
RESEARCH PAPER

Immunogenicity persistence in children of hepatitis A vaccines Healive® and Havrix®:
11 years follow-up and long-term prediction
Yongji Wanga*, Yangyang Qi b*, Wenguo Xuc*, Yuansheng Hud*, Ling Wanga, Yongpei Yue, Zhiwei Jiangb,
Jielai Xia a, Gang Zengd, and Yalong Wangc

aDepartment of Health Statistics, School of Preventive Medicine, Air Force Military Medical University, Xi’an, Shaanxi, China; bDepartment of
Statistics, Beijing Key Tech Statistical Consulting Co., Ltd, Beijing, China; cDepartment of Immunization Planning, Center for Disease Control and
Prevention of Changzhou City, Changzhou, Jiangsu, China; dDepartment of Clinical Research, Sinovac Biotech, Beijing, China; eDepartment of
Statistics, Peking University Clinical Research Institute, Peking University Health Science Center, Beijing, China

ABSTRACT
Background: Hepatitis A vaccine has been used in mass and routine public vaccination programs in
China. Long-term follow-up studies are required to determine the duration of protection and the need
for booster vaccinations.
Methods: A prospective, randomized, open-label clinical trial was performed to compare the geometric
mean concentration (GMC) and seroprotection rates of anti-Hepatitis A virus (HAV) antibodies elicited by
the inactivated vaccines Healive and Havrix. 400 healthy children were randomly assigned 3:1 ratio to
receive two doses of Healive or Havrix at 0 and 6 months. Persistence of anti-HAV antibodies for 5 years
post immunization has been reported The current study reports new data at 11 years post immunization
for the purpose of showing antibody persistence. Sensitivity analyzes were performed to assess the
results. In addition, predictions for long-term antibody persistence were performed using a statistical
model. Two different serological assays were used that were shown to be 98.3% concordant for
detecting anit-HAV antibody.
Results: GMCs were significantly higher following Healive compared to Havrix at 1, 6, 7, 66, 112 and
138 months post-vaccination. In addition, the GMCs obtained using sensitivity analysis were very similar
to those obtained using the original models. Prediction analysis indicated that the duration of protection
for both vaccines was at least 30 years after immunization, with a lower limit of the 95% confidence
interval for GMC of greater than 20mIU/mL.
Conclusions: Healive is more immunogenic than Havrix in children at 11 years post full immunization.
Prediction analysis indicated at least 30 years of antibody persistence for both vaccines.
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Introduction

Hepatitis A is a contagious virus that could induce liver disease.2–4

HAV is usually transmitted person-to-person through the fecal-
oral route or through the consumption of contaminated food or
water.5,6 HAV infection can induce illness with fever, nausea,
abdominal pain and jaundice. Although infection in young chil-
dren is typically asymptomatic, older children and adults generally
develop symptoms that can last for several months.7

Hepatitis A continues to be a cause of considerable morbidity
and mortality worldwide. Hepatitis A vaccinations have been
proven to be effective for prevention. The availability of
Hepatitis A vaccines has substantially lowered disease incidence
and even potentially eliminated infections. Several countries
have recommended routine vaccinations for children and those
at a higher risk of infection who have not been previously
vaccinated. The implementation of routine childhood hepatitis
A vaccinations has resulted in a dramatic reduction in reported
hepatitis A rates in several countries including the United States,

Israel and Argentina.7 The incidence of Hepatitis A has also been
reduced dramatically in China, where the vaccine has been used
in mass and routine public immunization programs.8,9

In 2006, a double-blind, randomized and controlled clin-
ical trial was performed in healthy children aged 1–8 years.
This was to compare the immunogenicity as assessed by level
of anti-HAV antibodies among recipients of three consecutive
production lots of Healive® and Havrix® (GlaxoSmithKline
Biologicals). A total of 400 children were enrolled and
assigned into four groups with 100 children per group. Each
group received one of the three lots of Healive or Havrix. The
vaccination was a two-dose regimen administered at 0 and
6 months. The three lots of Healive had statistically indistin-
guishable clinical performance with 100% seroprotection
rates (SRs). The geometric mean concentration (GMC) was
3237–3814 mIU/mL at one-month post-second dose.10

