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Abstract: Myanmar is an endemic country for the Japanese encephalitis virus (JEV), and the SA-14-
14-2 live-attenuated JEV vaccine was first introduced as a catch-up vaccination campaign in 2017.
To determine the effectiveness of vaccination by means of neutralizing antibody titers against JEV,
a cross-sectional descriptive study was conducted among five to 15-year-old monastic school chil-
dren in Mandalay, Myanmar. A total of 198 students who had received vaccines were recruited, and
single-time investigation of anti-JEV IgG and neutralizing antibodies against wild-type JEV were
determined using anti-JEV IgG ELISA and plaque reduction neutralization tests (PRNTso). All stu-
dents 100% (198/198) showed positive results on the anti-JEV IgG ELISA, and 87% (172/198) of the
students had neutralizing antibodies against JEV six months after immunization. The geometric
mean titers of both IgG antibodies and neutralizing antibodies increased with the participants’ age
groups, and statistically significant differences in anti-JEV IgG titers were noted across age groups.
In this study, we could not investigate the persistence of neutralizing antibodies as only single-time
blood collection was done. This study, which is the first report of JEV vaccination among children
in Myanmar, showed similar neutralizing antibody production rates among vaccinated individuals
as did studies in other countries.
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1. Introduction

Japanese encephalitis (JE) infection, a vaccine-preventable disease caused by a mos-
quito borne flavivirus, the Japanese encephalitis virus (JEV), is one of the leading causes
of viral encephalitis in Asia. Approximately three billion people, including 700 million
children, live in areas at risk for JE infection [1]. An estimated 70,000 cases are reported
annually, and the World Health Organization (WHO) estimates that JE claims 14,000 to
20,000 lives a year, mostly children under 15 years of age. Among survivors, half to three-
quarters exhibit long-term intellectual, behavioral or neurological disabilities such as pa-
ralysis or the inability to speak. No cure or clinical treatment exists for JE [2]. Because
mosquito vector control is not yet sustainable or cost-effective, vaccination is the most
important measure to prevent JE.

Myanmar is among Asia’s JE-endemic countries due to its ecological environment,
which is characterized by widespread rice farming, wading birds and pig production.
These conditions are conducive to JE transmission through infected mosquitoes. JE infec-
tion was first documented in 1977, and sporadic JE outbreaks have been reported in My-
anmar since then [3-5]. However, widespread outbreaks began in 2014 and continue to
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pose a significant public health problem. After gradual increases, the number of detected
cases reached 404 in 2016 [6]. At present, JE cases have been detected in all states and
regions of Myanmar, primarily affecting children aged nine months to 15 years old [7]. In
Myanmar, the national Expanded Program on Immunization (EPI), which is supported
by WHO and UNICEF, began a catch-up campaign in 2018 and has now made JE vaccina-
tion routine. This study aimed to evaluate the effectiveness of the catch-up JE vaccination
regimen in Myanmar by assessing the neutralizing antibody among monastic school chil-
dren in Mandalay, Myanmar.

2. Materials and Methods
2.1. Samples and Vaccine

To explore the effectiveness of the SA-14-14-2 vaccine after a catch-up JEV vaccina-
tion campaign in Mandalay, Myanmar, a cross-sectional descriptive study was conducted
in three monastic schools in Mandalay in 2018. A total of 198 apparently healthy students
(five to 15 years old) who had received a single dose of the SA 14-14-2 lived-attenuated
JEV vaccine were recruited. All students were vaccinated at the same time during the first
phase of JEV vaccine catch-up campaign conducted by Ministry of Health and Sports,
Myanmar. We calculated the sample size using the formula, N = Z?P (1-P)/d? We assumed
the proportion of presence of neutralizing antibody among vaccinated students would be
40% ,and precision was taken as 0.07% and 95% confidence interval. Single-time blood
collection was performed six months after vaccine administration, and in-house anti-JEV
IgG ELISA and a plaque reduction neutralization test (PRNT) which was validated in a
previous study, were performed on all samples at Virology Department, Institute of Trop-
ical Medicine, Nagasaki University, Japan [8]. In this study, the effectiveness of the vac-
cination program was determined by measuring neutralizing antibodies against JEV.

