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SUMMARY

Since 2006, the inactivated Japanese encephalitis vaccine has been studied and produced by the

VABIOTECH company from the Beiing-1 strain on Vero cells. Vaccines produced from the
materseed and working seed virus have been evaluated at laboratory and clinical scale in humans.
The results showed that the vaccine was safe and created 100% protective antibodies after the booster
dose. To officially put this vaccine into production and mass use, the master seed virus BV-MSV-
0210 and working seed virus BV-WSV-0310 with the reference standard strain JEV Beijing-Kanonji
has been tested for genetic stability. By the method of Sanger sequencing and genetic analysis
software, we have evaluated the similarity of nucleotide and proteinsequencesof the E antigen-
encoding gene. The results showed that the seed virus similarity of amino acids and nucleotides is
100% compared with the reference strain. Thus, it can be concluded, the seed virus has antigen
stability. Nucleotide and amino acid gene sequences of E genomic regions of the two seed lots were
compared with virus strains isolated from human, pig and mosquito in Vietnam. The results showed
that the nucleotide similarity of seed virus compared with the JEV strains isolated from humans
ranged from 86.67 to 97.54%; from pigs is 87.47 to 88.33%, and from mosquitoes is 86.05 to 99%.
Meanwhile, the amino acid similarity of the seed virus with the JEV strains isolated from humans
ranged from 96.73 to 99.02%; from pigs is 98.00 t098.40% and from mosquitoes 94.55 to 98.40%.
The sequence of amino acids in the epitope producing neutralizing antibodies of the seed virus did
not differ from that of the JEV strain circulating in humans isolated in 2014.

Keywords: Beijing-1 strain, Master Seed Virus strain, Working Seed Virus strain, Envelope protein
gene, nucleotide homology, amino acid similarity, neutralizing antibody-produce epitopes.

INTRODUCTION

Japanese Encephalitis virus has many strains
(about 290 strains have been isolated in Asia),
belonging to 5 genotypes. However, not all
strains can be used to produce human vaccines.
In order to be selected for the production of
vaccines for human use, the virus strain needs to
meet many criteria as prescribed by the World

Health Organization. Currently, most strains
used to produce vaccines belong to genotype 3
such as: Nakayama strain; Beijing -1; Beijing-3;
SA-14-14-2 (Sharma et al., 2014; Huynh Phuong
Lienetal., 2011).

According to statistics, Japan is the first
research country to produce the first inactivated
JE vaccine with strains of Nakayama and/or
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Beijing-1. However, the actual clinical research
results show that the Beijing-1 strain has superior
immunity compared to the Nakayama strain.
Therefore, since 1989, the production of the JE
vaccine was officially switched to use the strain
Beijing-1. After Japan, China also researched
and produced vaccines using strains Beijing-3
and SA-14-14-2. Subsequently, Korea started
using the Nakayama strain; India and Austria
used the strain SA-14-14-2.

In Vietnam, in 1989 Vabiotech company
researchedand used the Nakayama strain to
produce inactivated JE vaccine on mouse brains.
The vaccine has been put into mass use since the
early 1990s up to now with very good protection
results. From 2006 up to now, Vabiotech
company has researched and developed a
technological process to produce inactivated JE
vaccines on Vero cells from Beijing-1 strain to
gradually replace vaccines produced in the brain
of mice today. This new vaccine has gone
through a number of stages such as the
establishment of a Master Seed Bank with code
BV-MSV-0210 and a Working Seed Bank with
code BV-WSV-0310.The assessment and
monitoring of the quality of the strains produced
by the time of preservation and over the quality
of 10 batches of finished vaccines at the
laboratory scale and on the clinical scale in
humans have been carried out from 2013-2018.
The results showed that the vaccine was safe and
created 100% protective antibodies after the
booster injection. To officially put this vaccine
into production and mass use, the evaluation of
the E gene region stability (specific protective
antibody-forming region) of these strains
compared with the original strain and the
similarity of nucleotides and amino acids with
the JEV strains circulating in Vietnam is
essential to confirm whether the vaccine using
this batch of strains is really effective in
preventing the disease from the JEV strains
circulating in Vietnam. For that reason, we
performed E gene sequencing and analysis of
nucleotide and amino acid similarity of master
seed virus (MSV) batch BV-MSV-0210 and
working seed virus (WSV) batch BV-WSV-0310
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with the original standard strain (Reference JEV
Beijing-Kanonji) provided by Kanonji, Japan to
assess genetic stability and compare with
existing JEV strains in Vietnam to evaluate
antigen similarity.

