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Original article

Comparison of the antigenic
relationship between Japanese
encephalitis virus genotypes 1
and 3

Purpose: The Japanese encephalitis virus (JEV) genotype circulating in Korea has changed
from G3 to G1. Therefore, the purpose of this study was to compare the antigenic relationship
between the two genotypes by using antibody tests.

Materials and Methods: Blood samples from 42 sows and 216 horses were collected, and
their seroprevalence was monitored using the hemagglutination inhibition and virus neutral-
ization tests. Antisera against JEV G1 and G3 were isolated and prepared from guinea pigs.
The cross-reactivity of these two viruses was then compared using the neutralizing antibody
test.

Results: We found that there was a difference in the seropositive ratios of JEV G1 and G3.
However, the difference was dependent on the antibody test used. There was also an ob-
served difference in the antigenicity between the two genotypes, as ascertained using the
neutralizing antibody test.

Conclusion: There is an evident difference in JEV antigenicity between the genotypes G1 and
G3. Therefore, we propose monitoring of the seroprevalence of JEV, and reevaluating the anti-
genicity of the current vaccine by using the relevant tests.
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Japanese encephalitis (JE) is a zoonotic disease that is characterized by acute inflam-
mation in the central nervous system. The Japanese encephalitis virus (JEV) is an ar-
thropod-borne virus that is kept in a transmission cycle between pigs and mosquitoes.
However, it can cause encephalitis in horses and humans by incidental infection [1].
Global warming affects the activity of mosquitoes and as such, JE was considered a re-
emerging disease associated with climate change. JE cases have been identified in
most Asian countries, particularly in South Asia, Southeast Asia, and East Asia [2]. Re-
cent studies estimated the occurrence of JE at 68,000 cases annually, resulting in
10,000-15,000 deaths [3-9].

JEV belongs to the Flaviviridae family of viruses and genus Flavivirus [10]. It is an
enveloped virus with a single stranded positive sense RNA genome that is approxi-
mately 11 kb in length. Sequence analysis of the viral capsid/premembrane/envelop
(E) gene indicated that JEV could be classified into five genotypes (G1 to G5) [11].
Since the replacement of JEV G3 with G1 was first identified in 1994 in Japan, G1 has


http://crossmark.crossref.org/dialog/?doi=10.7774/cevr.2016.5.1.26&domain=pdf&date_stamp=2016-01-27

become the dominant circulating JEV in many Asian coun-
tries, including China [12], Thailand [13], Vietnam [14], and
Korea [15]. In Japan, before the 1950s, over several hundred
JE cases were reported annually; however, vaccination and
improvements in hygiene have dramatically reduced its inci-
dence [6]. Since 1986, there has been no report of equine JE
in Japan; however, one unvaccinated horse died from JE in
2003, and it was revealed that this isolate belonged to G1 [16].
In Korea, since the first identification of JEV in 1946, a num-
ber of JE cases were reported in domestic animals as well as
in humans throughout the 1950s and 1960s [17]. A live atten-
uated JEV vaccine containing G3 was developed for the pre-
vention of JEV infection in animals, and has been widely used
for pigs and horses in Korea since the late 1980s [8]. Until re-
cently, there were no reports on horses clinically infected
with JEV in Korea. However, there are reports of other ani-
mals infected with G1 in Korea [18,19]. The potential impact
of JEV genotype changes on vaccine efficacy has been esti-
mated using a mouse model and the various JEV genotypes
[20].

In the present study, we investigated the antigenic relation-
ship between JEV G1 and G3 using the hemagglutination in-
hibition antibody (HI) test and virus neutralization (VN) test.
This study provides additional data to support the notion that
genotype shift can adversely affect vaccine efficacy. In our
study, we also conducted a serological survey to determine
the prevalence of antibodies against JEV G1 and G3 in race-
horses and conventional pigs in Korea.

