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Background & objectives: Japanese encephalitis (JE) caused by mosquito-borne Flavivirus is one of
the leading causes of viral encephalitis in Asia. Control strategies include vector control and human
vaccination. Due to lack of immunization programmes in endemic regions, there are still high mortality
and morbidity. A live-attenuated SA 14-14-2 JE vaccine (LAJEV) has been licensed and used in Asian
countries, including India. We report the assessment of immunogenicity and safety of the vaccine in
adults during the first mass adult vaccination campaign carried out in Assam, India.
Methods: One thousand and seventy five adults (aged ≥15 yr) who received LAJEV were monitored for
adverse events following immunization for one year. The safety assessment of vaccinated population was
evaluated till 28 days and at 6 and 12 months. Blood samples collected from the enrolled participants
were tested by plaque reduction neutralization test (PRNT50) to assess the neutralizing antibody titres
(NATs) before vaccination and 28 days, six and 12 months post-vaccination (PV).
Results: Among the 1075 vaccinated individuals, four reported minor adverse effects from 30 min to 28
days PV. Based on the pre-vaccination NAT, the study participants were categorized as seronegative,
moderately seropositive and strongly seropositive. Nearly 85.5 per cent of JE seronegative participants
seroconverted by 28 days PV. The geometric mean titre (GMT) in all the three groups increased by 28
days and decreased by six and 12 months PV. Nearly 60 per cent of the moderately positive individuals
exhibited four-fold rise in GMT, 28 days PV. Almost 95.5 per cent of the participants in the study
population remained seroprotected at the end of 12 months PV.
Interpretation & conclusions: This study on immunogenicity and safety of LAJEV in adults showed
that a single dose of the live-attenuated vaccine was safe and induced protective immunity to both JE
seronegative and naturally seropositive adults. Further study is required to find out long term protective
efficacy of this vaccine.
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Japanese encephalitis (JE) is a mosquito-borne
disease which has a complex interaction between
human beings, principal hosts such as pigs and
birds and mosquito vectors (Culex sp.)1. It has been
estimated that approximately 50,000 cases of JE occur
annually, with 25-35 per cent case fatality rates and
more than 30 per cent of survivors suffer from severe
long-term disabilities2. JE has recently spread widely
in South-East Asia as well as into new geographical
areas including Australia and the UK3. Since the first
report of JE in 1955, frequent outbreaks have been
reported from northern, northeastern and southern
parts of India4,5.
The disease has been endemic in Assam, a
northeastern State of India since 19766. Initially, young
children of rural areas were known to be vulnerable to
the disease. However, following mass JE vaccination
campaigns among children, adult JE cases were found
to outnumber paediatric cases in different States of
India, including Assam6. Considering the situation, the
Government of Assam introduced a mass vaccination
drive in a campaign mode among adults (≥15 yr) with
the live-attenuated SA 14-14-2 JE vaccine (LAJEV)
in Sivasagar, a JE-endemic district of Assam, during
October-November 20117. The mass vaccination
campaign in adults was an initiative taken by the
Health Department of Assam, Government of India, on
a pilot basis. The protective effect and safety of a single
dose of LAJEV in children have shown promising
results8,9. It has also been used in adults in some JEendemic districts of Nepal10. However, the question
remained whether LAJEV could be used among adults
as safely as it had been used for children in India11.
Hence, the present study was undertaken to estimate
the immunogenicity and safety of a single dose of
LAJEV in adult population in Assam, India.
Material & Methods
The Government of Assam undertook the first
adult JE mass vaccination campaign in Sivasagar,
India, from October 9 to November 28, 2011, using
lyophilized LAJEV (CD-JEVAXTM, Chengdu Institute
of Biological Products, Chengdu, PR China). Our
study was a nested study in line with the government’s
JE vaccination campaign. This observational study
was conducted to estimate the immunogenicity elicited
by LAJEV in adults (≥15 yr) over a period of 12
months in the study area. The safety of the vaccine
was evaluated as a second objective. Adequate care
was taken in selection of the area for immunogenicity
and safety studies. Demow, a moderately JE-affected
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primary health centre (PHC), was selected avoiding
highly JE-endemic or very low JE-reporting areas.
The endemicity was based on case load per year per
PHC and thus categorized as high (>10 cases per
