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Immunization with the Japanese encephalitis (JE) vaccine IXIARO® results in protective neutralizing anti-
body levels for one year. Since persistence of protective titer levels beyond one year was unknown, a 5 years
follow-up study was conducted. Additionally, data were stratified to compare the persistence of protective
neutralizing antibodies against JE in people with or without tick-borne encephalitis (TBE) vaccination.
Four weeks after the primary series, the percentage of subjects with PRNT50 titer >1:10 in the intent-to-
treat population was 99%; the rate after 5 years was 81.6%. By month 24, 36,48 and 60, the percentages were
still 90.7%, 91.7%, 90.1%, 85.9%, respectively in the population who had received TBE vaccine compared to
67.9%, 71.9%, 69.1%, 63.8% in the population who had not. No long-term safety concerns were identified.
These data indicate that vaccination with IXIARO® is able to induce protective titers that persist up to

Safety

Traveler 60 months after the primary immunization.

IC51 Clinical trial registry number NCT00596102.

IXIARO® © 2019 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

Seroprotection

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Japanese encephalitis (JE) is endemic in many tropical and
subtropical countries in Asia [1]. In industrialized countries, rare
cases of the disease have been reported among travelers to ende-
mic areas [2]. In an analysis of early time points in this trial [3] it
was shown that 12 months after primary vaccination with
IXIARO®! (development code IC51), 83% of subjects still had protec-
tive neutralizing antibodies. At 6 months, the percentages of subjects
with adverse events (AEs) and serious AEs (SAEs) were comparable
between treatment groups (including placebo). At 12 months after
first vaccination, the safety profile was similar to that at 6 months,
although the frequencies had increased due to the longer observa-
tion time. No SAEs were considered as possibly or probably related
to study vaccine and no AEs led to withdrawal from the study.

This is a further follow-up to the uncontrolled, multi-centric
phase 3 follow-up study with the aim to document the persistence
of JE virus (JEV)-neutralizing antibodies at 24, 36, 48 and
60 months after the primary immunization in healthy travelers.

* Corresponding author at: Valneva Austria GmbH, Campus Vienna Biocenter 3,
1030 Vienna, Austria.
E-mail address: christian.taucher@valneva.com (C. Taucher).
T IXIARO is a registered trademark of Valneva GmbH.

https://doi.org/10.1016/j.vaccine.2019.03.030
0264-410X/© 2019 The Author(s). Published by Elsevier Ltd.

2. Methods
2.1. Subjects

This study included generally healthy subjects who had com-
pleted a full primary vaccination course (i.e., two 0.5 mL doses
on Day 0 and 28) in two preceding studies, IC51-301 [4] or IC51-
302 [5].

A total of 181 subjects were enrolled at four study sites (2 in
Austria, 1 in Germany, 1 in Romania) for the collection of long-
term immunogenicity data, initially up to month 24 (intent-to-
treat (ITT) population). During the study it was decided to prolong
it at first to month 36 (ITT population at month 36), for which 152
subjects provided informed consent. At the end, 102 subjects
attended the final study visit at month 60.

2.2. Study design

This was a long-term follow-up study that comprised annual
visits for collection of sera and adverse event information. The
original study design planned for 2 years, with two study exten-
sions during the execution of the study to 36 months and further
to 60 months. Immunogenicity assessments were performed by
JEV-specific plaque reduction neutralization test (PRNT) reported

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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elsewhere [3]. Subjects who became seronegative for JEV during
the study were terminated early but were included in the analysis
as seronegative at all further time points. Subjects were asked to
defer vaccination with tick-born encephalitis (TBE) vaccine during
the study. However, any subject who had such a vaccination was
allowed to remain in the study. Consequently, TBE exposed sub-
jects in the analysis represent subjects who had been vaccinated
with TBE vaccine whereas TBE-naive had not received TBE vaccine.

2.3. Statistical methods

The immunogenicity evaluation included seroprotection rate
(SPR) and geometric mean titer (GMT) in the ITT (all subjects ini-
tially enrolled for the long-term study) and ITT at month 36 (sub-
jects who provided consent to continue beyond month 24, used for
all analysis beyond month 36) populations up to 60 months after
the first vaccination. Additional for all visits, the study population
was stratified to differentiate between prior and/or during the
study (i.e. after the JE vaccination), TBE vaccination vs. subjects
who were not TBE vaccinated. A two-sided 95% confidence interval
(CI) was calculated for SPRs according to the method recom-
mended by Altman (developed by Wilson).

GMTs, with respective 95% CIs and other descriptive statistics,
were calculated for PRNT50 values. Assuming normality of the
log-transformed PRNT50 values, 95% CIs of GMTs were calculated
by taking the anti-log of confidence limits estimated on the log-
scale.

Missing PRNT50 values originating from missing blood samples
due to PRNT negativity post-baseline or due to vaccination-related
AEs, and PRNT50 values greater than or equal to 10 despite nega-
tivity at a previous visit, were replaced by 5 and counted as
PRNT-negative. All other missing PRNT50 values were imputed
using a repeated measures model. In addition, a sensitivity analysis
following a worst case approach (i.e., all missing sera counted as
negative) was performed.

The safety analyses were based on all subjects who attended
respective visits.

3. Results
3.1. Demographics
Mean age for the 181 subjects originally enrolled was

32.1 years, with a minimum age of 18 years and a maximum age
of 74years, and there were similar proportions of females

Table 1

(53.0%) and males (47.0%). The majority of subjects included were
Caucasian (98.3%).