2.2. Determination of Anti-]JEV Antibody by ELISA

For the anti-JEV IgG ELISA, serum samples were diluted at 1:1000 dilution with
phosphate-buffered saline containing 0.05% Tween (PBS-T). All of the 96-well microplates
except the blank were coated with 100 pL of purified JEV antigen, whole virion (strain:
JaOrS982; 250 ng/100 puL/well) and incubated at 4 °C overnight. With the exception of the
blank, the wells were blocked with the original concentration of Blockace (Yukijirushi,
Sapporo, Japan) and kept at room temperature (RT) for one hour. The diluted test sera
and control samples (100 pL/well) were added to each well and incubated at 37 °C for one
hour. Then, 100 pL of 1:30,000 diluted HRPO-conjugated goat anti-human IgG (American
Qualex, San Clemente, CA, USA) in PBS-T plus 10% Blockace was added to each well
before the wells were placed at 37 °C for one hour. Initiation of the peroxidase reaction
occurred after incubation at RT for 30 min in the dark. The reaction was then halted by
the addition of 100 uL of 1 N sulfuric acid per well. The plates were washed three times
with PBS-T after the completion of each step. The optical density (OD) was read at 492
nm, and the IgG titers of vaccine recipients’ sera were determined from a positive stand-
ard curve. IgG titers greater than or equal to 1:3,000 titers were considered positive [8].

2.3. Detection of Neutralizing Antibody to JEV

A plaque reduction neutralization test (PRNT) was performed to confirm the neu-
tralizing antibodies (NAb) against JEV. First, the serum samples were diluted from 1:10
to 1:5120 dilution with a cell culture medium. The JaOrS982 strain was used in this study.
One hundred and fifty uL of the diluted serum samples were mixed with an equal volume
of virus, which included 50 plaque-forming units. This mixture was incubated at 37 °C for
one hour to induce a virus-antibody neutralization reaction. Next, 150 uL of the diluted
serum and virus mixture was inoculated on a Vero cell monolayer in a 24-well plate. After
incubation at 37 °C for one hour, the infected cells were overlaid with 500 uL of 1.25%
methylcellulose 4000 in 2% FCS MEM. The plates were then incubated at 37 °C for 4 days.
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The plates were washed thrice with PBS to remove the methylcellulose, fixed with a 4%
paraformaldehyde phosphate buffer solution (Wako, Osaka, Japan) for 30 min at RT,
rinsed, and stained with crystal violet stain. The neutralizing antibody was calculated
based on a 50% reduction of the plaque count. The maximum tested sera dilution capable
of achieving the 50% reduction was considered the neutralizing antibody level [5,9].

2.4. Statistical Analysis

GraphPad Prism (GraphPad Software Inc., La Jolla, CA, USA) was employed for sta-
tistical analyses. Both IgG titers and neutralizing antibody (NAb) levels were expressed
as mean and geometric means with a 95% confidence interval (95% CI). All comparisons
among the four groups were performed by Anova test, and the Mann-Whitney U test was
used to compare IgG Ab and NAb titers among different age groups. The presence of
neutralizing antibodies at a 50% plaque reduction neutralization titer (PRNTs0) of at least
1:10, which has been established as a correlate of protection against the development of
JE in humans, was defined as the cutoff point in this study [10].

3. Results
3.1. Anti-JEV IgG Titers

All 198 students (100%) showed positive results on the anti-JEV IgG ELISA, but only
172 (87%) students had neutralizing antibodies against JEV, and 26 students (13%) had
less than 1:10 neutralizing antibodies against JEV. Of the 198 students, 90 students were
male, and 108 were female, representing a male-to-female ratio of 5:6. The mean age of the
students was 12.29 years (standard deviation, SD: 2.7 years).

