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Background & objectives: Japanese encephalitis (JE), caused by a mosquito-borne virus JE virus (JEV), 
is a serious health problem in West Bengal, India. In this study, we report the complete genome sequence 
of two JEV isolates from West Bengal. The amino acid and nucleotide sequence homology was compared 
with other Indian strains. 
Methods: Two JEV isolates (IND-WB-JE1 and IND-WB-JE2) obtained in 2008 and 2010, respectively, 
from two districts of the State of West Bengal, respectively were analyzed for genetic variations by 
sequencing the 10934 bp whole genome of the virus. Of these two districts, one was covered under JE 
vaccination programme in 2007.
Results: Phylogenetic analysis showed that both the isolates belonged to the genotype III. A total of 16 
mutations were identified in the two isolates studied with respect to Vellore P20778 strain. One unique 
mutation A3215S was only found in IND-WB-JE2 isolate, but not in the isolate IND-WB-JE1. These two 
isolates showed maximum homology with P20778 strain of India.
Interpretation & conclusions: This study reports on complete gene based phylogenetic analysis of JEV 
isolates from the State of West Bengal. It was evident from the results that JEV was still under circulation 
in both vaccine covered and not covered districts of West Bengal.
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 Japanese encephalitis (JE), a mosquito-borne 
life threatening viral disease caused by Japanese 
encephalitis virus (JEV), is endemic in a large portion 
of Asia and South East Asia1,2.  Every year, 68,000 
clinical cases and 20,400 deaths occur due to the 
disease3.

 JEV is the member of the genus Flavivirus of the 
Flaviviridae family4. It has a single stranded, positive 
sense RNA genome, which is capped at the 5’ end. The 

genome is approximately 11 kb in length and contains 
one open reading frame (ORF). The 5’one-third of the 
ORF encodes three viral structural proteins, namely, 
capsid (C), membrane (M) and envelope (E), while the 
3’ two-third region encodes non-structural proteins, 
namely, NS1, NS2A, NS2B, NS3, NS4A, NS4B and 
NS55.

	 JEV	was	first	isolated	from	Japan	in	19356. In India, 
the	first	case	of	JE	was	recorded	from	Vellore,	Tamil	



Nadu in 19557.	In	West	Bengal,	the	first	major	outbreak	
of JE was reported from the districts of Bankura and 
Burdwan in 19738; about 700 cases and 300 deaths 
occurred in that outbreak. From 1978 to August 2013, 
107,552 cases and 34,461 deaths due to JEV infection 
were recorded from various parts of India6,9. According 
to the data of the National Vector Borne Disease Control 
Programme (NVBDCP), till August 2013, a total of 
209 cases and 18 deaths occurred due to JEV infection 
in the State of West Bengal after vaccination9.

 In India, during 2006-2009, children in the age 
group of 1-15 yr were vaccinated with live attenuated 
JE vaccine of SA-14-14-2 strain, manufactured by 
Chengdu institute of Biological Products, Chengdu, 
China10. Most affected areas of some JE endemic 
States were selected. It included seven districts of uttar 
Pradesh, two districts of Assam and one district each 
from West Bengal and Karnataka11. Between 2007 and 
2009, vaccination programme was initiated in Andhra 
Pradesh, Bihar, Haryana, Maharashtra, Tamil Nadu, 
Kerala and Goa11. 

 In West Bengal, JE is still a public health problem, 
especially among children12. The present study was 
carried out to detect the mutations in the genome of the 
JEV that are circulating in West Bengal, India. Complete 
genome	sequences	(verified)	of	only	five	isolates	from	
India are available in GenBank, of which one is from 
equine13. We determined the full-genome sequences of 
two JEV isolates from two districts of West Bengal, 
one from a district covered under JE vaccination in 
2007 and another not covered. The homology of the 
nucleotide and amino acid sequences of the whole 
genome was precisely compared with other Indian JEV 
strains.

Material & Methods

 This study was conducted in the laboratory of 
ICMR Virus unit, Kolkata, West Bengal, India, during 
2008-2010. JEV P20778 strain (GenBank Accession 
No. AF080251) was obtained from the National 
Institute of Virology (NIV), Pune, India, and was used 
as a positive control throughout the study.

Preparation of virus stock: The lyophilized virus was 
reconstituted with miliQ water and was seeded at 
multiplication of infection (MOI) equal to 1 on the 90 
per cent monolayer of Vero cell lines. The culture was 
observed regularly for the appearance of cytopathic 
effect (CPE) up to 7-8 days. On appearance of the CPE, 
virus was harvested by repeated freezing and thawing 
of the cultures followed by centrifugation at 3000 g 

for 15 min at 4°C to remove the cell debris and the 
supernatant was used as positive control for reverse 
transcriptase polymerase chain reaction (RT-PCR) or 
stored at -80°C for future use.

