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Live attenuated and vero-cell-inactivated Japanese Encephalitis vaccines (LJEV, IJEV) have been in
common use in young children in China since 1989 and 2004, associated with large reductions in
Japanese encephalitis (JE) incidence. In 2013, northern China reported JE outbreaks among adults
born before JE vaccine availability, a trend thatworsened in 2017–2018.We conducted an open-label,
randomized, controlled trial (ChiCTR2500103235) to assess the immunogenicity, immune
persistence, and safety of three JE vaccine schedules in 40–69-year-olds to provide evidence for adult
targeted JE immunization efforts. Outcomes were seroconversion proportions and seropositive
prevalences; adverse events were monitored. The vaccines were immunogenic with no significant
difference between vaccination groups. Seropositivity remained above 80% at one year post-
vaccination. No serious adverse events occurred. All three schedules had good, persistent
immunogenicity and favorable safety profiles in 40–69-year-old adults, providing evidence supporting
vaccinating adults in response to the emergence of adult JE in northern China.

Japanese encephalitis (JE) is a vector-borne zoonotic disease that is trans-
mitted by Culex mosquitoes and can cause severe illness with high risk of
long-term sequelae and a high case fatality rate, especially among children1.
JE is seen in the Western Pacific and Southeast Asia World Health Orga-
nization (WHO) regions and is an important cause of viral encephalitis in
Asia. JE has been recognized as an emerging infectious disease in several
countries, notably Australia and Nepal, occurring in epidemics2–4. Through
mosquitomonitoring and JE surveillance, countries have foundGenotypeV
JE virus circulating, which may cause new threats5.

JE is vaccine-preventable, and JE vaccine is the most effective and
economical measure to prevent JE, as has been shown by rigorous eva-
luations of JE vaccination of children6,7. There are two types of JE vaccine
licensed in China - one is a live, attenuated, SA14-14-2 strain JE vaccine
(LJEV),manufactured in China and prequalified byWHOsinceOctober
2013. LJEV is used in China and other Asian countries, including

Nepal8,9, South Korea10,11, and Sri Lanka12,13. The other JE vaccine is an
inactivated, Vero cell-derived P3 JE vaccine (IJEV) that is also manu-
factured and used in China and has been exported to Thailand14,15. In
addition, several JE vaccines developed outside China, such as the
inactivated Vero cell-derived SA 14-14-2 vaccine (IXIARO®)16, and a
live attenuated chimeric JE vaccine, have been used in both children and
adults17. These vaccines provide important references for JE vaccination
strategies globally.

China introduced JE vaccine into theNational ImmunizationProgram
(NIP) at the endof 2007with implementation starting in 2008. LJEVis given
in a two-dose schedule at 8 months and 2 years of age. IJEV is given in four
doses, with two doses at 8 months with a 7–10-day interval, followed by
doses at two and six years of age. Since introduction into the national
program, the incidence of JE in children under 15 years of age declined
markedly, from 2.59/100,000 in 2006 to 0.083/100,000 in 201918–20.
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In recent decades, however, JE is becoming an increasingly important
illness in adults. In some endemic areas, JE has become relatively more
prominent in adults because of improved JE control in children brought
about by childhood immunization programs21,22, such as in SouthKorea23,24,
Japan25, and India26.

In China in 2006, JE outbreaks began to be reported among adults in
northern provinces27. In 2013, adult JE outbreaks increased18—a trend that
accelerated in 2017 and 2018 when more than ten northern provinces
reported high numbers adult JE cases and outbreaks in which 80% of cases
were among adults over 40 years of age19. The incidence of JE in adults has
increased28,29. For example, in Ningxia province during 2008–2017, two
cases were reported in 2010, and five cases were reported in 2017. In the
summer of 2018, however,Ningxia had amajor outbreakwith 162cases and
31 deaths, in which 90% (146/162) of the cases were among adults over 40
years of age28,30,31.

National annual numbers of cases, ranging from125 in 2024 to 1800 in
2018, were reported during 2018–2024, with the incidence showing a
decreasing trend peaking at 0.13 per 100,000 population in 2018, and down
to the lowest level of 0.0089 per 100,000 population in 2024. In 2019, we
conducted a vaccination campaign among 40–70-year-old and 40–75-year-
old adults in parts of Ningxia and Gansu using one dose of LJEV before the
epidemic season. There have been no outbreaks in China since 2019.

The emergence of adult JE cases, following many years of routine JE
vaccination of children, raises the question of using JE vaccines to protect
adults. However, there is little experience with JE vaccination of adults.
Our study explored the immunogenicity, immune-persistence, and safety
of JE vaccination in adults. We evaluated seroconversion proportions,
seropositive prevalences, and safety of three JE vaccination schedules in
adults, 40–69 years of age living in a rural area: a single dose of LJEV, two
doses of IJEV in a 7-day interval, and two doses of IJEV in a 28-day
interval, comparedwith an unvaccinated control group.We report results
of our study.