We compared the mean and geometric mean antibody titers (GMT) of anti-JEV IgG
and NAb. The mean and GMT for all students were 17,072 (95% CI, 15,061-19,083) and
12,335 (95% CI, 11,003-13,829), respectively. The minimum anti-JEV IgG titers equaled
3013, whereas the maximum titers reached 72,169. The GMT of the JEV IgG antibodies
gradually increased with age groups. The GMT of the JEV IgG was the lowest (6046, 95%
CI, 3826-9553) in the youngest age group (5-7 years) and the highest (15,468, 95% CI,
12,710-18,824) in the oldest (14-15 years) age group (Table 1). The mean antibody titers
between the four age groups were statistically different (p-value = 0.0009) in the two-way
ANOVA analysis. A Mann—-Whitney U test was performed to determine differences be-
tween each age group, and these differences were found to be statistically significant (p
values of < 0.001, <0.01, < 0.05; Figure 1).

Table 1. Geometric mean titers of Anti-JEV IgG and neutralizing antibodies against JEV.

Age Group Gender Mean of JEVIgG GMT of JEVIgG Mean of JEVNADb GMT of JEV NAbD Titer
(Years) (Female:Male) Titer (95% CI) Titer (95% CI) * Titer (95% CI) (95% CI)
5 7 5.7 7876 6046 22 14
' (3705-12,047) (3826-9553) (0-52) (9-34)
14,082 11,401 37 16
§-10 18:20 (10,982-17,182) (9133-14,233) (0-74) (12-22)
15,158 11,356 153 30
11-1 :32 ’ !
3 39:3 (12,282-18,034) (9477-13,607) (0-324) (21-44)
21,746 15,468 76 37
14-1 28:4 ! /
> 8:49 (17,784-25,709) (12,710-18,824) (53-98) (28-49)

* GMT of IgG Ab statistically different among different age groups (p values < 0.05). GMT = Geometric mean titers, NAb
= Neutralizing Antibodies, 95%CI = 95% Confidence Interval.
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Figure 1. Distribution of anti-JEV IgG antibody titers among different age groups. A p value less than 0.05 is considered
statistically significant (* p <0.05; ** p < 0.01; *** p < 0.001).

3.2. Neutralizing Antibody Titers

The mean and GMT of NAD for 172 students were 93 (95% CI, 33-154) and 28 (95%
CI, 23-34), respectively. Similarly, the mean and GMT of the NAbD also exhibited an in-
creasing trend with age (Table 1). The lowest and highest means and GMT of neutralizing
antibodies were found in the youngest (5-7 years) and oldest (14-15 years) age groups,
respectively. Eighty-two students (41%) had NAb titers of 1:10, and only one student
(0.5%) had neutralizing antibody titers of 1:5120 against JEV (Figure 2). One percent to
11% of students possessed NAb titers between 20 and 640.

Positive rate (%)

Figure 2. Proportion of anti-JEV neutralizing antibody titers among vaccinated students.
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4. Discussion

Vaccination is the primary strategy for prevention of infectious diseases and JEV vac-
cination has proven extremely effective in reducing the incidence infections, particularly
in South Korea [11,12], Japan, China [13] Thailand [14] and Taiwan [15]. In Myanmar, the
JEV vaccine (SA 14-14-2 live-attenuated vaccine manufactured in China) was firstly intro-
duced in a catch-up vaccination campaign and added to the lists of the EPI programs re-
ceiving Global Alliance and Vaccine Immunization support at the end of 2017.

The vaccination campaign in Myanmar involved two phases. Phase 1 commenced at
public and private schools targeting five-to-15-year-olds, whereas Phase 2 commenced in
the community targeting children aged nine months to five years who were not attending
school. During Myanmar’s first nationwide immunization campaign against JEV, vaccine
recipients included more than 12 million children, covering 92.5% of the country. In My-
anmar, the number of confirmed JEV cases also decreased after the JEV vaccine was intro-
duced. From 383 in 2017, the total number of cases fell to 126 in 2018 and 115 in 2019 [16].

Utilizing serological and molecular methods, previous studies reported that geno-
types I and III of the JEV were circulating in Myanmar [5,17]. The SA 14-14-2 vaccine
strain, which uses genotype III of the JEV, also showed protective effects against both
genotype I and III, but its protective effect against genotype V was lower. Although, there-
fore, useful for the prevention of disease, vaccination does not eliminate the need for mo-
lecular surveillance, which should be conducted annually to detect for the introduction of
new genotypes (genotype V) to Myanmar.