A previous publication that analyzed the 5 year GMC after
a full-course immunization demonstrated higher antibody
levels after vaccination with Healive compared to Havrix at
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1, 6, 7, 18, 30, 42, 54 and 66 months (P < .01) with the peak
levels at 7 months (3427.2 mIU/mL for Healive versus 1441.9
mIU/mL for Havrix). The SRs for both groups reached 100%
at 7 months post-vaccination and was stable until 66 months
(99.1% for Healive and 97.5% for Havrix). Anti-HAV anti-
body persistence for 5 years post-immunization has been
previously reported.1 The aim of the present study was to
compare antibody persistence in individuals vaccinated with
Healive and Havrix up to 11 years after completion of the
vaccination series. In addition, we evaluated the impact of
follow-up loss and performed prediction analysis for long-
term antibody persistence.

Materials and methods

Clinical trial methodology

This study was a prospective, randomized and controlled,
open-label follow-up study to evaluate GMCs and SRs of anti-
HAV antibodies elicited by the inactivated vaccines Healive
and Havrix for 11 years post-immunization. In the original
primary vaccination study that was performed, 400 healthy
children were randomly assigned using a 3:1 ratio to receive
two doses of vaccine at 0 and 6 months. Healive (0.5 mL/dose)
contained 250 U (1IU = 13U) of antigen and 0.25mg of alum
without preservatives.9 The Havrix vaccine (0.5 mL/dose)
contained 720 ELISA units (El.U) of antigen and 0.25 mg
alum with 2-phenoxyethanol as the preservative.

Eligible study subjects who completed their full-course of
immunization were followed-up for 11 years. Blood samples
were collected at 0, 1, 6, 7, 18, 30, 42, 54, 66, 112 and 138 months,
with screening blood samples collected prior to immunization at 0
and 6 months. The data generated from 0 to 66 months were
previously reported in Yu et al.1 This study will include the
previous generated data for additional analysis to show long-
term trends for anti-HAV antibody levels. Over the 138 months
of the follow-up period, assay changes were required. Anti-HAV
antibody concentrations were assessed initially using
amicroparticle enzyme immunoassay (MEIA)until the 66months
post-vaccination. From 112 to 138months post-vaccination, mea-
surements were performed using electro chemiluminescence
immunoassays (ECLIA). We used two commercially available
kits for measuring anti-HAV antibodies, i.e., from Abbott
Laboratories (HAVAB2.0, MEIA method) and Roche
Diagnostics (Elecsys Anti-HAV, ECLIA method). For MEIA
method of HAVAB2.0, the upper limit of quantification
(ULOQ) is 100mIU/mL and lower limit of quantification
(LLOQ) is 5mIU/mL. For ECLIA method of Elecsys, the ULOQ
of ELICA is 60 mIU/mL and LLOQ is 3 mIU/mL. Other para-
meters of the two assays are detailed in the kit protocols.
A previous publication demonstrated 98.3% agreement between
these two assays for detecting HAV antibody.11 In the study, they
evaluated for two methods’ performance in order to prove their
consistency. Using the serum samples from 476 patients, they
analyzed the accuracy and specificity for both methods. The
results showed that the positive and negative coincident rate
between MEIA and ECLIA were 98.7% and 97.0% respectively,
and the total coincident rate was 98.3%. In addition, bothmethods
have quite high clinical sensitivity and specificity. The good

analytical performance and correlation between the MEIA assays
and ELICA assays for anti-HAV measurements supported our
rationale for combining the data analysis. The comparability of
the two assays was necessary to enable the two data sets to
be merged and combined for modeling long-term persistence.
Anti-HAV antibody levels≥20 mIU/mL were defined as
seroprotection.2,4,12,13

Consent and study approval

This study was performed in accordance with the Declaration
of Helsinki. The Ethics Review Committee of the Changzhou
Center for Disease Control and Prevention approved this
study. Written informed consents were obtained from the
parents (or guardians) prior to study enrollment. This trial
was registered at Clinicaltrials.gov (NCT00534885).