Results
Baseline characteristics
From May 20 to 31, 2020, 648 potential participants were screened for
eligibility and were recruited; 628 (96.91%) consented to participate, 471 to
the vaccination groups and 157 to the control group. Among subjects in the
vaccination groups, 161 were assigned to Group LJEV, 158 to Group IJEV-
IJEV 7-day interval, and 152 to Group IJEV-IJEV 28-day interval. Upon
enrollment, baseline blood samples were drawn and after blood draw,
participants assigned to a vaccination group received group-specific pro-
tocol vaccine. All participants completed 1-month and 1-year visits to assess
safety and immune-persistence. Second and third blood samples were
obtained from 620 participants; fourth blood samples were obtained from
618 participants (Fig. 1). Participant age, sex, and timing of blood draws and
vaccinations are shown in Table 1. There were no significant differences
among the four groups in age and sex.

Baseline antibody titers, after a 5-fold dilution, ranged from1:5 to 1:160
among study participants, and baseline seropositive prevalencewas 55.86%.
By study group, SPPs for LJEV, IJEV-IJEV7-day interval, IJEV-IJEV28-day
interval, and control were 50.00% (80/160), 54.84% (85/155), 61.84%
(94/152) and 57.05% (89/156), respectively. The baseline mean GMT and
95%confidence interval (CI)was 12.20 (95%CI: 11.30–13.18), ranging from
11.59–12.85 by study group, with no statistically significant differences by
group (F = 0.29, P = 0.83) .

Immunogenicity outcomes
Twenty-nine days after completion of a single dose of LJEV or two doses of
IJEV, and on day 58 after enrollment in the control group, the SCPs for
Group LJEV, Group IJEV-IJEV 7-day interval, Group IJEV-IJEV 28-day
interval, and Group Control were 39.87%, 37.75%, 39.86% and 10.97%,
respectively; SPPs were 79.75%, 80.79%, 85.81%, and 65.16%, respectively;
GMTs were 25.13, 30.23, 27.92 and 15.50, respectively. Immunogenicity
outcomes are shown in Table 2, Table 3 and Fig. 2.

There were no significant differences among the three vaccinated
groups, and the three vaccinated groups all had higher SCPs, SPPs, and
GMTs than the control group (all P < 0.0001).

Seroconversion proportions were determined for one dose of both
vaccines. Eight days after the first dose in Group LJEV and Group IJEV-
IJEV 7-day interval, SCPs were 25.64% and 23.65%, respectively; SPPs
were 68.59% and 75.68%; and GMTs were 20.20 and 21.66. For Group
LJEV and Group IJEV-IJEV 28-day interval, on day 29, after one dose in
these two groups, respective SCPs were 39.87% and 28.57%; SPPs were
79.75% and 81.63%; andGMTswere 25.13 and 21.98 (Table 2). There was
no significant difference in SCP and GMT on day 8 between one dose of
LJEV and IJEV. SCPs of one dose of LJEV on day 29 was statistically
significantly higher than one dose of IJEV (P = 0.034), as were the
GMTs (P = 0.014).

Seropositivity and seroconversion were determined by age group.
Baseline SPPs among individuals aged 40-49, 50-59, and 60-69 years old
were 43.28%, 56.60%, and 67.14%, respectively. Trend test (Z =−4.8656,
P < 0.0001) indicates a significant trend in SPP by age group. Corre-
sponding GMTswere 9.40, 12.82, and 14.19. For Group LJEV, respective
SCPs after 29 days were 56.86%, 38.89%, and 24.53% among individuals
aged 40–49, 50–59, and 60–69 years old; SPPs were 78.43%, 81.48%, and
79.25%. For Group IJVE-IJEV 7-day interval, SCPs after 29 days were
44.90%, 37.5%, and 31.48%among individuals aged 40–49, 50–59, 60–69
years old; SPPs were 81.63%, 77.08% and 80.79%. For Group IJEV-IJEV
28-day interval, SCPs after 29 days were 46.81%, 50.00%, and 23.53%
among individuals aged 40–49, 50–59, 60–69 years old; SPPs were
85.11%, 90.00% and 82.35%. For the control group, SCPs on day 58 were
16.98%, 5.77% and 10.00% among individuals aged 40–49, 50–59, 60–69
years old; SPPs were 45.28%, 75.00% and 76.00%, respectively. Age-
group results are shown in Table 2, Table 3 and Fig. 2. GMTs by time are
shown in Table 3.

Immune persistence was assessed at one year post vaccination or
enrollment (for the control group). Seropositive proportions at one year for
Group LJEV, Group IJEV-IJEV 7-day interval, Group IJEV-IJEV 28-day
interval, and control group were 81.29%, 81.69%, 85.91% and 69.43%,
respectively; corresponding GMTs were 25.13, 30.23, 27.92 and 15.50.
Vaccinated groups were significantly higher than the unvaccinated control
group (P < 0.001).