yr), moderate (1-10 cases per yr) and low (<1 case
per yr). Two villages, Khongia, inhabited mostly by tea
tribes (Adivasi community), and an adjoining village,
Hiloidhari, inhabited by ethnic Assamese population of
the PHC, were included in the study.
Sample size: Administration of the JE vaccine was solely
undertaken by the Government of Assam. However, to
estimate the immunogenicity and safety of the vaccine,
sample size was calculated based on the conservative
estimates. Assuming a natural seropositivity of about
90 per cent with an absolute precision of 2 per cent and
the confidence level of 95 per cent, the sample size was
calculated to be 864. We took into consideration 25 per
cent loss due to various causes. To compensate these
losses, the sample size was increased by 25 per cent.
Thus, the total sample required was 864+216=1080,
which was rounded up to 1100. These participants were
selected from the two contiguous villages selected on
the basis of practical considerations including ease
of approach and population receptiveness for the one
year follow up. Informed written consent was obtained
from all the participants before enrolment in the study.
Complete participant details were recorded in a predesigned proforma. The study was approved by the
Institutional Ethics Committee of the ICMR- Regional
Medical Research Centre, Dibrugarh, Assam.
Study participants: Healthy adults aged ≥15 yr suitable
for vaccination as per the government’s programme
and residing in the study locations were eligible for the
study. The exclusion criteria included: any vaccination
in the four weeks prior to the study; history of seizures,
allergic disease or reactions likely to be exacerbated
by any component of the vaccine; immunodeficiency,
HIV; any major congenital abnormality requiring
surgery or chronic treatment and a history of
documented suspected encephalitis or meningitis. All
the adults at the study sites were identified through
a door-to-door survey. The entire adult population
of 1293 participants of the two villages voluntarily
agreed to participate in the study. However, among
them, 1075 participants turned up for vaccination at the
government vaccination booths and were subsequently
followed up after vaccination.
Immunogenicity assessment: Blood samples (4 ml)
for immunogenicity were collected before vaccination
(day 0) and post-vaccination (PV) on 28 days, six
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and 12 months. Serum samples were separated,
appropriately labelled and stored at -70°C until further
processing. Serum samples were tested for JE virus
neutralizing antibody titre (NAT) by plaque reduction
neutralization test (PRNT)12. BHK-21 cell line and an
Indian JEV strain (GP 057434), both received from
ICMR-National Institute of Virology, Pune, India were
used for the assay. Initially, the serum samples were
heat inactivated for 30 min at 56°C. The 4-fold diluted
serum samples (1:10, 1:40, 1:160, 1:640) were mixed
with 100 plaque-forming units of JEV strain, and
infectivity was determined in pre-seeded BHK 21 cell
monolayer. The serum dilution that showed a 50 per
cent neutralizing dose was considered the neutralizing
end point12.
Safety assessment: Following vaccination, the
participants were observed in the vaccination
facility for local or general reactions for 30 min. The
participants were visited daily from one to seven days
PV to monitor any adverse event (AE). Further, AEs
were recorded at 14, 21, 28 days and at months six and
12 (Figure). Local reactions monitored included pain,
erythema and swelling at the injection site.
Statistical analysis: Information recorded in the
proforma was entered in Epi Info, version 7 (CDC,
USA). A cut-off value to determine seropositivity and
seroprotectivity of NAT was defined as PRNT50 ≥1013.
Seropositive participants were defined as those having
a reciprocal antibody titre above or equal to the cutoff value and seronegative participants were those
falling below the cut-off value. PRNT50 NAT≥10 in
seronegative individuals or a ≥4-fold rise in titre of
seropositive individuals at baseline was defined as
seroconverted14. The fold increase was calculated as the
individuals’ pre-vaccination (baseline) immunogenicity
value by PV value15. Subsequently, geometric mean
titre (GMT) was calculated as the antilog of the mean
of individual log-transformed titres.
Results
During October 2011, of the 1293 adults enrolled
in the study, 1075 turned up for vaccination. The ratio
of male to female was 1.04, and the median age was
33 yr (744 adults of age 15-35 yr, 411 of 36-55 yr and
138 of >56 yr) at enrolment. Among the vaccinated
individuals, 79 were lost to follow up during the 28 days
PV, 92 during six months PV and 91 during 12 months
PV. In total, 105 samples were missed in at least one
of the blood collection drives. Therefore, of the 1075
individuals, only 970 participants from whom all four