Statistical methods

The main analysis of GMCs and SRs of anti-HAV antibodies
were calculated based on the actual observed data without
missing data handling. Logarithmic transformation (log10)
was performed prior to GMC calculation and 95% CI.
Student’s t-test or Mann-Whitney U test was used for GMC
comparisons, and the Chi-square test or Fisher’s exact test was
used for SR comparisons. 2-tailed with P < .05 was considered
statistically significant.

Sensitivity analyzes using the given statistical methods were
performed to assess robustness. Both multiple imputations
(MI) and mixed-effects model for repeated measurements
(MMRM) approaches were considered for sensitivity
analyses.14,15 For MI analysis, Markov chain Monte Carlo
(MCMC) method was used for imputing missing data. We
performed multiple imputations for missing log anti-HAV
concentration data points. The imputation model included
the child’s age at first vaccination, gender, mean of the avail-
able anti-HAV concentration data points in the first three
follow-ups (1 month, 6 months and 7 months) and the
mean of the available anti-HAV concentration data points
obtained between 1 and 11 years of follow-up. We used the
mean of the early time points to avoid missing data for the
imputed data. We imputed 50 datasets and seeded for
reproducibility.

Long-term estimates of antibody persistence were obtained
based on published methods by using a trend model with one
change point during the antibody concentrations decline
phase.1,12,14

Statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC).

Results

A total of 400 subjects were enrolled in the original vaccina-
tion study, with 300 in the Healive vaccinated group and 100
in the control group (Havrix). 375 subjects who completed
their full-course of immunization were enrolled in the follow-
up study with 283 subjects in the Healive vaccinated group
and 92 in the control group. There were 290 subjects who
were present in the 11-year post-vaccination follow up visit,
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with 217 in Healive group and 73 in the control group
(Figure 1).

Of the 375 subjects included in the analysis, the mean age
for the Healive group was 3.8 years in Healive and 3.7 years
for the control group, 141 out of the 283 subjects in the
Healive group and 44 out of 92 subjects in the control
group were females. Of the 290 subjects included in the
analysis at the 138 month follow-up period, the mean age in
the Healive group was 13.7 years and 13.6 years in the control
group, 113 out of 217 subjects in the Healive group and 29 out
of 73 subjects in the control group were females. The demo-
graphic characteristics of the two groups were balanced and
comparable at baseline, 112 and 138 months. Demographic
characteristics are presented in Table 1.

GMCs and SRs for the anti-HAV antibodies in the two
groups at 1, 6, 7, 66, 112 and 138 months are shown in Table 2
and Figure 2. The results at 1, 6, 7 and 66months in Table 2 have
been previously published.1 At 112 months, GMCs in the
Healive and control group were 281.7 and 196.4 mIU/mL
respectively. At 138 months, GMCs in the Healive and Control
group were 166.2 and 117.1 mIU/mL respectively. The GMCs
were significantly higher in the Healive group compared to the
control group at each time point from 1 to 138 months post-
vaccination (P < .01). At 112 months, SRs in the Healive and
Control group were 99.1% and 97.1% respectively. SRs were
higher in the Healive group compared to the control group at
each time point from 66 to 112 months post-vaccination. At
138 months, the SRs in both groups was 100%.

Table 3 summarizes the sensitivity analyses for GMCs
obtained from the MI and MMRM methods. With regards to
MI analyses at 66months post-vaccination, GMCs in the Healive
and Control group were 262.2 and 176.3 mIU/mL respectively.
At 112 months, GMCs in the Healive and Control group were
269.0 and 200.00 mIU/mL respectively. At 138 months, GMCs
in the Healive and Control group were 161.8 and 119.5mIU/mL
respectively. With regard toMMRM analyses at 66months post-
vaccination, GMCs in the Healive and Control group were 260.7
and 177.8 mIU/mL respectively. At 112 months, GMCs of
Healive and Comparator were 277.9 and 200.0 mIU/mL respec-
tively. At 138 months, GMCs in the Healive and Control group
were 159.1 and 118.2 mIU/mL respectively. The results of the
two different sensitivity analysis methods were very similar to
those of the raw data models.