Seroconversion proportions by baseline serostatus (seropositive and
seronegative) were assessed in a post-hoc analysis. For Group LJEV, SCP
at day 8 post-vaccination was 37.66% for pre-vaccination seronegative
subjects and 14.10% for pre-vaccination seropositive subjects, and at day
29 post-vaccination, respective SCPs were 60.26% and 20.25%, respec-
tively. ForGroup IJEV-IJEV7-day interval, SCPat day 8 after thefirst dose
was 43.75% for pre-vaccination seronegative subjects and 8.64% for ser-
opositive subjects, and at 29 days after the second dose, respective SCPs
were 54.69% and 26.19%. For Group IJEV-IJEV 28-day interval, SCP at
day 29 after thefirst dosewas 51.79% for pre-vaccination seronegative and
14.29% for seropositive subjects, and 29 days after the second dose,
respective SCPs were 62.50% and 26.09%. For the control group, SCPs at
day 29 for pre-seronegative and seropositive subjects were 15.38% and
3.37%, respectively, while at day 58 they were 19.40% and 4.60%. Results
are shown in Fig. 3. Statistically significant differences were observed in
SCP between pre-vaccination seronegative and pre-vaccination ser-
opositive subjects across all four groups (for the control group, pre-
vaccination corresponds to day 0, and post-vaccination corresponds to
day 29 or 58).

Safety
The vaccines used in this study were well tolerated, and no severe adverse
events or deaths were reported. For groups LJEV, IJEV-IJEV 7-day interval,
IJEV-IJEV 28-day interval, 2.01%, 2.80% and 0.71%, had adverse events
after the first dose. After a second dose of IJEV, 2.27% and 0 had adverse
events (Table 4). The most common adverse events were local injection site
reactions including induration, redness, pain, and swelling.
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Discussion
Our randomized, open-label, controlled clinical trial found that in 40–69-
year-old adults with a baseline JE seropositivity of 56%, seroconversion
proportions 29 days after receiving one dose of LJEV or two doses of IJEV
given at either a 7-day or 28-day interval were similar, with no statistically
significant differences by schedule. Among baseline seronegative indivi-
duals, seroconversion proportions in the three schedules were similar,
ranging from 55% to 63%. One year after vaccination, seropositive pro-
portions were sustained above 80% in the three vaccinated groups,

significantly higher than the unvaccinated control group at 65%. Both live
and inactivated vaccines were well tolerated in the three schedules, and no
vaccine-related serious adverse events were reported. Study results provide
evidence that vaccination of adults against JE can safely raise population
immunity and may therefore have a role in mitigating the contemporary
emergence of adult JE cases and outbreaks.

Our study was set in Ningxia, which had an outbreak of JE primarily
among adults in 2018, two years prior to our study. The baseline ser-
opositivity in the adults in our study was 56%, indicating that much of the

Fig. 1 | Trial profile. This figure represents the flow of participants through the
clinical trial evaluating various vaccination strategies, with stratification by age
group and allocation into four groups. Each group is represented by a different color
frame for clarity: Group LJEV (red), Group IJEV-IJEV with 7-day interval (blue),

Group IJEV-IJEV with 28-day interval (green), and Group Control (yellow). The
black arrow on the left side and the color-coded lines guide the reader through the
timeline and of interventions and assessments.
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Table 1 | Characteristics of participants and vaccination status

LJEV group IJEV-IJEV with 7 days interval group IJEV-IJEV with 28 days interval group Control group

N 161 158 152 157

Age (years)

mean ± SD 55.00 ± 8.63 54.37 ± 9.33 54.82 ± 8.10 54.29 ± 9.56

Age groups (years)

40–49 [n (%)] 51 (31.68) 51 (32.28) 49 (32.24) 53 (33.76)

50–59 [n (%)] 55 (34.16) 53 (33.54) 52 (34.21) 52 (33.12)

60–69 [n (%)] 55 (34.16) 54 (34.18) 51 (33.55) 52 (33.12)

Gender

Male [n (%)] 56 (34.78) 56 (35.44) 68 (44.74) 49 (31.21)

Female [n (%)] 105 (65.22) 102 (64.56) 84 (55.26) 108 (68.79)

Interval between doses (days)

median (min, max) 0 (0, 0) 8 (7, 8) 29 (8, 30) 0 (0, 0)

Days from the first dose to the first blood sample

median (min, max) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0)

Days from the first dose to the second blood sample

median (min, max) 8 (8, 8) 8 (8, 8) 29 (8, 30) 21 (21, 21)

Days from the last dose to the third blood sample

median (min, max) 29 (29, 29) 29 (21, 30) 29 (28, 29) 29 (29, 29)

Days from the last dose to the fourth blood sample

median (min, max) 510 (510, 519) 502 (502, 511) 481 (480, 503) 482 (481, 492)

Table 2 | Seropositive prevalences and seroconversion proportions at different time points before and after immunization in
different age groups and total participants

Groups Sampling
time points

40–49 years old 50–59 years old 60–69 years old Total

N No. of
SPa (%)

No. of
SCb (%)

N No. of
SPa (%)

No. of
SCb (%)

N No. of
SPa (%)

No. of
SCb (%)

N No. of
SPa (%)

No. of
SCb (%)

LJEV Day 0 51 18(35.29) — 55 27(49.09) — 54 35(64.81) — 160 80(50.00) —

Day 8
after Dose1

49 28(57.14) 13(26.53) 54 41(75.93) 17(31.48) 53 38(71.70) 10(18.87) 156 107(68.59) 40(25.64)