In this study, we present some results on the
E gene region similarity of 2 batches of Beijing-
1 strains being used in JE vaccine production
with standard virus strains and JEV strains
circulating in Viet Nam.

MATERIALS AND METHODS

The object of study is the seed bank of batch
BV-MSV-0210 and the seed bank for production
batch BV-WSV-0310. Reference JEV Beijing-
Kanonji provided by Kanoniji, Japan, is the strain
used to produce 2 batches of seed strains used in
research. Total RNA was extracted and purified
from each sample using the QIAamp Viral RNA
Mini Kit (Qiagen). E gene region was amplified
by RT-PCR using OneStep PCR Kit (Qiagen)
with primer pair: JEV-E-pl: 5’-
TTCAACTGTCTGGAATGG-3'; JEV-E-p2: 5°-
AGCATGCACATTGGTAGCT- A-3 'with the
program: 50°C for30 minutes, 95°C forl5
minutes; 30 cycles (94°C for 1 minute, 50°C for
1 minute, 72° C for 1 minute), 72°C
forlOminutes, hold at 4°C. PCR products were
tested on the 1% agarose gel. The band
containing the PCR product is eluted and purified
using the QIAquick PCR Purification Kit
(Qiagen) for sequencing. Gene sequencing was
performed with Applied Biosystems™ Sanger
Sequencing Kit (Thermo Fisher Scientific) and
ABI 3500 gene sequencing machine of the
Institute of Biotechnology, Vietnam Academy of
Science and Technology. E gene sequences were
analyzed using available software on the internet
such as Blast, BioEdit, MEGA®G.0 to evaluate the
similarity and build phylogenetic trees based on
regional sequence E gene of 2 strains Beijing-1
with standard strain and JEV strains isolated
from humans, pigs, and mosquitoes in Vietnam
from 1964 to 2014 (Table 1). Analysis of E
region antigen epitopes was conducted according
to the method of Luca et al. (2012).
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RESULTS

Results of E gene amplification of master seed,
working seed, and reference strains

The gene encoding the E antigen of the
master seed strain BV-MSV-0210, working seed
strain BV-WSV-0310 and the reference standard
strain of JEV Beijing-Kanonji were amplified by
RT-PCR. The results showed that the PCR
product is very specific, without byproducts, the
size is equivalent to the length of E gene
according to theoretical calculations (about1500
bp). Results are shown in Figure 1.

M 1 2 3

1500 bp-
1000 bp-

Figure 1. Agarose gel 1% electrophoresis for testing
RT-PCR products amplified gene encoding E antigens
of strains: original strain BV-MSV-0210 (lane No. 1);
production strain BV-WSV-0310 (lane No. 2); Standard
strain reference original JEV Beijing-Kanonji (lane No.
3). M: Farmentas 1 kb DNA ladder.

Results of sequencing and analysis of genes
encoding E antigens of master seed and
working seed strains

PCR products were collected by gel eluted
method, purified by QlAquick PCR Purification
Kit, and sequenced by ABI 3500 gene
sequencing machine. After sequencing, we used
specialized software programs such as Blast,
BioEdit, MEGAG.0 ... to analyze, evaluate the
similarity and build phylogenetic trees based on
the E region sequence of the master seed BV-
MSV-0210and working seed BV- WSV-

0310strains. The results showed that the gene
encoding E antigen has a length of 1500 bp, a
G/C ratio of 52%, which encodes a protein with
a length of 500 amino acids.

The length and nucleotide and protein
sequences of the gene coding for E-antigen the
MSV, WSV and reference strain are completely
identical. These strains have 100% similarity for
both nucleotides and amino acids. However,
when comparing the nucleotode and amino acid
sequences of the seed strains with the gene
sequences encoding E antigens of JEV strains
isolated in Vietnam, the similarity percentage is
very different (Table 1).