3.2. Antibody persistence at 24, 36, 48 and 60 months

The percentage of subjects with protective neutralizing anti-
body titers had decreased to 83.4% by month 12 and then remained
stable with 82% observed at month 60 (Table 1). The sensitivity
analysis, which considered all missing PRNT values as negative,
provided a lower estimate for the SPR of 63.8% by month 60. Our
results demonstrated that in this study, IXIARO® elicited protective
antibody levels and seroprotection that persisted even at
60 months in a majority of subjects, at a level maintained from
month 12 onwards.

As shown in Table 1 also the GMT remained virtually
unchanged from month 12 to 60.

3.3. Analysis of influence of prior and concomitant TBE vaccine

TBE vaccinated subjects at any time prior to or during the study
had higher seroconversion rates (SCRs) at most timepoints (with
non-overlapping 95% Cls) from month 24 onwards. At month 12,
SCR was 75% in the subgroup of subjects without previous TBE vac-
cination (N =92) compared to 92.1% for TBE vaccinated subjects
(N = 89). By month 60 the SCRs had declined to 63.8% in the sub-
jects with no TBE vaccination (N = 47) and 85.9% in TBE vaccinated
subjects (N =78). In addition, when subjects with TBE exposure
were grouped into subgroups with exposure only prior to vaccina-
tion with JE vaccine and subjects with concomitant TBE exposure
(i.e. during the study), those with concomitant TBE vaccination,
albeit a rather small group, had remarkably high SCRs at all time
points (SCR was 100% up to month 48 with N increasing from 6
subjects at month 6 to 29 subjects at month 48, and was 94.4%
at month 60 (N =36) (Fig. 1).

3.4. Safety

Among subjects who remained in the study to month 60, 76
(74.5%) of 102 experienced at least one AE from month 2 to month
60 after the first vaccination with IXIARO® in the previous study.
There were no AEs considered possibly treatment-related. Overall,
14 subjects (13.7%) experienced 16 SAEs during the 5-year follow-
up phase. The frequency of SAEs was within the expected range for
a long-term study involving healthy volunteers and no clinically
significant patterns were evident. All SAEs were considered unre-
lated to study vaccine.

Immunogenicity up to 60 months after first vaccination for IXIARO®: comparative and long-term immunogenicity population.

IXIARO n/N (%)

95% confidence interval

SCR/SPR (ITT/ ITTM36)

TBE unvaccinated % n/N TBE vaccinated % n/N

Number (%) of seroprotected subjects

24 months after first vaccination
36 months after first vaccination
48 months after first vaccination
60 months after first vaccination

Geometric Mean Titer

24 months after first vaccination
36 months after first vaccination
48 months after first vaccination
60 months after first vaccination

148/181 (82%)
129/152 (85%)
127/152 (84%)
124/152 (82%)

443
43.8
46.0
43.4

[75.5%, 86.7%]
[78.3%, 89.7%]
[76.9%, 88.6%]
[74.7%, 86.9%]

[36.7, 53.4]
[36.5, 52.6]
[38.0, 55.7]
[35.7, 52.9]

53/78 (67.9% )
41/57 (71.9% )
38/55 (69.1% )
30/47 (63.8%)

32.8
29.9
338
29.2

78/86 (90.7% )
77/84 (91.7% ")
73/81 (90.1% ")
67/78 (85.9%)

56.2
54.0
50.4
45.2

Missing values from exclusions due to previously negative PRNT or due to related AEs, and positive PRNT values despite a previously negative PRNT result are imputed to 5

(i.e. set to seronegative).

TBE unvaccinated - no TBE vaccination up to the specific time point.

TBE vaccinated - anytime: any TBE vaccination up to the specific time point.

™ Confidence Intervals do not overlap.
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Fig. 1. Seroprotection Rate Stratified by TBE Vaccination Status. Seroprotection Rate (i.e. rate of subjects with PRNTsq > 1:10) stratified by tick-borne encephalitis (TBE) virus
vaccination status. No TBE vaccination: subjects who were TBE-vaccination naive, TBE vaccination prior to JE vaccination: TBE vaccination documented in records at any time
prior to the primary series of JE vaccine; TBE vaccination during the study: Subjects who received a TBE vaccine during the study. Subjects were only allocated into this

category for study visits that took place after receipt of the TBE vaccine.

4. Discussion

These data show that immunization with IXIARO® induced pro-
tective antibody titers (PRNT50 > 1:10) that persisted for at least
5 years in over 60% of travelers. Lower antibody persistence was
observed in another trial of IXIARO®, with SPR of 58.3% at month
12 and 48.3% at month 24 [6]. The major difference between stud-
ies was that the present study population included subjects with
prior or concomitant immunization against TBE, while the other
study only recruited TBE naive subjects.

Of interest, a difference can be seen between TBE naive and TBE
exposed subjects in the present study. Subjects with TBE exposure
at any time prior or during the study had higher SCRs at most time
points (with non-overlapping 95% CI after month 24). Prior and
concomitant TBE vaccination seems to positively influence anti-
body persistence. This is in line with post-hoc analyses results
from a previous study, where at 15 months after primary immu-
nization with IC51, GMT was 28.2 in subjects with TBE vaccination
(N=89) and 18.8 in subjects without TBE vaccination (N = 109),
and SCRs were 79.8% and 60.6%, respectively [7]. Nevertheless,
even in TBE unvaccinated subjects, seroconversion rate at month
60 was still 64%. This points to a robust immune memory induction
so that the duration of the interval between primary series and
booster might be relatively irrelevant for a post-booster immune
response; as seen in previous studies of JE vaccine and TBE vaccine
[6,8,9]. For JE endemic areas, based on robust responses in children
after two doses, World Health Organization current position is that
the need for booster doses of inactivated vaccines in children is not
clearly established [10].

Nevertheless based on the data discussed above, both regula-
tory agencies in the US and in Europe currently recommend for
travelers to endemic countries, a single booster dose 12 months
primary immunization with IXIARO®, prior to potential re-exposure
to JE virus.
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