Day 29
after Dose1

51 40(78.43) 29(56.86) 54 44(81.48) 21(38.89) 53 42(79.25) 13(24.53) 158 126(79.75) 63(39.87)

1 year later 50 38(76.00) — 50 42(84.00) — 55 46(83.64) — 155 126(81.29) —

IJEV-IJEV
(7 days)

Day 0 49 25(51.02) — 53 24(45.28) — 53 36(67.92) — 155 85(54.84) —

Day 8
after Dose1

46 34(73.91) 11(23.91) 51 36(70.59) 14(27.45) 51 42(82.35) 10(19.61) 148 112(75.68) 35(23.65)

Day 29
after Dose2

49 40(81.63) 22(44.90) 48 37(77.08) 18(37.50) 54 45(83.33) 17(31.48) 151 122(80.79) 57(37.75)

1 year later 48 39(81.25) — 49 39(79.59) — 45 38(84.44) — 142 116(81.69) —

IJEV-IJEV
(28 days)

Day 0 49 27(55.10) — 52 33(63.46) — 51 34(66.67) — 152 94(61.84) —

Day 29
after Dose1

46 39(84.78) 21(45.65) 52 43(82.69) 11(21.15) 49 38(77.55) 10(20.41) 147 120(81.63) 42(28.57)

Day 29
after Dose2

47 40(85.11) 22(46.81) 50 45(90.00) 25(50.00) 51 42(82.35) 12(23.53) 148 127(85.81) 59(39.86)

1 year later 47 40(85.11) — 52 47(90.38) — 50 41(82.00) — 149 128(85.91) —

Control Day 0 52 17(32.69) — 52 36(69.23) — 52 36(69.23) — 156 89(57.05) —

Day 29 52 24(46.15) 9(17.31) 51 39(76.47) 3(5.88) 52 37(71.15) 1(1.92) 155 100(64.52) 13(8.39)

Day 58 53 24(45.28) 9(16.98) 52 39(75.00) 3(5.77) 50 38(76.00) 5(10.00) 155 101(65.16) 17(10.97)

1 year later 53 27(50.94) — 52 39(75.00) — 52 43(82.69) — 157 109(69.43) —

Total Day 0 204 87(43.28) 212 120(56.60) 212 141(67.14) 628 348(55.86)
aSP stand for seropositive.
bSC stand for seroconversion.
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Table 3 | Antibody GMT at different time points before and after immunization in different age groups and all participants

Group Sampling
Time points

40–49 years old 50–59 years old 60–69 years old Total

N GMT
(1/)

95% CI N GMT
(1/)

95% CI N GMT
(1/)

95% CI N GMT
(1/)

95% CI

LJEV Day 0 51 8.50 6.71–10.75 55 12.55 9.28–16.97 54 14.32 10.94–18.75 160 11.59 9.90–13.56

Day 8
after Dose1

49 14.24 10.45–19.42 54 21.05 15.25–29.06 53 21.35 15.74–28.97 156 20.20 17.60–23.20

Day 29
after Dose1

51 25.20 18.03–35.21 54 26.19 18.83–36.41 53 23.25 16.78–32.22 158 25.13 21.51–29.35

1 year later 50 19.72 14.26–27.29 50 23.62 16.99–32.84 55 25.41 18.91–34.15 155 22.87 19.12–27.36

IJEV-IJEV
(7 days)

Day 0 49 11.52 8.67–15.31 53 10.27 7.90–13.34 53 17.78 13.28–23.81 155 12.85 10.92–15.11

Day 8
after Dose1

46 22.22 15.84–31.19 51 16.54 12.48–21.91 51 27.71 20.85–36.84 148 21.66 18.22–25.75

Day 29
after Dose2

49 31.45 22.14–44.67 48 22.13 15.96–30.68 54 38.49 27.30–54.27 151 30.23 24.85–36.78

1 year later 48 27.09 19.19–38.23 49 19.44 14.27–26.49 45 41.25 28.46–59.80 142 27.60 22.63–33.67

IJEV-IJEV
(28 days)

Day 0 49 10.73 8.32–13.84 52 12.88 9.63–17.24 51 13.12 10.32–16.69 152 12.22 10.53–14.19

Day 29
after Dose1

46 25.45 18.71–34.62 52 21.96 16.33–29.52 49 19.17 14.76–24.90 147 21.98 18.66–25.89

Day 29
after Dose2

47 26.86 19.24–37.49 50 34.47 24.93–47.66 51 23.54 17.74–31.24 148 27.92 23.36–33.38

1 year later 47 22.84 16.94–30.80 52 24.43 17.98–33.19 50 23.62 17.75–31.43 149 23.65 19.99–27.97

Control Day 0 52 7.56 6.19–9.23 52 16.38 12.29–21.82 52 14.72 11.51–18.82 156 12.21 10.52–14.18

Day 29 52 10.13 7.90–13.00 51 18.69 14.13–24.7 52 14.72 11.51–18.82 155 14.05 12.08–16.34

Day 58 53 10.13 7.94–12.93 52 20.27 15.21–27.01 50 18.40 14.02–24.15 155 15.50 13.22–18.17