Based on the results of comparing the
nucleotide and protein sequences of the gene
coding for E antigen of MSV and WSV strains
compared with the reference strain (Beijing-
Kanonji) and the JEV strains isolated in Vietham
from 1964 to 2014, we created a phylogenetic
tree to evaluate the nucleotide and protein
correlation between strains studied (Figures 2
and 3).

The results determined the epitope positions
of protein E of the WSV and MSV strains

Comparing nucleotide sequence and E gene
protein of the WSV strain and MSV strain with
JEV strains isolated in Vietnam, especially
strains isolated from human, the results show that
this rate ranged from 86.67 to 97.53% for
nucleotides and 96.73 to 99.00% for proteins.
We have examined whether the epitopes crucial
to the immune response for neutralized
antibodies change or not. Using the method of
Luca et al. (2012), we determined the positions
of the epitopes and the positions of amino acids
that determine the epitope for antigenic
properties. The results are shown in Table 2.

As results, (Table 2) the amino acids of the
epitopes of the gene encoding the E antigen in
the WSV strain, the reference strain, the SA14-
14-2 vaccine strain, and the JEV strain
isolated from humans in Vietnam in 2014 did
not change.
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Table 1. Nucleotide and protein sequence similarity ratio of E antigen-encoding gene of master seed strain (BV-
MSV-0210) and working seed strain (BV-WSV-0310) compared to E-gene sequence of JEV strainsisolated in
Vietnam over different years and from different hosts.

Nucleotide and protein sequence

No. Accession in Years of Hosts similarity ratio (%)
GenBank isolation Nucleotide Protein

1 LC000631 1964 Human 97.45 98.31
2 AY376461 1986 Human 96.40 99.00
3 AY376463 1989 Human 96.73 99.20
4 HQ009263 2004 Human 97.53 97.20
5 LC000634 2007 Human 87.45 96.73
6 KP876007 2014 Human 86.67 97.04
7 AY 376464 2001 Pig 88.33 98.40
8 AY 376465 2002 Pig 88.27 98.40
9 HQ009265 2005 Pig 87.47 98.00
10 JEU70420 1979 Mosquito 99.00 98.06
11 AB933311 1994 Mosquito 88.05 98.22
12 AY376468 2002 Mosquito 88.33 98.40
13 IN574431 2005 Mosquito 87.80 98.04
14 LC000635 2010 Mosquito 87.54 96.77
15 LC000637 2011 Mosquito 86.05 94.55
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Figure 2. Phylogenetic tree based on E gene nucleotide sequence of the WSV strain (BV-WSV-0310), MSV
(BV-MSV-0210), original reference strain (Beijing-Kanoji), and the JEV strains isolated in Vietnam from 1964 to
2014.
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Figure 3. Phylogenetic tree based on E gene protein sequence of the WSV strain (BV-WSV-0310), MSV (BV-
MSV-0210), original reference strain (Beijing-Kanoji), and the JEV strains isolated in Vietham from 1964 to 2014.

Table 2. Position of epitopes and positions of amino acids determining antigens of epitope on protein E of the
WSV strain (BV-WSV-3010), reference strain (Beijing-Kanonji), JEV strain isolated in humans 2014 and vaccine

strain SA14-14-2.

Domain ll-fusion Side
loopprotein E chains of Side chains of
Domain I-llhinge Domain | Domain lll

Position ofneutralizing
epitopes 104 106 107 52 126 136 275 179 337 360 302 387
AA of the strain SA14-
14-2 (Luca et al.) G G L Q | K S K | F G R
AA of the strain BV-
WSV-3010 G G L Q | K S K | F G R
AA of the strain
2014_KP876007_Human
_ProE G G Q | K S K | F G R
AA of the strain Kanonji G G L Q | K S K | F G R