To assess the effectiveness of the JEV vaccine, neutralizing antibodies measured by
PRNT as a seroprotection rate were used as the end point for the vaccine study [18]. In
this study, 87% of SA 14-14-2 JEV-vaccinated students had greater than 1:10 neutralizing
antibodies against JEV, and 13% had less than 1:10. In a previous laboratory-based study,
human serum samples from JEV-vaccinated people were tested on mice challenged with
virulent JEV strains. These samples showed a titer greater than1:10 and had a protective
effect; partial protective activity was also noted with titers less than 1:10 [19].

Many studies have reported the effectiveness of a single dose of SA 14-14-2 JEV vac-
cination at 85-95%, and booster doses can increase the efficacy to 100%. In this study, 87%
of students had neutralizing antibodies. Moreover, some studies stated that the efficacy
of the JEV vaccine differed across populations. In a study in South Korea and China, the
vaccine achieved an efficacy of 85-95% [12,20], and one study conducted in Nepal found
that a single dose of vaccine produced an efficacy of 98.5% one year after immunization
[21]. In a study involving an Indian population, however, the efficacy was much lower
according to a post-marketing serosurvey, which reported a seroprotection rate after 28
days of only 67.2% [22]. In this study, we evaluated the seroprotection rate of vaccinated
children after only six months. Further research is, therefore, required to confirm the lon-
gevity of the JE vaccine’s protective response.

Although all cases (100%) in this study showed positive results on the IgG ELISA,
some students had no neutralizing antibodies against JEV, perhaps due to the cross-reac-
tivity of IgG antibodies with other flaviviruses. Indeed, IgG is extremely cross-reactive
and can cause cross-reactivity [23]. Moreover, Myanmar is an endemic country for many
flaviviruses, such as dengue and Zika. Besides, we used whole virion of JEV as the puri-
fied antigen and it could cause cross-reactivity to other flaviviruses.

Despite its contributions, this study has limitations. Our investigation involved only
a one-time serum sample collected six months after vaccination and, therefore, could not
explore the persistence of neutralizing antibodies. Further studies will be conducted to
determine both the persistence of neutralizing antibodies and the immunologic response
after booster doses, which are important factors for making political decisions for JEV
vaccination via the EPI program.

Author Contributions: Conceptualization, MMM.N.T., AKK. and KM.; methodology, M.M.N.T.,
AKK, SI; software, KM.N.; validation, M.M.N.T., S.I. and K.M.; formal analysis, M.M.N.T.,



Vaccines 2021, 9, 568 6 of 7

K.M.N,; investigation, M.M.N.T.; resources, K.Z.T. and K.M.; data curation, M.M.N.T. and KM.N;
writing —original draft preparation, M.M.N.T., AK.K. and K.Z.T; writing—review and editing,
MMN.T., AKK, KZT. and K.M,; supervision, K.Z.T. and K.M.; project administration, K.M.;
funding acquisition, A.K.K,, S.I. and K.M. All authors have read and agreed to the published version
of the manuscript.

Funding: This research was supported by Japan Agency of Medical Research (AMED) under the
grant number JP21wm0125006, JP21wm0225017 (Japan program for Infectious Diseases Research
and Infrastructure, and Joint research of Department of Medical Research, Ministry of Health and
Sports, Myanmar and Institute of Tropical Medicine Nagasaki University, Japan (2020-Ippan- 25
and 2021-Ippan-30).

Institutional Review Board Statement: This study was approved by the Institutional Ethics Review
Committee of Department of Medical Research, Myanmar (082/2018) and Ethics Committee of In-
stitute of Tropical Medicine, Nagasaki University, Japan (191003223).

Informed Consent Statement: Informed written consents were obtained from the parents and le-
gally authorized representatives and assents were obtained before taking blood samples.

Data Availability Statement: Not applicable.