The predicted GMCs and SRs from 138 to 426 months
(based on the 5-year follow up) and from 186 to 426 months
(based on the 11-year follow up) derived from the mixed
model are shown in Table 4. Yu et al.1 used the same model
to predict immunogenic persistence but was based on
a shorter follow-up period from the identical population
(Table 4). The same model had been used for long-term
evaluation and prediction of immunogenic persistence in
previous studies.12,14

At 138 months post-vaccination, the observed and pre-
dicted GMCs in the Healive group were 166.2 and 138.2
mIU/mL respectively. The observed and predicted GMCs in
the Havrix (control) group were 117.1 and 92.4 mIU/mL
respectively. Observed values are shown in Table 2. These
values reflected a high level of agreement between the
observed and predicted GMCs. GMCs (95% CI) were pre-
dicted to be 29.6 (24.9–35.3) mIU/mL at 366 months and 18.7
(15.4–22.8) mIU/mL at 426 months for the Healive group.
GMCs (95% CI) were predicted to be 28.5 (20.5–39.5) mIU/
mL at 366 months and 19 (13.1–27.5) mIU/mL at 426 months
h for the Havrix group. At 366 months, GMCs for both the
Healive and Havrix groups were estimated to have a lower
limit of no less than 20 mIU/mL.

The observed and predicted SRs were also consistent at
138 months post-vaccination for the two groups. The pre-
dicted SRs are shown in Table 4 and the SRs in the Healive
group was higher compared to the Havrix group up to
420 months post-second dose vaccination.Figure 1. Follow-up of subjects in the two groups.

Table 1. Demographic characteristics of study population.

Time Healive group Havrix group

0 month
Subjects, no 283 92

M/F 142/141 48/44
Age, years (95% CI) 3.8(3.6–4.0) 3.7(3.4–4.0)
Height, cm (95% CI) 100.7(99.2–102.2) 100.6(97.9–103.2)
Weight, kg (95% CI) 17.2(16.8–17.7) 17.4(16.6–18.2)
112 months
Subjects, no 224 75

M/F 109/115 41/34
Age, years (95% CI) 11.8(11.5–12.0) 11.5(11.2–11.9)
138 months
Subjects, no 217 73

M/F 104/113 44/29
Age, years (95% CI) 13.7(13.5–13.9) 13.6(13.2–14.0)

M/F, male/female ratio; CI, confidence interval.
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Discussion

The aim of this follow up study was to compare GMCs and
SRs of anti-HAV antibodies induced by the inactivated vac-
cines Healive and Havrix for 11 years post immunization. In
addition, the study evaluated the impact of follow-up loss and
predicted the long-term immunogenic persistence.

GMCs were significantly higher in the Healive group com-
pared to the control group at each time point from 1 to
138 months post-vaccination (P < .01). The SRs for both
groups reached 100% at 7 months post-vaccination and

Figure 2. Geometric mean concentrations over time.

Table 3. Geometric mean concentrations for sensitivity analyses over time.

Month Healive group Havrix group

66
GMC,mIU/mL (95% CI) for MI 262.2(233.9–293.9) 176.3(145.2–214.0)
GMC,mIU/mL (95% CI) for MMRM 260.7(232.7–292.1) 177.8(145.8–216.8)
112
GMC,mIU/mL (95% CI) for MI 269.0(240.3–301.2) 200.0(164.5–243.2)
GMC,mIU/mL (95% CI) for MMRM 277.9(248.7–310.4) 202.7 (167.0–246.1)
138
GMC,mIU/mL (95% CI) for MI 161.8 (148.2–176.7) 119.5(101.6–140.6)
GMC,mIU/mL (95% CI) for MMRM 159.1(145.6–173.8) 118.2(101.3–137.9)

Table 2. Geometric mean concentrations and seroprotection rates over time.