DISCUSSION

Japanese Encephalitis virus (JEV) is the
leading cause of viral encephalitis globally. The
envelope protein of the JEV (protein E)
facilitates virus binding on the cell surface and

membrane fusion, which is the primary target of
antibodies that neutralize the virus (Luca et al.,
2012). Therefore, the efficacy of JE vaccine
depends on the ability to produce antibodies to
neutralize E protein. Since 2006, inactivated
Japanese encephalitis vaccine has been
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researched and produced by Vabiotech company
from Beiing-1 on Vero cell. The results of
clinical trials on humans showed that the vaccine
was safe and created 100% protective antibodies
after the booster injection. To officially put this
vaccine into production and mass use, the
evaluation of genetic stability and E-antigens
similarity of the WSV strain and MSV strain
compared with the JEV strains circulating in
Vietnam are essential. The gene encoding the E
antigen of the seed lots includes the Master Seed
Bank BV-MSV-0210 and the Working Seed
Bank BV-WSV-0310 with the reference
standard strain JEV Beijing-Kanonji were
sequenced and analyzed for similarity. The
results showed that 2 batches of WSV have the
similarity of amino acids and nucleotides of
100% compared with the reference strains. Thus,
it can be concluded that the MSV strain and the
WSV strain have genetic stability. However, the
question that needs to be answered is, do the
strains used in production have similar antigens
to neutralizing antibodies against JEV strains
circulating in Vietnam? To answer this question,
the E gene region nucleotide sequences of the
two strains were compared with the E gene
region sequences of JEV strains isolated from
humans, pigs and mosquitoes in Vietnam and
submitted in GenBank from 1964 to 2014 (Table
1). The results showed that, the similarity of the
nucleotide of the strain compared with the strains
VNNB isolated from humans ranged from 86.67
to 97.54%; from pigs is 87.47 to 88.33% and
from mosquitoes is 86.05 to 99%.Meanwhile, the
amino acid similarity of the strain compared to
the strains of JEV isolated from human ranged
from 96.73 to 99.02%; from pigs is 98.00-
98.40% and from mosquitoes 94.55 to 98.40%.
Looking closely at the variation of the nucleotide
sequence as well as the protein sequence of the
JEV strains in Table 1, we can see that the
similarity level decreases over time. For
example, the nucleotide similarity of JEV
isolated from humans in 1989 was 96.73% and
protein was 99.20, by 2014 this similarity level
was only 86.67% for nucleotides and 97.04. %
for protein. So, is it because the pressure when
using JE vaccine since 1990 has created mutant
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strains to gradually evade the protective ability
of the vaccine? According to Roy el al. (2020),
when the structure of the neutralizing antibody
epitopes changes, the JEV can evade the
protective ability of the neutralizing antibody
produced by vaccines.To be able to elucidate this
problem, we have used the method of Luca et al.
(2012) to compare the amino acid sequence in
the neutralizing antibody epitope region of
Domain I, Il and 11l of MSV strain, WSV strain
and reference strain with JEV strains circulating
in human isolates in 2014. Results showed that,
no change of amino acids determining the
configuration of antigens belonging to these
epitopesfound (Table 2). That partly explains
that vaccines produced by the WSV strains
derived from the MSV strains still create 100%
protective antibodies. According toDo Tuan
Datet al. (2017), the JECEVAX vaccine
produced from the MSL BV-MSV-0210 and the
WSL BV-WSV-0310 was safe and hadeffective
protection100%after the third injection. The titer
of antibodies to neutralize GMT using the PRNT
method increased after 2 doses of 2.09 logs and
3.04 logs after 3 doses.This result is equivalent
to the vaccine of the same type of Japan (CC-
JEV) and the Republic of Austria (IXIARO).The
protective effect of this vaccine was even better
than that of the control group using the JEVAX
vaccine (the vaccine being used in the expanded
vaccination program in Vietnam, produced on
mouse brain with Nakayama strain) only reached
99%. Some other vaccines currently circulating
in Vietnam are Imojev (live chimeric vaccine,
strain SA14-14-2, produced by France) or JEEV
vaccine (made in India) also has a protective
effect of 95-98%.