Isolation of virus: For the purpose of sequencing of 
the circulating strains, attempts were made to isolate 
the virus. Two JEV isolates, IND-WB-JE1 obtained 
in 2008 from Malda district of West Bengal (no 
vaccinated done) and IND-WB-JE2 obtained in 2010 
from Birbhum district (vaccine covered under JE 
vaccination programme in 2007) were used in this 
study. 

 These samples were adsorbed in the 80-85 per cent 
confluent	monolayers	of	Vero	cell	lines	for	two	hours	in	
a 6-well tissue culture plates (Nunc, Denmark) at 37°C 
as per the standard protocols14. Infected vero cells were 
incubated at 37°C till the appearance of CPE or up to 
five	days	of	post-inoculation.	After	the	appearance	of	
CPE,	the	infected	tissue	culture	fluid	was	centrifuged	
at 3000 g for 15 min at 4°C. The supernatant of the 
tissue	culture	fluid	(STF)	was	used	for	further	studies.	
Non-infected Vero cell culture was used as negative 
control.

 RNA was isolated from the STF by using 
QIAamp® RNA viral kit (Qiagen, GmbH, Hilden, 
Germany).	The	purified	RNA	was	used	as	template	for	
cDNA	 synthesis	 using	 SuperScript™	 III	 first-strand	
synthesis system (Invitrogen, uSA) with reverse JWR1  
5’-AGATCCTGTGTTCTTCCTCACCACCA-3’ 
primer according to the manufacturer’s instructions. 
Subsequent	 PCR	 amplification	 was	 carried	 out	 to	
amplify the overlapping viral genomic cDNA fragments 
with different oligonucleotide primers (self designed, 
ICMR, Virus unit, Kolkata, India) by using Platinum® 
Taq DNA Polymerase High Fidelity (Invitrogen, uSA) 
(Table I). The PCR products were analyzed in 0.8 per 
cent agarose gel electrophoresis. 

Sequencing and phylogenetic analysis:	The	amplified	
products	were	purified	by	Qiagen	Gel	Extraction	Kit	
and were sequenced by BigDye Terminator Cycle 
Sequencing Ready Reaction Kit (Applied Biosystems, 
uSA) as per the manufacturer’s instructions. The 
products were analyzed using an automated DNA 
sequencer, 3130xL Genetic Analyzer (Applied 
Biosystems). 

 The data were submitted to the GenBank for 
the accession numbers. The	 raw	 data	 (ABI	 file)	
were converted in to the ‘txt’ format by the software 
‘Bioedit’15 for further analysis. The Neighbour Joining 
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Table I. List of primers used for reverse transcriptase (RT)-PCR and sequencing of JEV genome

Name of primers Primer sequence Position Fragment name (PCR 
product size in bp)

JWF 5’-GCTCGAGAAGTTTATCTGTGTGAACT-3’ 1-21

JCPF 5’-CGA GAA CTT GGA ACA CTC ATT GA-3’ 351-373 JF’ (305)
JCPR 5’-ATT GCC CAT GGT GAG CTT AGG ACA-3’ 656-633

JEC(W)F 5’-TTG AGA AGA ATC GAG AGA TTA GTG -3’ 38-62 J1 (1062)
JEC(W)R 5’-ATG CGG ACG TCC AAT GTT GGT TTG-3’ 1100-1088

JE2F 5’-TGC TTG GCA GTA ACA ACG GTC AAC-3’ 907-930 J2 (1519)
JE2R 5’-GCC AAA GCA ATT GAT CGG TCT CGT-3’ 2425-2402
JE2MF 5’-TGC ATG GAA CCA CCA CTT CGG AAA-3’ 1405-1428

JE3F 5’-TGG TGG TGC CTT CAG AAC ACT CTT-3’ 2312-2335 J3 (1467)
JE3R 5’-ACA GCA ATC AAA GCA AGG TGC AGG-3’ 3778-3755
JE3MR 5’-ATA CCC TTC GGT CCG ATT GTG CTT-3’ 3257-3234

JE4F 5’-TTT GGC GAG GTA TGT GGT GCT AGT-3’ 3692-3715 J4 (1478)
JE4R 5’-TAT GAG CCA TCG CCA AGC TCA ACT-3’ 5089-5066
JE4MF 5’-GCA ACC CAA ACA AGA AGA GAG GGT-3’ 4197-4218