Viruses and cells

The Anyang 300 (G3) and KV1899 (G1) viruses were used as
antigens for the neutralizing antibody tests. These strains
were officially obtained from the Animal and Plant Quaran-
tine Agency of Korea. JEV was propagated in Vero cells, which
were maintained in a-minimum essential medium (a-MEM)
supplemented with 5% fetal bovine serum (FBS), penicillin
(100 pg/mL), streptomycin (100 pg/mL), and amphotericin B
(0.25 pg/mL). The virus was inoculated in this media for ex-
periments. After absorption for 1 hour, a-MEM was added
and incubated until a cytopathic effect (CPE) was observed.
The KV1899 strain, with a titer of 10°* 50% tissue culture in-
fectious doses (TCIDso/100 pL), was used as a representative
of the original JEV G3 strain. The Anyang 300 strain (107*
TCIDs0/100 pL) was used as representative of JEV G1. Titra-
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tion of the viral strains was performed in microtiter plates.
Ten-fold serial dilutions of the viruses were prepared in qua-
druplicates in a-MEM and were added to Vero cells at a den-
sity of 1x10° cells/well. After incubation at 37°C for 4 days in a
CO: atmosphere, the titer was defined as the end point dilu-
tion showing CPE in 50% of the wells using the Karber method.

Collection of sera from pigs and horses

A total of 42 blood samples were taken from conventional
sows in several provinces of Korea between April and No-
vember 2012, and 216 horse blood samples were collected
from thoroughbred racehorses in the same year. Most of the
sows and racehorses are vaccinated once a year with live JEV
vaccine (Anyang 300 strain).

Guinea pig sera

Antisera against JEV G1 (KV1899) and G3 (Anyang 300) were
produced in normal guinea pigs weighing 350 g. The antigen
for guinea pig immunization was prepared in Vero cells cul-
tured in a-MEM supplemented with 5% FBS. After 4 days of
incubation at 37°C, the supernatant of the infected culture
was collected, centrifuged at 5,000 xg for 20 minutes, and
then titrated in 96-well plates as described above. Each viral
suspension was emulsified with the adjuvant Montanide IMS
3012 (Seppic, France) at a 1:2 ratio (vol/vol).

Each emulsion was used to immunize five guinea pigs of
an average weight of 350 g (JEV G1 in group A guinea pigs,
JEV G3 in group B guinea pigs). A total of 2 mL of emulsion
per animal was administered in two separate intramuscular
injections 2 weeks apart. Blood samples were taken from
guinea pigs to determine the antibody titers at the time of the
first inoculation (T0) and then 2 weeks after the second inoc-
ulation (T1). At TO all guinea pigs tested seronegative for the
two JEV genotypes (G1 and G3), as determined by the VN
test. At the end of the study, all the guinea pigs were eutha-
nized.

HI test

The HI test was carried out using the JEV HI test kit (Median
Diagnostics Inc., Chuncheon, Korea) according to manufac-
turer’s instructions. Prior to the HI test, sera were inactivated
at 56°C for 30 minutes. The KV1899 (G1) strain of JEV was
used as the antigen for the HI test. Using the sucrose acetone
extraction method, viral antigens were prepared from the
brains of suckling mice infected with the Korean isolate of
strain KV1899 [7]. An HI test was performed in 96-well micro-
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Table 1. Seroprevalence of JEV genotypes in sows, as measured by VN and HI tests in Korea

Positive samples by VN test .
Month No. of samples Positive samples by Hl test
KV1899 Anyang 300
April to June 19 2(10.5) 15(78.9) 15(78.9)
September to November 23 3(13.0) 20 (82.6) 19(78.3)
Total 42 5(11.9) 35(83.3) 34(81.0)

Values are presented as number (%).

JEV, Japanese encephalitis virus; VN, virus neutralization; HI, hemagglutination inhibition.

Table 2. Seroprevalence of JEV genotypes in racehorses as measured
by VN and HI tests in Korea

No. of Positive samples by VN test Positive samples
samples KV1899  Anyang 300 by Hl test
216 9(4.2) 193(89.4) 195(90.3)

Values are presented as number (%).
JEV, Japanese encephalitis virus; VN, virus neutralization; HI, hemagglutination
inhibition.

plates, using slightly modified standard methods to estimate
the concentration of JEV antibodies in pig sera. Briefly, to re-
move non-specific inhibitors, 10 pL of serum and 50 pL of 4%
bovine albumin were mixed with 40 pL of 25% kaolin (Sigma,
St. Louis, MO, USA). The mixture was then incubated for 30
minutes. The kaolin was then removed by centrifugation at
3,000 xg for 15 minutes. The resultant clear supernatant was
mixed with 5 pL of packed goose erythrocytes to remove any
natural agglutinins. After incubation at 37°C for 1 hour, the
treated sera were separated from the goose erythrocytes by
centrifugation. The treated sera (25 pL) were then diluted
two-fold from 1:10 to 1:10,240 in round-bottom 96-well mi-
croplates and reacted with 8 hemagglutination units of JEV.
After incubation at 37°C for 1 hour, 50 pL of 0.33% goose
erythrocytes was then added to the microplates and incubat-
ed for 30 minutes at 37°C. To confirm test reliability, JEV posi-
tive and negative pig control sera were used in all HI tests. HI
titer was expressed as the reciprocal of the highest dilution of
serum showing complete HI, and an antibody titer higher
than 1:10 was considered positive.