1 year later 53 10.82 8.35–14.01 52 20.00 14.84–26.96 52 19.22 15.07–24.5 157 16.04 13.7–18.77

Total Day 0 201 9.40 8.32–10.61 212 12.82 11.13–14.77 210 14.91 13.10–16.97 623 12.20 11.30–13.18

Fig. 2 | Neutralizing antibody titers against JE virus before and after vaccination
in vaccination groups and the unvaccinated control group.TheWHO reference is
a live viral neutralizing antibody titer of 1:10 against JE virus. A Group LJEV,

BGroup IJEV-IJEVwith a 7-day interval,CGroup IJEV-IJEVwith a 28-day interval,
and D Unvaccinated control group.
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population in rural areas may have had asymptomatic JE virus infection.
This seropositivity is lower than the 82% among >40 years old in endemic
parts ofGuizhou province in 201732, lower than the 83%among 35–44 year-
olds and 70%among≥45-year-olds inYiwuprefecture of Zhejiang province
in 2015–201633, and lower than the 74% among ≥40-year-olds in Yanqing
district of Beijing in 201734. Typical epidemic JE areas in China are the rice-
producing regions south of the Yellow River. JE occurs in northern China,
but northern China has been considered a low-endemic area. Unlike
populations in endemic regions, where most people have experienced
asymptomatic infection, there is a significant number of susceptible indi-
viduals among adults in low-endemic areas.

China started universal childhood immunization against JE in 2007,
and subsequently, nationwide incidence of JE decreased markedly. How-
ever, there is large number of susceptible individuals who were born before
introduction of JE vaccines and have neither been vaccinated nor naturally
infected. In recent years, due to changes in climatic and meteorological
factors35,36, somepreviously low-endemic areas innorthernChina, have seen
a rise in JE cases, resulting in a disease pattern predominantly affecting
adults.

In our study, the relatively high baseline seroprevalence will lead to
lower seroconversion proportions in the per protocol analysis since most
seropositive subjects would not increase NAb titers four-fold, as they are
already immune. However, when analysis of seroconversion is restricted to
baseline seronegative subjects, seroconversion proportions were much
higher, approximately 60% compared to an overall (baseline seropositive
and seronegative) seroconversion of about 30%. The same phenomenon
was found in a JE vaccine immunogenicity study conducted in India, in
which the SCRs in low-endemic, moderate-endemic, and high-endemic
participants aged 15–65 years old were 86%, 60%, and 7%, respectively37.
Pre-existing immunity impact on antibody response is seen with other
vaccines, such as influenza vaccine38.

The seroconversion proportion among baseline seronegative indivi-
duals who received one dose of LJEV was 60%, which is consistent with
another study done in Ningxia that showed an SCP from LJEV among
41–70-year-olds of 54%39. The finding is also consistent with a study in
South India that found that ten out of 16 (63%) participants seroconverted
to LJEV40. A study conducted in India found a seroconversion rate after one
dose of LJEV given to 90 initially seronegative 15–65-year-olds to be
85.5%37. This rate is significantly higher than found in our study, likely
because the median age in that study was 33 years. Our study found a

Fig. 3 | SCP levels 29 days after the full schedule in
seronegative and seropositive participants.
A Group LJEV (on day 29), B Group IJEV-IJEV 7-
day interval (on day 37),CGroup IJEV-IJEV 28-day
interval (on day 58), and D control group
(on day 58).

Table 4 | Adverse event after the first dose or second dose of
LJEV and IJEV

Safety The first dose
No. of cases (case reporting
proportion %)

The second dose
No. of cases (case
reporting
proportion %)

LJEV
(n = 149)

IJEV-
IJEV 7
(n = 143)

IJEV-
IJEV 28
(n = 141)

IJEV-
IJEV 7
(n = 132)

IJEV-
IJEV 28
(n = 139)

SAE at 30min

Temperature,
mean (SD)

36.57 (0.22) 36.56
(0.25)

36.57
(0.26)

36.54
(0.24)

36.46
(0.24)

Any local
reaction

0 0 0 2 (1.52) 0

Pain 0 0 0 2 (1.52) 0

Grade 1 0 0 0 2 (1.52) 0

Any systematic
reaction

2 (1.34) 0 0 0 0

Fever 2 (1.34) 0 0 0 0

Grade 1 2 (1.34) 0 0 0 0

SAE at one montha

Any local
reaction

1 (0.67) 2 (1.40) 0 0 0

Pain 1 (0.67) 1 (0.70) 0 0

Grade 1 0 1 (0.70) 0 0 0

Grade 2 1 (0.67) 0 0 0 0

Redness 1 (0.67) 1 (0.70) 0 0 0

Grade 1 0 1 (0.70) 0 0 0

Grade 4 1 (0.67) 0 0 0 0

Any systematic
reaction

1 (0.67) 2 (1.40) 1 (0.71) 1 (0.76) 0

Temperature 1 (0.67) 1 (0.70) 0 1 (0.76) 0

Grade 2 1 (0.67) 1 (0.70) 0 1 (0.76) 0

Other 0 1 (0.70) 1 (0.71) 0 0

Grade 1 0 0 1 (0.71) 0 0

Grade 2 0 1 (0.70) 0 0 0

aForGroup IJEV-IJEV7days interval, adverse events after the first dosewere recordedwithin 7days
post-vaccination.
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seroconversion rate of 63% in initially seronegative individuals aged 40–69
years who received two doses of inactivated JE vaccine in a 28-day interval.
This finding is consistent with a study conducted in Germany andAustria16

that showed a SCP from 2 doses of Vero cell SA14-14-2 inactivated JE
vaccine (IXIARO) with 28 days interval to be 65% among 65-74-year-old
participants. Although IXIARO is different from our study IJEV, the con-
sistency is reassuring.