JE5F 5’-AGA ACC AGG GAA GGC TGC AGT AAA-3’ 4907-4930 J5 (1432)
JE5R 5’-GTT GTA CTC CAG TAT GGC ATT CGT-3’ 6338-6315
JE5MR 5’-AGG ACT TGC GGT TGA GTT GGA TGA-3’ 5778-5760

JE6F 5’-CGGCATTCAGTACACCGACAGAAA-3’ 6269-6292 J6 (1385)
JE6R 5’-CGT TCT TGA TGA GAG TCC AGG CAA-3’ 7653-7630
JE6MF 5’-TGATGCAGCGAAAGGGTATAGGGA-3’ 6676-6699

J7F 5’-CGTTCCTCGTCAACCCTAATGTCACT-3’ 7465-7490 J7 (1103)
JE7R 5’-GTCTTTGTGCCACGTTGTGGCGAA-3’ 8567-8544

JE8F 5’-ACAGTGTGGAGAGGGCCAAAGTAT-3’ 8415-8438 J8 (1011)
JE8R 5’-CATGACCTTGACCACTTTGTGCCT-3’ 9425-9402

JE9F 5’-CGTGACATAGCAGGAAAGCAAGGA-3’ 9240-9263 J9 (1263)
J9R 5’-AGCACCGTCTACCCAGTATCC-3’ 10503-10483

JE10F 5’-ACGATTGGCAGCAAGTTCCCTTCT-3’ 9793-9816 J10 (1185)
JWR1 5’-AGATCCTGTGTTCTTCCTCACCACCA-3’ 10977-10952

(NJ) phylogenetic tree was constructed based on the 
20 JEV reference sequences available in GenBank 
using the software MEGA 4.116. The source, year of 
collection and GenBank accession numbers of the 
studied isolates are given in Table II. The reliability of 
different phylogenic groupings was evaluated with the 
bootstrap test (500 bootstrap replications) available 
in MEGA. This was followed by the calculation of 
genetic distances using Kimura two-parameter (K2P) 
model16. 

Results

 RT-PCR	 result	 showed	 specific	 bands	 at	 every	
required position in the two isolates on 0.8 per cent 
agarose gel. These samples also produced prominent 
CPE in tissue culture system. The IND-WB-JE1 was 
isolated in 2008 from the district of Malda, where no 
vaccination has yet been done, and the other one, IND-
WB-JE2 was isolated from the district of Birbhum 
(vaccine covered district) in 2010. The full-length 
assembled JEV genome consisted of 10,934 base pairs 
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Table II. Background information of selected isolates of Japanese encephalitis virus in this study

Strains/isolates Geographical origin, year Source Genotype GenBank Accession no.

K94P05 Korea, 1994 Mosquito I AF045551

Ishikawa Japan, 1998 Mosquito I AB051292

KV1899 Korea, 1999 Pig I Ay316157

xJP613 China, 2007 Mosquito I Eu693899

Fu strain Australia,1995 Human II AF217620

Nakayama Japan, 1935 Human brain III EF571853

Beijing1 China 1949 Mosquito III L48961

Vellore P20778 India, 1958 Human III AF080251

SA14 China, 1958 Mosquito III u14163

JaOH0566 Japan, 1966 Human III Ay508813

GP78 India, 1978 Human III AF075723

JaoArS982 Japan, 1982 Mosquito III M18370

CH1392 Taiwan 1990 Mosquito III AF254452

T1P1 Taiwan, 1997 Mosquito III AF254453

14178 India, 2001 Human blood III EF623987

04940-4 India, 2002 Mosquito III EF623989

57434 India, 2005 Human III EF623988

SA14-14-2 China Vaccine III D90195

IND-WB-JE1 India, 2008 Human III Jx050179

IND-WB-JE2 India, 2010 Human III Jx072965

JKT6468 Indonesia 1981 Mosquito IV Ay184212

Muar Malaysia, 1952 Human V HM596272

Source: Ref. 17

which corresponded to the positions 1-10,934 of the 
reference sequence (Vellore P20778). 

 The two isolates from West Bengal i.e. IND-
WB-JE1 (GenBank: Jx050179) and IND-WB-JE2 
(GenBank: Jx072965) showed maximum similarity 
(99%) with the Vellore P20778 strain (GenBank: 
AF080251), followed by 97 per cent nucleotide 
similarity with Nakayama (GenBank: EF571853), 
Beijing-1 (GenBank Acc. no L48961), SA-14 
(GenBank Acc. no u14163), JaGAr01(GenBank Acc. 
no AF069076), CH1392 (GenBank Acc. no AF254452) 
and SA-14-14-2 (GenBank Acc. No D90195) and 96 
per cent nucleotide similarity with GP78 (GenBank 
Acc. no AF075723), 014178 strain (GenBank Acc. 
no EF623987), 04940-4 strain (GenBank Acc. 
no EF623989), 057434 strain (GenBank Acc. no 
EF623988), JaoArS982 (GenBank Acc. no M18370) 
and JaOH0566 (GenBank Acc. no Ay508813). These 

two West Bengal JEV isolates also showed 99 per cent 
nucleotide similarity with each other. 