VN test

The VN test for JEV was carried out in 96-well microplates us-
ing Vero cells. A 50 pL aliquot of a two-fold serial dilution of
heat-inactivated serum was mixed with an equal volume of
200 TCIDsy of the virus and incubated at 37°C for 1 hour. A to-
tal of 100 pL of Vero cells at a concentration of 2x 10° cells per
ml in a-MEM containing 5% FBS were added to each well.

Table 3. Antibody titers in guinea pig sera as measured by VN test 2
weeks (T1) after the second inoculation with JEV genotypes 1 and 3

VN
Genotype Antibod
Group (stratif; raisedy Geometric p-value
mean
A G1 JEVG1 183.79 <0.001
(K\v1899) JEVG3 0
G3 JEVG1 0 <0.001
(Anyang 300) JEVG3 40

VN, virus neutralization; JEV, Japanese encephalitis virus.

The microplates were incubated for 5 days at 37°C under 5%
CO,, and then virus-induced CPE was visually evaluated. The
VN titer was expressed as the reciprocal of the highest serum
dilution that completely inhibited CPE in the wells. The se-
rum dilution ranged from 1:5 to 1:640, and an antibody titer
higher than 1:10 was considered positive. All experimental
procedures were approved by an independent Animal Care
and Use committee and followed the guidelines of Green
Cross Veterinary Products.

Seroprevalence of JEV in sows and horses
Around 80% of all sows tested were positive for JEV and the
positive ratio in the first half of the year was higher than in the
second half of the year (2012). The positive ratio of JEV, as de-
termined by the HI test, was 81%. The positive ratio of JEV, as
determined by the VN test against G3 (Anyang 300) was
83.3%, and 11.9% against G1 (KV1899). The difference be-
tween the positive ratio of JEV between the first half and the
second half of the year (2012) was not significant (Table 1).
The positive ratio of JEV in racehorses was around 90%, as
determined using both the HI and VN tests against the Any-
ang 300 strain. However, that of JEV, tested by the VN test
against KV1899, was 4.2% (Table 2).
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Cross-reactivity of guinea pig sera between two genotypes of
JEV

The geometric mean of the VN titers against the two JEV gen-
otypes at T1 (2 weeks after the second immunization) is re-
ported in Table 3. In guinea pigs immunized with JEV G1
(group A), the homologous VN titer (geometric mean) was
183.79 and the heterologous titer was 0. In guinea pigs im-
munized with JEV G3 (group B), the homologous VN titer
(geometric mean) was 40.00 and the heterologous titer was 0.
All differences were statistically significant (p<0.001).

Most of the sows and racehorses raised in Korea have been
vaccinated with an attenuated live JEV vaccine from March to
May of each year since the vaccine was first developed in
1980. The sero-positive rate of JEV in racehorses identified in
this study was higher than the rates reported in 2007 [9]. The
HI titers in this study ranged from 1:20 to 1:160 in sows and
racehorses (data not shown). Yang et al. [9] reported that
most of the antibody titers induced by the Korean JEV vac-
cine are less than 1:160 since this vaccine is an attenuated live
vaccine. However, the JEV killed vaccine produced in Japan is
known to induce an HI titer of less than 1:640. Yang et al. [18]
also reported that artificially inoculated pigs had a HI titer of
1:320 to 1:2,560 against JEV. The serum neutralizing (SN) an-
tibody titer in this study ranged from 1:40 to 1:640 (data not
shown). Yamanaka et al. [16] reported that animals infected
with JEV induced SN antibody titers from 1:160 to 1:640.
However, most of the Korean sows and racehorses had previ-
ously been vaccinated with JEV live vaccine, therefore, anti-
bodies induced by JEV infection could not be differentiated
from those induced by JEV vaccination.