Sivsagar district, Assam

Two contiguous villages of Demow PHC

1293 adults (≥15 and ≤ 65 yr) enrolled

1075 adults vaccinated

970 adults completed 12 months of the study

Days of study

Safety evaluation, AE

-7 to 0



1-7



14 (±2)



Blood collection for
immunogenicity study


21 (±2)



28 (±2)





6 month (±7 days)





12 month (±14 days)





Observation of
adverse events

Seroconversion,
calculation of GMT (95%
CI), and seroprotection rates

Figure. Study profile and disposition of participant; PHC, primary
health centre; AE, adverse events; GMT, geometric mean titre; CI,
confidence interval.

blood samples could be collected, were considered as
the final study participants for the immunogenicity
study.
Immunogenicity results: The participants were
categorized into three groups based on the prevaccination PRNT50 titre, namely, seronegative
(titre ≤10), moderately seropositive (titre 10.1-90)
and strongly seropositive (titre ≥90.1) individuals.
Seronegative individuals comprised 9.27 per cent
(90/970) of the study population as compared to 24.53
per cent (238/970) of moderately seropositive and
66.18 per cent (642/970) of strongly seropositives.
Seroprotection in the seronegative group was observed
in 85.5 per cent (77/90) of the participants at 28 days
PV (Table I). The GMT before vaccination ranged
from 6.22 to 373.82 (Table II). All participants at 28
day follow up had an increase in GMT. However, the
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Table I. Frequency distribution of antibody response
Days post vaccination

Negative (n=90)

Mild positive (n=238)

Strong positive (n=642)

Positive

77 (85.5)

230 (96.6)

640 (99.6)

Negative

13 (14.4)

8 (3.3)

2 (0.3)

Positive

67 (74.4)

223 (93.6)

635 (98.9)

Negative

23 (25.5)

15 (6.3)

7 (1.0)

Positive

61 (67.7)

227 (95.3)

639 (99.5)

Negative

29 (32.2)

11 (4.6)

3 (0.4)

Day 28 (%)

Day 180 (%)

Day 365 (%)

Values in parentheses are percentages

GMTs were found to show a downwards trend by six
months PV. The GMTs at 12 months PV were found to
further decline in all the three groups. The titres were
however, consistently maintained above the protective
threshold (≥10) till the end of the study period. Fold
changes in GMT on day 28 PV were also monitored
(Table III). It was observed that 142 of 238 (60%)
moderately positive participants and 43 of the 642
(6.7%) strongly positive participants exhibited a 4-fold
rise in GMT after 28 days PV. Nearly 95.5 per cent
[95% confidence interval (CI): 94.2-96.8] maintained
the protective antibody titre up to 12 months PV.
Safety results: Among the vaccinated participants,
only four individuals (3 female, 1 male) showed
minor symptoms such as erythema, rash, irritability,
nasopharyngitis and fever within 28 days of
observation period. Mild severity was observed
after administration of the vaccine in the individuals
reporting AE. One participant showed grade 3
(>10 cm diameter) erythema, rash, irritability and
nasopharyngitis while another participant showed
dizziness within 30 min of vaccination. One participant
developed grade 2 fever (38.5-38.9°C) on 0 and 1
day PV while another participant reported grade 2
erythema (5.1-10 cm diameter), rash and irritability
on day 28 of vaccination. There were no reports of
serious AE or drug withdrawal during the study period.
However, seven deaths were recorded at one year PV
period (Table IV).
Discussion
Vaccination plays an important role in the control
of JE. However, it has been reported that half of the 24
endemic countries do not have routine JE immunization
programmes16. Lack of vaccination programmes
has led to high mortality and morbidity in endemic

Table II. Geometric mean titre (GMT) of three groups
(seronegative, moderately seropositive and strongly
seropositive) during pre‑ and post‑vaccination at different
study intervals
GMT
<10 (negative)
(n=90)

10.1‑90
(moderately
positive) (n=238)

90+ (strongly
positive) (n=642)

Days

Mean (GMT)

95% CI

0

6.22

5.92‑6.55

28

63.58

45.37‑89.12

180

33.94

25.03‑46.01

365

32.33

23.15‑45.14

0

36.62

35.82‑41.64

28

165.24

140.31‑194.59

180

100.42

85.02‑118.61

365

93.40

78.99‑110.45

0

373.82

352.85‑396.03

28

450.51

419.92‑483.32

180

351.61

324.81‑380.62

365

320.15

295.86‑346.44

GMT, geometric mean titre; CI, confidence interval

areas. Implementation of JE vaccination in routine
immunization programmes in India and in other Asian
countries has largely contributed in reducing the disease
burden in children, although in India, this situation is
further complicated by the increasing number of cases
in adult age group in different states17,18.
This study established the hypothesis that a
single dose of the LAJEV in adults of Assam, India,
provided considerable safety and immunogenicity. The
most accepted test to measure the functional antibody
to neutralize a virus is PRNT50 which was used in
this study as recommended by the World Health
Organization PRNT50 titre of ≥10 as a threshold of
protection from JE in humans13. The vaccine elicited
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Table III. Fold changes and 4‑fold rise by 28 days post‑vaccination