 Phylogenetic analysis based on complete genome 
of the two West Bengal isolates (IND-WB-JE1 and 
IND-WB-JE2)	 and	 20	 other	 isolates	 including	 five	
Indian isolates available in GenBank, indicated almost 
close clustering of the West Bengal isolates in genotype 
III (Figure). However, the West Bengal isolates formed 
separate cluster with 100 per cent bootstrap support 
and showed very close clustering with Vellore-P20778 
strain.	The	findings	of	this	study	corroborated	with	that	
of a previously reported study, where the Vellore strain 
and GP-78 strain of India formed separate clusters in 
the phylogenetic tree18.

 Multiple sequence alignment of amino acid 
sequences showed 16 non-synonymous nucleotide 
changes in the protein coding region of the two West 
Bengal isolates in comparison with the Vellore P20778 

 TARAPHDAR & CHATTERJEE: COMPLETE GENOME SEQuENCE OF THE GENOTyPE III JEV 75



Figure. Phylogenetic trees based on available complete nucleotide sequences of Japanese encephalitis virus. The tree was constructed using 
the neighbour-joining method. Horizontal branch lengths are proportional to genetic distance. Genotypes are indicated on the right. The 
IND-WB-JE1 and IND-WB-JE2 strains were isolated in the State of West Bengal. GenBank accession numbers for viruses shown are given 
in Table II.

strain (Table III). In the structural protein coding region, 
these changes include K218R, V306I, G379R, T470I, 
L505F and T1243A mutations which corroborate 
A653G, G916A, G1135C, C1409T, G1515T and 
A3727G changes in the JEV genome, respectively. In 
non-structural protein coding region, A3727G, A6378G, 
A6746G, A7336G, C7469T and A9776T changes in 
the nucleotide corroborate I2126V, K2249R, I2445V, 
G2453V, A2489V and D3258V mutations in the protein 
coding region, respectively (Table III). Four amino 
acid substitutions were observed between the two West 
Bengal isolates. In IND-WB-JE1, K2436R (A7310G) 
mutation was found with respect to the Vellore-P20778 

strain in NS4B gene region, but was not found in IND-
WB-JE2 isolate, whereas S555G mutation (A1663G) 
in E protein region, K3092M (A9278T) and a unique 
mutation A3215S (G9645T) in the non-structural 
protein NS5 gene, which corroborated with A688S 
change in polypeptide, only found in IND-WB-JE2 
isolate, but remained unchanged in the isolate IND-
WB-JE1. 

Discussion 

 Genetic variations among JEV strains isolated from 
widely different time periods and geographical regions 
have been reported in several studies. Complete genome 
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sequences (verified)	of	only	five	isolates	from	human	
and vector mosquitoes are available in GenBank from 
India. We studied the full-genome sequences of two 
JEV isolates. The IND-WB-JE1 isolate was obtained 
from Malda district in 2008, where no vaccination has 
yet been done, and IND-WB-JE2 isolate was collected 
in 2010 from a 17 yr old male patient, a resident of 
Birbhum district, where vaccination was done in 
2007.

 The homology of the nucleotide and amino 
acid sequences was precisely compared with other 
JEV strains, particularly with other Indian isolates. 
Phylogenetically the West Bengal isolates IND-WB-
JE1 and IND-WB-JE2 showed maximum homology 
(99%	nucleotide	similarity)	with	the	first	isolated	strain	
of India i.e. Vellore P20778 (GenBank: AF080251), 
obtained from a patient from Vellore (south India) 
during 1958. This result was surprising as the two 
West Bengal isolates and P20778 strain were isolated 
from geographically distant locations at a time gap of 
more than 50 years. The Vellore P20778 strain was 
also related to Beijing 1 strain (GenBank accession 
no. L48961), which was isolated from a human brain 
in Beijing, China, in 1949. A detailed study through 
full	genome	could	not	be	performed	due	to	insufficient	
recorded data on whole genome sequences from other 
States of India. 

 From this study it became evident that JEV was 
still under circulation in West Bengal in both vaccine 
covered and not covered areas, and many deaths due 
to JEV infection occurred in this State even after 
vaccination9. This is a cause of concern and continuous 
monitoring on the circulating strain is required. 
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