The seropositive rate of JEV against JEV G1 was different
from that against JEV G3, as determined by the VN test. Al-
though the HA antigen used for the HI test was JEV G1, the
positive rate of JEV assessed by the VN test against JEV G3
was similar to that obtained using the HI test.

For evaluating the antigenic relationship between JEV G1
and G3, we inoculated guinea pigs with the JEV G1 (KV1899)
and G3 (Anyang 300) strains. Guinea pigs, unlike pigs and
horses, are not a natural host of JEV infection and therefore
may not have experienced previous exposure to JEV. Cross-
antigenic evaluation of the JEV genotypes revealed that there
was no cross neutralizing activity between the two genotypes.
It is improbable that this may affect protection against the
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JEV G1 wild virus in animals that is prevailing in farms. This
finding deserves particular attention, as HI is the gold stan-
dard test used in diagnostic laboratories for evaluation of hu-
moral immunity to JEV.

The viral envelope (E) protein is known to play an impor-
tant role in tissue tropism, cell fusion and infection, virus
maturation, and protection [21]. Phylogenetic analysis of the
E gene demonstrated that KV1899 was clustered into G1 and
Anyang 300 belonged to G3 [22]. The homology of the E gene
nucleotide sequence between these two strains is 87.1%. The
Anyang 300 strain was isolated in 1969 and has been the live
vaccine strain for animals in Korea. The KV1899 strain was
isolated from a fatten pig in 1999 in Korea. In recent years,
JEV G1 has displaced G3 as the dominant virus genotype
throughout Asia [5]. Moreover, the genotype of JEV in Korea
changed from G3 into G1 in 1991 [22]. A previous study dem-
onstrated that sera from a patient immunized with the Tai-
wanese JE vaccine were unable to efficiently neutralize cer-
tain local JEV isolates [23].

The reasons for the emergence of JEV G1 in Korea are un-
certain, and some investigators reported that circulation of
vector-borne zoonotic viruses is largely determined by an
overlap in the geographical distribution of virus-competent
vectors and reservoir hosts. It is also reported that the viral
molecular evolution is associated with climate change [4].
Based on the fact that the original JEV G3 no longer exists in
the field and the proposition that the antigenic differences
might decrease the efficacy of the vaccine, a new vaccine us-
ing the G1 strain should be developed and licensed.

In conclusion, the findings of this study indicate a discrep-
ancy between the HI and SN titers, suggesting that HI is not
adequate to accurately evaluate the protective immunity of
the JE vaccine in pigs and horses, in particular against differ-
ent genotypes of the JE virus. As is routinely done for influen-
za virus and rotavirus vaccines, the development of vaccines
that match the circulating virus in the field could improve the
effectiveness of prophylaxis for JEV infection. It is therefore
necessary that future studies investigate the protective effica-
cy of the live attenuated JEV vaccine (Anyang 300) against ex-
perimental infection with a virulent JEV G1 strain (KV1899)

in pigs.

Bo-KyuKang http://orcid.org/0000-0001-5840-468X
Jeong-Min Hwang http://orcid.org/0000-0003-4272-1220

http://dx.doi.org/10.7774/cevr.2016.5.1.26 29



Bo-

VACCINE

Kyu Kang et al « JEV G1 and G3 in Korea

Hyoungjoon Moon http://orcid.org/0000-0001-6211-8758
Sang-Yoon Han http://orcid.org/0000-0001-6608-724X
Jong-Man Kim http://orcid.org/0000-0001-8479-0393
Dong-Kun Yang http://orcid.org/0000-0001-5765-3043
Bong-Kyun Park http://orcid.org/0000-0002-4301-8740
Daesub Song http://orcid.org/0000-0002-2759-1061

1.

10.

11.

30

Gubler DJ. The continuing spread of West Nile virus in the
western hemisphere. Clin Infect Dis 2007;45:1039-46.

. Erlanger TE, Weiss S, Keiser ], Utzinger ], Wiedenmayer K.

Past, present, and future of Japanese encephalitis. Emerg
Infect Dis 2009;15:1-7.

.Han N, Adams J, Chen P, et al. Comparison of genotypes I

and III in Japanese encephalitis virus reveals distinct dif-
ferences in their genetic and host diversity. J Virol 2014;88:
11469-79.

. Schuh AJ, Ward M]J, Brown AJ, Barrett AD. Phylogeogra-

phy of Japanese encephalitis virus: genotype is associated
with climate. PLoS Negl Trop Dis 2013;7:e2411.