An observation in our study was that baseline seropositivity
increased with increasing age. At baseline, among 40–49-, 50–59-, and
60–69-year-olds seropositivity rateswere 43%, 57%and 67%, respectively.
This observation implies that Zhongwei prefecture has ongoing JE virus
transmission. The increase in seropositivity that we saw in the unvacci-
nated control group between day 0 and one year also likely reflects
ongoing infection. Although no official outbreak was reported in our
study area in 2020, in 2018, 2019, and 2020, there were 162, 3, and 2 cases
reported from Ningxia, respectively, indicating ongoing local transmis-
sion. The high short-term SCP (15.38% at day 29) reflects high seasonal
transmission or background exposure, consistent with findings from
another study done in Ningxia39. Since baseline seropositivity increased
with age, the decreasing seroconversion rate with older age subjects
cannot indicate that there is a true difference in seroconversion in older
individuals, and these age subgroup results are descriptive and not
intended to support statistical comparisons.

We found that aftermore thanone year of follow-up, seropositivitywas
well kept, as the three vaccinated groups all sustained SPP over 81%. Thus,
immuno-persistence for one dose of LJEV and two doses IJEV given in an
interval of either seven or 28 days can last at least one year.

The safety and reactogenicity profile for a single dose of LJEV was
similar to that of two doses of IJEV. Both vaccines have been in use for
decades in China among children and are considered safe. Passive post
marketing surveillance of Japanese encephalitis vaccination inChina among
children between 2008 and 2022 has found no safety concerns. As expected,
the active adverse event monitoring we used in our study found a higher
prevalence of adverse events than were identified in passive post marketing
surveillance.

Another vaccination schedule consideration is the potential influence
of the interval between doses. A hypothesis is that longer intervals may
increaseGMTs. Fromour studywecould see that theGMTs ingroups IJEV-
IJEVwith 7days and28days interval after 29dayswith full vaccinationwere
30.23 and 27.92, respectively. That theGMTswere similar is consistent with
a study done in Germany, Austria, and Switzerland41. A commentary by
Rodriges and Plotkin42 discussed what can be learned from other vaccines
about the influence of interval on vaccination response. For example, they
describe that in an elderly population, varicella zoster virus (VZV) vaccines
given with longer intervals between doses may not enhance antibody levels
but are non-inferior to short intervals. Therefore, under different circum-
stances, it may be important to consider the potential benefits of short-term
versus long-term protection in an elderly population.

Both live and inactivated JEvaccines—whethermanufactured inChina
or outside China—showed seroconversion rates of approximately 60% in
seronegative elderly individuals, significantly lower than the 70–100%
observed 28 days after primary vaccination (one dose of live or two doses of
inactivated vaccines) in children7,43–45. This age-related decline in immu-
nogenicity alignswith trends seenwith other vaccines.However, as has been
seen with recombinant zoster vaccine providing superior and longer
duration protection against shingles in the elderly than zoster vaccine live46,
protection of elderly from JEmay be able to be enhancedwith new-platform
vaccines.

To prevent JE outbreaks in northern China, we conducted a JE vac-
cination campaign using one dose of LJEV in parts of Ningxia (excluding
Zhongwei prefecture) and Gansu province among 40–70-year-olds and
40–75-year-olds, respectively, in rural areas in 2019 before the epidemic
season; there have been no JE outbreaks since 2019 in China. However,
immunogenicity and persistence from JE vaccination of adults needs
additional study.

Our study has program implications. Since JE vaccination of adults is
safe and effectively raises population immunity against JE virus, immuni-
zation programs can consider vaccination of adults to partly mitigate
emergence of adult JE cases and outbreaks. Since seroconversion 29 days
after a single dose of LJEV is higher than after one dose IJEV, one dose of
LJEV could be prioritized during emergency vaccination of adults in an
outbreak setting. If there are concerns about coincidental adverse events,
two doses of IJEVwith a 7-day interval can be considered since the number
of coincidental events increases as a direct function of time. Since there were
no significant differences in seroconversion after 29 days following two
doses of IJEV given at seven- or 28-day intervals, with both schedules
leading to seropositive proportions over 80%and sustained for a year, adults
receiving two doses of IJEV can choose an interval of 7 to 28 days in non-
emergency situations.

Strengths of our study include random assignment to vaccination
schedule through age-stratified sequential allocation, use of a concurrent
control group, and high retention rates of study participants. The control
group provided evidence of ongoing infection in the study area, which is
essential to properly control for natural infections in the study area during
the study period. Laboratory testing conformed to WHO standards.
Duration of seropositivity was assessed a year after vaccination.