Acknowledgments: The authors would like to thank all the members of Department of Virology,
Institute of Tropical Medicine, Nagasaki University and Virology Research Division, Department of
Medical Research (Pyin Oo Lwin Branch).

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the
design of the study; in the collection, analyses, or interpretation of data; in the writing of the manu-
script, or in the decision to publish the results.

References

1.

10.

11.
12.

13.

Campbell, G.L.; Hills, S.L.; Fischer, M.; Jacobson, J.A.; Hoke, C.H.; Hombach, ].M.; Marfin, A.A.; Solomon, T.; Tsai, T.F.; Tsu,
V.D,; et al. Estimated global incidence of Japanese encephalitis: A systematic review. Bull. World Health Organ. 2011, 89, 766-774,
774a-774e.

Solomon, T. Flavivirus Encephalitis. N. Engl. . Med. 2004, 351, 370-378, doi:10.1056/nejmra030476.

Swe, T.; Thein, S.; Myint, M.S. Pilot sero-epidemiological survey on Japanese encephalitis in north-western Burma. Biken J. 1979,
22,125-9.

Thein, S.; Aung, H.; Sebastian, A.A. Study of vector, amplifier, and human infection with japanese encephalitis virus in a ran-
goon community. Am. ]. Epidemiol. 1988, 128, 1376-1382, d0i:10.1093/oxfordjournals.aje.a115090.

Kyaw, A.K,; Tun, M.M.N.; Nabeshima, T.; Buerano, C.C.; Ando, T.; Inoue, S.; Hayasaka, D.; Lim, C.K.; Saijo, M.; Thu, HM.; et
al. Japanese Encephalitis- and Dengue-Associated Acute Encephalitis Syndrome Cases in Myanmar. Am. J. Trop. Med. Hyg. 2019,
100, 643-646, d0i:10.4269/ajtmh.18-0530.

Win, AY.N.; Wai, K.T.; Harries, A.D.; Kyaw, N.T.T.; Oo, T.; Than, W.P.; Lin, HH.; Lin, Z. The burden of Japanese encephalitis,
the catch-up vaccination campaign, and health service providers’ perceptions in Myanmar: 2012-2017. Trop. Med. Health 2020,
48, 13-11, doi:10.1186/s41182-020-00200-3.

Kyaw, P.P.; Shewade, H.D.; Kyaw, N.T.T.; Hnin Phyo, K.; Lin, H.H.; Kyaw, AM.M.; Mya, M.M.; Thaung, S.; Maung, Y.N. High
vaccination coverage, inadequate knowledge and high vector density: Findings from a communi-ty-based cross-sectional study
on Japanese Encephalitis in Yangon, Myanmar. FI000Res 2020, 9, 6.

Inoue, S.; Alonzo, M.T.G.; Kurosawa, Y.; Mapua, C.A.; Reyes, ].D.; Dimaano, E.M.; Alera, M.T.P.; Saito, M.; Oishi, K.; Hasebe,
F.; et al. Evaluation of a Dengue IgG Indirect Enzyme-Linked Immunosorbent Assay and a Japanese Encephalitis IgG Indirect
Enzyme-Linked Immunosorbent Assay for Diagnosis of Secondary Dengue Virus Infection. Vector Borne Zoonotic Dis. 2010, 10,
143-150, d0i:10.1089/vbz.2008.0153.

Tun, M.M.N,; Thant, K.Z; Inoue, S.; Kurosawa, Y.; Lwin, Y.Y,; Lin, S.; Aye, K.T.; Khin, P.T.; Myint, T.; Htwe, K,; et al. Serological
characterization of dengue virus infections observed among dengue hemorrhagic fever/dengue shock syndrome cases in upper
Myanmar. ]. Med. Virol. 2013, 85, 12581266, d0i:10.1002/jmv.23577.

Markoff, L. Points to consider in the development of a surrogate for efficacy of novel Japanese encephalitis virus vaccines.
Vaccine 2000, 18 (Suppl. 2), 26-32, d0i:10.1016/s0264-410x(00)00038-4.