Month Healive group Havrix group P Valuea

1
Subjects, no 278c 91
SR,%(95% CI) 75.2(69.7–80.1) 50.6(39.9–61.2) <.0001
GMC,mIU/mL(95% CI) 29.1(26.5–32.0) 20.3(17.2–24.1) .0002
6
Subjects, no 282 92
SR,%(95% CI) 97.5(95.0–99.0) 87.0(78.3–93.1) <.0001
GMC,mIU/mL(95% CI) 109.6(98.4–122.1) 46.2(38.1–56) <.0001
7
Subjects, no 279 92
SR,%(95% CI) 100(98.7–100.0) 100(96.1–100.0) NSb

GMC,mIU/mL(95% CI) 3427.2(3036.5–3868.1) 1441.9(1191.1–1745.5) <.0001
66
Subjects, no 230 79
SR,%(95% CI) 99.1(96.9–99.9) 97.5(91.2–99.7) NS
GMC,mIU/mL(95% CI) 257.1(226.9–291.4) 168.1(135.6–208.4) .0008
112
Subjects, no 224 75
SR,%(95% CI) 99.1(96.9–99.9) 97.3(90.7–99.7) NS
GMC,mIU/mL(95% CI) 281.7(248.9–318.8) 196.4(158–244.1) .0100
138
Subject, no 217 73
SR,%(95% CI) 100.0(98.3–100.0) 100.0(95.1–100.0) NS
GMC,mIU/mL(95% CI) 166.2(150.9–183.0) 117.1(98.1–139.8) .0004

aChi-square test or Fisher exact test was used to compare the seroprotection rates, and Student’s t-test was used to compare GMCs after the log-transformation.
bNS, non-significant(P > 0.05).
cPreviously published data are italicized.
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remained stable for 66 months. There were no significant
differences in SRs between the two groups at each time
point except at 1 and 6 months post-vaccination. This indi-
cated that seroprotective anti-HAV levels were maintained for
at least 11 years after vaccination. Hepatitis A booster doses
after completion of the initial vaccination series do not appear
to be warranted and are not currently recommended.

Because of the 11 years follow up period, it was not surprising
that some of the study subjects were lost during follow up. Both
MI andMMRMmethods evaluated the impact of follow-up loss.
With regards to sensitivity analyzes, the GMCs were very similar
compared to the raw dataset results.

At 138 months post-vaccination, the observed GMC levels
in the Healive and Havrix group were similar to the predicted
GMCs based on the 5-year follow-up data. This confirms that
a suitable and robust statistical model was used by Yu et al.1

In our study, antibody persistence in the Healive and Havrix
group was predicted to last at least 30 years. The results for
the Havrix group were in line with results obtained from
some previous trials.14,16,17

There are several limitations to this study. First, this was
a long-term study, and several participants were lost on follow-
up. The reduced sample size resulting from follow-up loss may
have affected the ability to measure differences between the two
vaccinated groups. Second, anti-HAV antibody concentrations
were assessed using microparticle enzyme immunoassay
(MEIA) until the 66 months post-vaccination, and then by
electro chemiluminescence immunoassay (ECLIA) from 112
to 138 months post-vaccination. Since the two methods adopted
the same International Biological reference preparations pro-
vided by WHO and the high agreement between MEIA and
ECLIA for detecting anti-HAV antibody, using the two meth-
ods did not impact the final results and conclusion. Antibody
levels do decline over time and ongoing monitoring is required
to evaluate immunity beyond 11 years after vaccination. This is
to assess whether children who are vaccinated will be protected
throughout adulthood. Finally, the percentage of seroprotected
as the correlate of protection is the key parameter of immuno-
genicity and not the GMC level per se.

In conclusion, the new inactivated hepatitis A vaccine,
Healive, with a 0–6 month vaccination schedule, is more immu-
nogenic than Havrix after 11 years post full-course immuniza-
tion in children. That may be due to different antigen levels and
production processes of the two vaccines. The new inactivated
vaccine provides long-term persistence in healthy Chinese chil-
dren. Prediction analysis for immunogenic persistence indicates
the vaccine will be efficacious for at least 30 years.
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