. Schuh AJ, Ward M]J, Leigh Brown AJ, Barrett AD. Dynam-

ics of the emergence and establishment of a newly domi-
nant genotype of Japanese encephalitis virus throughout
Asia. J Virol 2014;88:4522-32.

. Shimojima M, Nagao Y, Shimoda H, et al. Full genome se-

quence and virulence analyses of the recent equine iso-
late of Japanese encephalitis virus. ] Vet Med Sci 2011;73:
813-6.

. Yang DK, Kim HH, Nah JJ, Lee KW, Song JY. Binary ethyl-

enimine inactivated Japanese encephalitis virus antigen
reveals hemagglutination. Open J Vet Med 2012;2:120-3.

. Yang DK, Nah JJ, Kim HH, Song JY. Inactivated genotype 1

Japanese encephalitis vaccine for swine. Clin Exp Vaccine
Res 2014;3:212-9.

. Yang DK, Kim BH, Kweon CH, et al. Serosurveillance for

Japanese encephalitis, Akabane, and Aino viruses for
Thoroughbred horses in Korea. ] Vet Sci 2008;9:381-5.
Lindenbach B, Rice C. Flaviviridae: the viruses and their
replication. In: Fields BN, Howley PM, Griffin DE, Lamb
RA, Martin MA, Roizman B, et al., editors. Fields virology.
4th ed. Philadelphia: Lippincott Williams & Wilkins; 2001.
p.991-1041.

Chen WR, Tesh RB, Rico-Hesse R. Genetic variation of Jap-

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

anese encephalitis virus in nature. ] Gen Virol 1990;71(Pt
12):2915-22.

Wang HY, Takasaki T, Fu SH, et al. Molecular epidemio-
logical analysis of Japanese encephalitis virus in China. J
Gen Virol 2007;88(Pt 3):885-94.

Nitatpattana N, Dubot-Peres A, Gouilh MA, et al. Change in
Japanese encephalitis virus distribution, Thailand. Emerg
Infect Dis 2008;14:1762-5.

Nga PT, del Carmen Parquet M, Cuong VD, et al. Shift in Jap-
anese encephalitis virus (JEV) genotype circulating in north-
ern Vietnam: implications for frequent introductions of JEV
from Southeast Asia to East Asia. ] Gen Virol 2004;85(Pt 6):
1625-31.

Yun SM, Cho JE, Ju YR, et al. Molecular epidemiology of
Japanese encephalitis virus circulating in South Korea,
1983-2005. Virol ] 2010;7:127.

Yamanaka T, Tsujimura K, Kondo T, et al. Isolation and
genetic analysis of Japanese encephalitis virus from a dis-
eased horse in Japan. ] Vet Med Sci 2006;68:293-5.

Lee NS, Mun JB, Kim YH, Song KC. Studies on Japanese
encephalitis. VI. Survey of incidence of the antibodies
against Japanese encephalitis virus among domestic ani-
mals. Res Rep Natl Inst Vet Res 1956;4:21-38.

Yang DK, Kim BH, Kweon CH, Kwon JH, Lim SI, Han HR.
Biophysical characterization of Japanese encephalitis virus
(KV1899) isolated from pigs in Korea. J Vet Sci 2004;5:125-
30.

Yang DK, Kweon CH, Kim BH, et al. The seroprevalence of
Japanese encephalitis virus in goats raised in Korea. ] Vet
Sci 2007;8:197-9.

Fan YC, Chen JM, Chen YY, Lin JW, Chiou SS. Reduced
neutralizing antibody titer against genotype I virus in swine
immunized with a live-attenuated genotype III Japanese
encephalitis virus vaccine. Vet Microbiol 2013;163:248-56.
Westaway EG. Flavivirus replication strategy. Adv Virus Res
1987;33:45-90.

Yang DK, Kim BH, Kweon CH, Kwon JH, Lim SI, Han HR.
Molecular characterization of full-length genome of Japa-
nese encephalitis virus (KV1899) isolated from pigs in Ko-
rea. J Vet Sci 2004;5:197-205.

Ku CC, King CC, Lin CY, et al. Homologous and heterolo-
gous neutralization antibody responses after immuniza-
tion with Japanese encephalitis vaccine among Taiwan
children. ] Med Virol 1994;44:122-31.

http://dx.doi.org/10.7774/cevr.2016.5.1.26