Sohn, Y.M. Japanese encephalitis immunization in South Korea: Past, present, and future. Emerg. Infect. Dis. 2000, 6, 17-24.
Sohn, Y.M.; Park, M.S.; Rho, H.O.; Chandler, L.J.; Shope, R.E.; Tsai, T.F. Primary and booster immune responses to SA14-14-2
Japanese encephalitis vaccine in Korean infants. Vaccine 1999, 17, 2259-2264, d0i:10.1016/s0264-410x(99)00006-7.

Liu, W.; Clemens, ].D.; Yang, ].-Y.; Xu, Z.Y. Immunization against Japanese encephalitis in China: A policy analysis. Vaccine
2006, 24, 5178-5182, doi:10.1016/j.vaccine.2006.04.006.



Vaccines 2021, 9, 568 7 of 7

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Endy, T.P.; Nisalak, A. Japanese Encephalitis Virus: Ecology and Epidemiology. Curr. Top. Microbiol. Immunol. 2002, 267, 11-48,
doi:10.1007/978-3-642-59403-8_2.

Tseng, H.F.; Tan, H.F.; Chang, CK.; Huang, W.L.; Ho, W.C. Seroepidemiology study of Japanese encephalitis neutralizing an-
tibodies in southern Taiwan: A comparative study between urban city and country townships. Am. ]. Infect. Control. 2003, 31,
435-440.

Ministry of Health and Sports, D. o. P. H. Myanmar. Monthly Epidemiology Bulletin. Available online:
https://mohs.gov.mm/page/12769 (accessed on 30 June 2020).

Latt, A.Z.; Win, KM.A.HM.; Aung, KM.; Oo, KK.; Thu, HM.; Win, M.M.; Thu, HM.; Yoksan, S. Isolation and Identification
of Japanese Encephalitis Virus from Piglets in Thakata Township, Yangon. Myanmar Health Sci. Res. |. 2015, 27, 1-6.

Hegde, N.R.; Gore, M.M. Japanese encephalitis vaccines: Immunogenicity, protective efficacy, effectiveness, and impact on the
burden of disease. Hum. Vaccin Immunother. 2017, 13, 1-18.

Van Gessel, Y.; Klade, C.S.; Putnak, R.; Formica, A.; Krasaesub, S.; Spruth, M.; Cena, B.; Tungtaeng, A.; Gettayacamin, M.; De-
wasthaly, S. Correlation of protection against Japanese encephalitis virus and JE vaccine (IXIARO®) induced neutralizing anti-
body titers. Vaccine 2011, 29, 5925-5931, d0i:10.1016/j.vaccine.2011.06.062.

Xin, Y.Y,; Jian, A; Peng, G.Y.; Min, L.H.; Ming, Z.G. Safety of a Live-Attenuated Japanese Encephalitis Virus Vaccine (SA14-14-
2) for Children. Am. J. Trop. Med. Hyg. 1988, 39, 214-217, doi:10.4269/ajtmh.1988.39.214.

Bista, M.B.; Banerjee, M.; Shin, S.H.; Tandan, J.; Kim, M.H.; Sohn, Y.M.; Ohrr, H.C.; Tang, J.L.; Halstead, S.B. Efficacy of single-
dose SA 14-14-2 vaccine against Japanese encephalitis: A case control study. Lancet 2001, 358, 791-795, doi:10.1016/s0140-
6736(01)05967-0.

Vashishtha, V.M.; Kalra, A.; Bose, A.; Choudhury, P.; Yewale, V.N.; Bansal, C.P.; Gupta, S.G. Indian Academy of Pediatrics (IAP)
recommended immunization schedule for children aged 0 through 18 years, India, 2013 and updates on immunization. Indian
Pediatr. 2013, 50, 1095-1108.

Maeki, T.; Tajima, S.; Ikeda, M.; Kato, F.; Taniguchi, S.; Nakayama, E.; Takasaki, T.; Lim, C.K.; Saijo, M. Analysis of cross-reac-
tivity between flaviviruses with sera of patients with Japanese encephalitis showed the importance of neu-tralization tests for
the diagnosis of Japanese encephalitis. ]. Infect. Chemother. 2019, 25, 786-790.