CONCLUSION

With the results obtained above, it can be
confirmed that 2 lots of Beijing-1strains (BV-
MSV-0210 and BV-WSV-0310) produced by
Vabiotech company have high genetic stability
with standard strains. The nucleotide sequence
similarity of the gene encoding E antigen of the
WSV strain compared to the JEV strains
circulating in Vietnam from 1964 to 2014 is from
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86.67 to 97.54% in humans; 87.47-88.33% in
pigs and 86.05-99% in mosquitoes. Meanwhile,
the amino acid similarity of the WSV strain
compared to the strains of JEV isolated from
human ranged from 96.73 to 99.02%; from pigs
is 98.00-98.40% and from mosquitoes 94.55 to
98.40%. When comparing the amino acid
sequence in the neutralizing antibodyepitopes of
the WSV strain and the MSV strains with the
JEV strain circulating in humans in 2014, there
was no change of amino acids that determine the
conformation of the antigen.
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DPANH GIA SU TUONG PONG VE GEN VA PROTEIN CUA CHUNG SAN XUAT
VACCINE BEIJING-1 SO VOI CAC CHUNG VIRUS VIEM NAO NHAT BAN PANG

LUU HANH TAI VIET NAM

NguyénThi Ly', Huynh Thi Phwong Lién? P§Tuin Pat?, Nguyén Kim Bach’, Nguyén Hoang

Tung!, Ha Thi Thu®, Pinh Duy Khang?

*Vién Kiém dinh Quéc gia Vac xin va sinh pham y té (NICVB)
2Céng ty TNHH MTV vic xin va sinh phdm sé 1 (VABIOTECH)
%Vién Cong nghé sinh hoc (IBT), Vién Han Lam KH&CN Viét Nam (VAST)

TOM TAT

Tur nam 2006, vaccine viém néo Nhat Ban bat hoat da duoc nghlen clru san xuét boi cong ty

VABIOTECH tir ching Beiing-1 trén té bao Vero. Vaccine san xuat tir c4c 16 ching gidng goc va
gidng san xuat di dugc danh gla o quy mo phong thi nghiém va quy mo 1am sang trén nguoi. Két qua
cho thay, vaccinedat an toan va tao khang thé bao vé 100% sau mii tang cudng. De chinh thuc dua
vac xin nay vao san xuat va su dung dai trd, cac 16 ching glong gom chung giong gbc BV-MSV-0210
va chiing glong san xuét BV- WSV-0310 cung chung chuan tham chiéu JEV Beijing-Kanonji do Nhat
Ban cung cip da duoc kiém tra vé tinh 6n dinh di truyén. Bing phuong phép giai trinh tu Sanger va
phén tich gen v&i cac chuong trinh phan mém khac nhau, ching toi da danh gia su twong dong vé
trinh tw nucleotde va protein cua gen ma hoa khang nguyén E. Két qua cho thay, 216 chung giong ¢6
su trong dong vé amino acid va nucleotide 12 100% so v&i ching tham chiéu. Nhu vay, c6 thé két
luén, chung gidng gdc va chung giéng san xuét cé tinh 6n dinh vé khang nguyén. Trinh tu nucleotide
va amino acid ving gen E cua 2 16 ching gidng da dugc so sanh véi cac chung virus phan lap tir
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ngudi, lon va mudi ¢ Viét Nam. Két qua cho thay, sy twong dong vé nucleotide ciia ching giéng so
v6i cac ching virus VNNB phan 1ap tir ngudi dao dong tir 86,67 dén 97,54%; tir lon 1a 87,47 dén
88,33% va tir mudi 1a 86,05 dén 99%. Trong khi do, su twong dong vé amino acid cia ching giéng
s0 v6i cac chung virus VNNB phan lap tir nguoi dao dong tir 96,73 dén 99,02%; tir lon la 98,00-
98,40% va tir mudi 1a 94,55 dén 98,40%. Trinh ty amino acid trong viing epitope sinh khang thé trung
hoa cua chung gidng khong c6 su khac biét so v6i chung virus VNNB luu hanh trén nguoi phan lap
nam 2014.

Tir khoa: Chung Beijing-1, Chiing glong gbc, ching giong san xudt, gen ma hoa khang nguyén E,
sw tiwong dong nucleotide, sw twong dong amino acid, epitope sinh khang #4é trung hoa.
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