Group

Fold change

0‑10 (negative)

Total

0 to <2

2 to <4

4 and more (%)

23

10

57 (63.3)

90

10.1‑90 (moderately positive)

67

29

142 (59.7)

238

90+ (strongly positive)

481

118

43 (6.7)

642

Total

571

157

242 (24.9)

970

Table IV. Details of deaths occurred during the study period
Death cases

Age (yr)

Sex

Report of death since vaccination (months)

Locality

Cause of death

1

41

Male

2

42

Male

6

Hiloidhari

Hypertension

6

Khongia

Liver cirrhosis

3

50

4

31

Male

6

Khongia

Chronic liver disease

Male

6

Khongia

Unnatural

5

62

Male

12

Hiloidhari

Hypertension

6

58

Female

12

Khongia

Anaemia

7

65

Male

12

Khongia

Hypertension

high immunogenicity showing seroprotection rates of
85.5 per cent after 28 days of a single dose. The findings
showed better immunogenicity than a previous report
of 79.63 per cent seroprotection rate 28 days PV in
adults (≥18 to ≤50 yr) in Indian population19. However,
seroprotection rate at 28 days PV in 10-month old
children in Philippines was 92.1 per cent, and in 1012 month old children in Bangladesh, the rates ranged
from 80.2 to 86.3 per cent which was consistent with
our study20,21. Four-fold rise was observed for 60 per
cent moderately positive individuals after 28 days
PV. As expected, strongly seropositive participants
showed the least antibody rise. A considerable subset
of the seropositive individuals showed a four fold rise
in titre. This indicated that the vaccination induced a
booster effect on the pre-existing response without any
negative interference.
A total of 95.5 per cent of the individuals
maintained the protective antibody titre up to 12
months PV. This finding was similar to earlier
studies conducted in Korea and Nepal where children
and adolescents showed 93.9 and 98.5 per cent,
respectively, protective antibody 12 months PV9,22.
The immunogenicity dropped from 63.58 per cent
at 28 days PV to 33.94 per cent at six months PV
and 32.33 per cent at 12 months PV in seronegative
individuals. Similar trend was also observed in GMTs
of moderately and strongly positive individuals. In a
clinical trial study in Thailand, similar immunogenicity

drop was observed23. Thus, these results may suggest
that the immune response reaches a plateau phase.
In this study, the vaccine was well tolerated and
found safe. Systemic reactions for all cases were
mild and resolved concurrently. Events as rare as
3 in 10,000 were detected in a short-term safety
study conducted in China in children24. However, in
children in the age group of nine months to six years,
LAJEV had demonstrated local and systemic AEs14,25.
Following vaccination, no reports of meningitis or
encephalitis were observed in our study. Although all
districts, including Sivasagar district in upper Assam,
are endemic to JE, no JE cases were reported during
the study. During the study period, seven deaths were
recorded. The causal relationship was improbable due
to the following reasons: the first death was recorded
six months after the vaccination campaign; six cases
suffered from chronic liver disease, hypertension or
anaemia; one died of unnatural death. These cases were
apparently healthy and did not complain of any ailment
at the time of enrolment in the study. Previous studies
have reported two deaths and encephalitis case following
the administration of LAJEV but were non-conclusive
and judged as unrelated to the vaccine26,27. Therefore,
vigilant surveillance and complete investigations of any
event following vaccination should be emphasized.
Our study had some limitations. The possibility
of selection bias due to attrition cannot be neglected.
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Moreover, as people who voluntarily provided written
informed consent were included in the study, the
possibility of selection bias and lack of generalization
to all tea workers need to be recognized. Though
severe AEs were not found during the study, prolonged
monitoring of vaccines would be required. The
methodological differences of titre calculations along
with the age differences in studies conducted till now
would possibly reflect the antibody response and
cannot be directly compared with our study28. The
immune status and genetic aspect of the 25 per cent of
the seronegative individuals who did not seroconvert
require further study. Future study is essential to address
the long-term protection and vaccine effectiveness of a
single dose of this vaccine.
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