sites of glycoprotein in 

different strains of rabies virus, Codoncode Aligner software was used and phylogenetic analysis of 

different strains of virus was done using Mega5.1 software. Phylogenetic tree was drawn based on 

neighbor joining method using Kimura-2-Parameter. The obtained sequences of this study were compared 

with G sequence of 12 vaccine strains and SHBRV-18 strain related to bat was assumed as outside group. 

 

6. Findings 

6.1. RT-PCR result 

Nucleoprotein and Glycoprotein genes of PV strain were amplified by RT-PCR and products were 

electrophoresed in agarose gel against marker (Figure 01).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 01.  Nucleoprotein and Glycoprotein genes of PV strain amplification. 
Lane 1 shows N gene of PV strain.  Lane 2 shows 1kb DNA Ladder.  Lane 3 shows G gene of 

PV strain. 
 
Nucleoprotein gene of CVS strain and wild type isolate were amplified (Figure 02, 03).  

 
 
 
 
 
 
 
 
 
 
 

 
Figure 02.  Results obtained from amplification of CVS Nucleoprotein. 

Lane 1 shows CVS Nucleoprotein. Lane 2 shows 1kb DNA Ladder. 
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Figure 03.  Results obtained from amplification of wild type isolate Nucleoprotein. 
Lane 1 shows 1kb DNA Ladder.  Lane 2 shows wild type isolate Nucleoprotein. 

 
All of the samples were loaded on a 1% agarose gel and visualized by Ethidium Bromide staining 

under ultraviolet light. 

 

6.2. Results of sequence analysis 

Results of PCR products sequencing obtained from different strains of rabies virus were used to 

assemble N and G genes of every strain by employing Codon code Aligner software (Table 02). 

 
Table 02.  Result of studying glycoprotein antigenic sites. Some antigenic sites from many strains of the virus which 
are different from reference virus are marked with red color as it is shown in the table 1. Associated to CVS strain: 
Threonine amino acid in antigenic site II b in reference strain is changed to Isoleucine and Glycine is changed to 
Glutamate. Histidine is also changed to Arginine in G5 antigenic site. Associated to PV strain: Histidine amino acid 
existing in reference strain is changed to Arginine in G5 antigenic site. 
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6.3. Phylogenetic Results 

In this tree, a comparison has been made between studied wild type strain and different genotypes 

of lyssavirus genus. Wild type isolate was associated with genotype 1 of lyssavirus genus as shown in the 

figure 04. 

 
Figure 04.  Phylogenetic tree of wild type strain. 

 
The studied wild type strain has formed a cluster with many samples from Nepal which are as 

Arctic-like related strains in phylogenetic tree related to comparison between wild type strain and other 

strains from genotype 1. According to this alignment, the studied isolate belongs to Arctic like group 

(Figure 05). 
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Figure 05.  Comparison between wild type and other strains of genotype 1. 

 
Wild type strain is similar to vaccine strains, in phylogenetic tree related to comparison between 

them (Figure 06). 



http://dx.doi.org/10.15405/epsbs.2017.09.7 
Corresponding Author: Alireza Gholami 
Selection and peer-review under responsibility of the Organizing Committee of the conference 
eISSN: 2357-1330 
	

	76 

 
Figure 06.  Comparison between wild type isolate and vaccine strains. 

 
Phylogenetic analysis of different strains was done using Mega5.1 software.    

 

7. Conclusion 

Rabies is widely spread throughout the world except Antarctica with highest risk of exposure in 

Middle East and North Africa. Rabies is a notifiable disease which is endemic in Iran. Iran is a country 

located in the eastern Mediterranean region sharing more than 5800 km border with neighbouring 

countries among them highly endemic countries such as Afghanistan and Pakistan (Simani et al. 2001). 

However, there is a good rabies control in the country by virtue of applying effective post-exposure 

vaccination to prevent the disease in exposed persons, or pre-exposure vaccination to those with high 

exposure risk (WHO, 2014).  

Since G gene is firmly related with pathogenicity and immunogenicity (Cox, Dietzschold, & 

Schneider, 1977; Morimoto et al. 2001), certain missense mutations in this gene can alter pathogenic and 

antigenic specificities of this protein. Therefore, similarity in antigenic properties of vaccine as well as 

wild type strains of the rabies virus is of high importance for the effectiveness of vaccination (Osorio et 

al. 1999; Rai, Kaushik, & Rai, 2005). There are more than 160,000 suspected rabies exposures in Iran 
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which receive post-exposure vaccination resulting in survival of almost all those people (Gholami, Fayaz, 

& Farahtaj, 2014). Accordingly antigenic sites of glycoprotein of many strains applied in vaccine 

production and vaccine safety control were compared with wild type strain using sequencing technique in 

the this study. In 2001 during researches of Simani et al. for epidemiologic study of different strains of 

rabies of Iran in order to evaluate the genotype mutability among vaccine and wild type strains. However, 

differentiation between genotypes in that study was based on PCR-RFLP. In this study 50 samples which 

were verified to be positive by PCR method, were collected from different regions of Iran and in next step 

RFLP method was applied for ψ/pseudogene region (as the most variable region of genome) to ascertain 

virus type. The results showed that all of the strains belongs to genotype 1 of lyssavirus genus (Simani et 

al. 2001). In another research on 48 virus samples of different regions of Iran in 2003, it was found that 

rabies virus in Iran and viruses from Asia and Europe are placed in 3 different groups in comparison of 

phylogeny and geographical location with each other. Group 1 included 15 samples from northern areas 

of country, group 2 included 31 samples spread all over the country. This two groups were placed in 

Cosmopolitan branch in term of phylogeny studies and geographical location of rabies virus. The third 

group included 2 samples which were only from northeast of the country and belonged to Arctic branch 

through the investigations (Nadin-Davis et al. 2003). There are both sylvatic and urban cycles of rabies in 

Iran. It has long been believed that wolf is an important reservoir for rabies in Iran (24, Sabeti, 1964). . 

The studied wild type strain was an isolate from a rabid wolf belonging to a region in north-east of the 

country. Analysis of sequence and its comparison with other strains from genotype 1, isolated from 

central Asia and eastern Asia demonstrated its classification to genotype 1 of lyssavirus genus and Arctic-

like branch. It was also found to have a high homology with both vaccine strains used in animal and 

human vaccination. 
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