Our study has limitations. The study population focus was on 40–69
years old who mainly lived in rural areas; other populations will have dif-
ferent infection risk factors. Our trial was conducted in a JE-endemic area
with relatively high seropositivity at baseline. Therefore, results may differ if
seroconversion is studied in lowor non-endemicpopulations.However, our
post-hoc analysis restricted to baseline seronegative individuals provides
evidence of good seroconversion in an infection-naïve population. The
observationperiodwas limited tooneyear; a longerduration study isneeded
to assess longer-term immune persistence in adults. The sample size in this
studywas too small todetect rare serious adverse events, particularly inolder
adults (≥60 years), who may be at higher risk for such events with LJEV. If
these vaccines are used in emergency settings, especially among older
individuals, active surveillance for serious adverse events should be
conducted.

In conclusion, we found that adults aged 40-69 years seroconverted
equally well to one dose of LJEV or two doses of IJEV given at 7- or 28-day
intervals. Seroconversion proportions were high among baseline negative
individuals, which is the population most in need of protection with vac-
cination. No safety concerns were identified with the vaccines or schedules.
One dose of LJEV provided a higher seroconversion proportion at day 29
compared a single dose of IJEV, inducing immunity more rapidly. There-
fore, during emergency JE vaccination of adults, LJEV could be considered
for response in an outbreak and mass vaccination immediately before the
epidemic season in an endemic area. Use of LJEV reduces the number of
doses andvisits needed to protect. For routine vaccinationof adultswith two
doses of IJEV, there is flexibility in the inter-dose interval between 7 and
28 days.

Methods
Setting
The setting was Zhongwei prefecture in Ningxia Hui Autonomous Region,
China, selected due to its location in a high-risk area with a low reported
incidence of JE. Zhongwei city is located at the junction of Ningxia, Inner
Mongolia Autonomous Region, and Gansu Province, with an area of
17,391 square kilometers. By the end of 2023, the resident population of
Zhongwei was 1,080,600. No JE cases were reported in Zhongwei prefecture
from 2013 to 2016, while one case was reported in 2017 and five cases were
reported in 2018.

Study design and participants
The designwas an open-label, randomized, controlled phase 4 trial inwhich
age-stratified subjects were enrolled and allocated sequentially into one of
three vaccination groups, followed by enrollment of age-stratified subjects
meeting the same inclusion/exclusion criteria into a control group, to
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compare immunogenicity outcomes and assess background infections
during the study period. The vaccination groups were: one dose of LJEV
(LJEV group), two doses of IJEV given in a 7-day interval (IJEV-IJEV 7-day
interval group), and two doses of IJEV given in a 28-day interval (IJEV-IJEV
28-day interval group); the control group remained unvaccinated.

Since JE vaccines were not included in the National Immunization
Program until 2007, few adults over 40 years old have been vaccinated
against JE. The age strata for the study were 40–49 years, 50–59 years, and
60–69 years of age. Study exclusion criteria were history of JE vaccination,
history of JE disease, allergy to a vaccine component, and any condition that
may interfere with immune response. Participants unable to be followed up
were also excluded.

This study was approved by the Institutional Ethics Committee (IEC)
of theNingxiaCenter forDiseaseControl andPrevention (NCDC2020-03)
and registered at www.chictr.org.cn (ChiCTR2500103235). The study was
conducted in accordance with the Declaration of Helsinki. All participants
completed consent forms prior to enrollment.

Randomization and masking
Consenting participantswere allocated1:1:1 intoGroupLJEV,Group IJEV-
IJEV 7-day interval, and Group IJEV-IJEV 28-day interval stratified by the
three age groups (stratified randomized). Consented control group parti-
cipants were enrolled in same-age-group strata. For the vaccinated groups,
participants were first stratified by age group. Within each age stratum,
participants were then assigned to groups LJEV, IJEV-IJEV 7-day interval,
and IJEV-IJEV28-day interval in sequential order of arrival, using a rotating
allocation. For the control group, enrollment was conducted separately one
week later, with participants also stratified by age group to ensure
comparability.

Vaccinated groups enrollment was from 20–23May 2020; considering
that natural infections may occur during the epidemic season and that the
observation period of this trial was to be more than a year in duration, we
included an identically recruited control group oneweek after enrollment of
the vaccination groups. Therefore, control group enrollment was from
29–31 May 2020. Enrolling clinicians recorded participant demographic
information, including birthdate and sex.

For vaccinated groups, the order of their arrival at the study site
determined study group assignment. Local investigators did not know the
next study group for assignment prior to enrollment of a participant. Only
after study group was assigned could the local investigator know to which
group the subject was assigned. After assignment, both vaccinators and
participants were aware of group assignment based on the formulation and
route of immunization. Laboratory technicians were unaware of study
group assignments.

Procedures and vaccines
The two study vaccines were LJEV (0.5mL/dose, lot number:
201912A148-1) and IJEV (0.5mL/dose, lot number: 201905B16), man-
ufactured by Chengdu Institute of Biological Products Co., Ltd and
Chengda Biotechnology, respectively. Both vaccines are stored at 2–8 °C.

Blood draws were approximately 3.0mL each and were obtained four
times from each study participant. For Group LJEV, blood draws were on
day 0, day 8, day 29, and one year postvaccination. ForGroup IJEV-IJEV (7-
day interval), blood draws were on day 0, day 8 (immediately before the
second dose), day 37, and one year post-vaccination. For Group IJEV-IJEV
28-day interval, blood draws were on day 0, day 29 (immediately before the
second dose), day 58 and one year post-vaccination. For control group
participants, blood draws were on day 0, day 29, day 58 and 1 year post-
enrollment.

Antibody test assay
The National Institute for Viral Disease Control and Prevention, Chinese
Center for Disease Control and Prevention measured antibody titers by
using a standardized 50% plaque reduction neutralization test (PRNT50) to
measure NAb titers against JE Virus, in accordance with the WHO-

recommended method47. The laboratory is a JE regional reference labora-
tory for WHO. The accepted immunological surrogate of protection is a
serumneutralizing antibody titer of at least 1:10, as determined by PRNT50,
and referred to as seroprotection1. Seropositive was defined as a neu-
tralization antibody titer of 10 or higher; seronegative was <10 titer. Ser-
oconversion is defined as PRNT50 titer <10 at baseline and ≥10 post
vaccination, or a 4-fold rise from a baseline titer of ≥10. Dispensed BHK-21
cells were seeded in six-well plates and cultured until a monolayer was
formed. Serum specimens were inactivated at 56 °C for 30min and diluted
2-fold from 1:5 to 1:10, continuing up to 1:240. Each dilution was mixed
with an equal volume of virus suspension at a titer of 200 plaque-forming
units (PFU)/100 µL. After incubation for 1 hour at 37 °C, the mixture was
used to inoculate BHK-21 cells in six-well plates. In addition, the virus was
added (100, 50, and 10 PFU) to the cells in six-well plates as a reference. All
specimens and referenceswere incubated at 37 °C for 1 h. The liquid in each
well was discarded, and the cells were overlaid with methylcellulose-MEM
containing 2% FBS and 1% PS, followed by incubation at 37 °C for 5 days.
The methylcellulose-MEM in each well was discarded, and the cells were
stained with crystal violet. Next, the number of plaques in each well was
determined. NAb titers were determined as the maximum dilution level
that resulted in a 50% reduction in plaque number compared to the
reference.

After administration of each dose of vaccine, adverse events were
recorded by the study staff at the trial site for 30min, and at participants’
homes on day 30 through active surveillance visits. Diary cards were pro-
vided to the participants to record any adverse events within 30 days of
vaccine administration. Participants with any suspected vaccine-related or
serious adverse events could contact study physician.

Outcomes
The primary outcomewas the seroconversion proportion (SCP) of JE virus-
neutralizing antibodies before and after vaccination. Secondary outcomes
were geometric mean titer (GMT) and SCP on days 8 and 29 after a single
dose of LJEVor IJEV to allow a comparison of early immune responses after
only one dose of each vaccine; GMT and seropositive prevalence (SPP)
29 days and 1 year after completing the vaccination schedule; and incidence
of adverse events within 30min and 1 month after each dose.

We conductedpost-hocdeterminations of seroconversionproportions
separately for subjects who were seronegative prior to vaccination and
subjects who were seropositive prior to vaccination. Primary, secondary,
and additional outcomes were assessed among adults completing the study,
in a per-protocol analysis.

Seroconversion was defined as either a four-fold rise in NAb titer or
transitioning from seronegative to seropositive (NAb titer >10); ser-
oconversion proportion was defined as the number of seroconverting
subjects in a group divided by the number of subjects in the group; ser-
opositive proportion was the number of seropositives in a group divided by
the number of subjects in the group.

Statistical analysis
The sample size for the study was determined based on a cross-sectional
studydesign sample size calculation.We report baseline characteristics using
descriptive statistics and summarize continuous variables using mean ±
standard deviation (SD) and categorical variables using n (%). SCP and SPP
are reported as percents. Seropositivity proportions were compared using
Pearson Chi-square (χ2) tests across all four groups and between any two
groups. GMTs with 95% CIs were used to describe the antibody titers and
were compared by analysis of variance; paired t-tests were used to compare
GMTs at different time points after vaccination among the four groups.

Adverse events bynumber of days after vaccination are shownasn (%).
Solicited systemic adverse events included irritation or depression, fever,
vomiting, anorexia, diarrhea, lethargy, and acute anaphylaxis. Local adverse
events included induration, pain, swelling, redness, local rash, and pruritus.
Adverse events due to other factors considered to be causally related to the
vaccine were judged for causality by the investigators.
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SAS software (SAS Institute Inc., Cary, USA) (version 9.4) was used in
the data analysis. Statistical significance was set at P < 0.05. Figures were
performed using R (version 4.3.2).

Data availability
De-identified datawill bemade available uponapproval by researchers,with
relevant agreements and approvals. Requests should be made to the cor-
responding author.

Code availability
The underlying SAS code used for this study are not publicly available but
may be made available to qualified researchers upon reasonable request to
the corresponding author.
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