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ABSTRACT
This monocenter, descriptive, prospective, non-interventional study evaluated the long-term immune
responses following routine vaccination with one or 2 doses of a licensed inactivated hepatitis A (HA) vaccine
(Avaxim� 80U Pediatric) at age 11–23 months in a cohort of children from Mendoza, Argentina. Antibodies to
hepatitis A virus (anti-HAV) were quantified annually up to Y5, and at Y7. Children whose titer decreased to
below the seroprotection threshold (defined as an anti-HAV antibody concentration of � 10 mIU/mL in a
microparticle enzyme immunoassay up to Y5, or � 3 mIU/mL in an electrochemiluminescence immunoassay
at Y7) received a routine booster dose of the same HA vaccine. This report summarizes the data at 7 year
after the first vaccination. Of 546 participants initially included, 264 participants remained at Y7 and provided
blood samples. Of these, 204 having received one HA primary dose as a toddler were still seroprotected at
Y7; titers for a further 7 also having received one HA dose as a toddler fell to below the seroprotection
threshold and they therefore received a booster; all 53 having received 2 HA doses as a toddler and still
present at Y7 remained seroprotected at Y7. One or 2 primary doses of this HA vaccine in toddlers result
in very good persistence of anti-HAV up to 7 year post-first vaccination.
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Introduction

Hepatitis A (HA) is a vaccine-preventable disease, caused by the
HA virus (HAV) and strongly correlated with socio-economic fac-
tors such as access to good quality drinking water and food supply
as well as appropriate sanitation. In early childhood symptoms of
HA are not always apparent, but severity generally increases after
5 year of age and becomesmore symptomatic, including fever, mal-
aise, nausea, diarrhea, joint pain, abdominal pain, or vomiting.1 In
Argentina HA has always been endemic but during 2003–2004
there was a country wide outbreak with the burden of acute liver
failure due to HA infection being mainly in children – one study in
Argentina showed that in 210 children (median age 5.33 years)
with acute liver failure, 61% hadHA infection2; in adults, acute liver
failure is associatedmore often with hepatitis B infection.3

Argentina has diverse environmental and socio-economic con-
ditions and associated diverse rates of HAV endemicity. To com-
bat these regional disparities, universal single dose HA
vaccination for toddlers at 12 months of age was introduced in
the regions of Mendoza in 2004, and throughout Argentina in
2005 with significant projected benefits to both public health and
expenditure.4 Vaccine coverage (AvaximTM 80U Pediatric [Sanofi
Pasteur], HavrixTM [GlaxoSmithKline], VaqtaTM [MSD], or Viro-
hep-A JuniorTM [Novartis]) has been high (� 90% since 2006)5

and this program has been very successful in reducing the
national incidence of HA, as shown by the incidence of HA noti-
fied to the National Epidemiological Surveillance System in

children under 1 year of age falling from 1087 cases between 2000
and 2005 to 156 cases between 2006 to 2013.6 This reduction in
HA incidence children under 1 year of age illustrates a strong
herd effect, with a similar effect observed in all age groups of
young children.6 A higher proportion of cases was observed in
individuals aged over 14 years, but this represented a small num-
ber of cases none of which had received the HA vaccine.7

In middle-income countries and regions with transitional
HAV prevalence, such as Mendoza where circulation of wild
HAV is still observed, a single-dose vaccination strategy may
be effective, but should be validated versus a complete vaccina-
tion course (one primary vaccine dose followed by one booster
vaccination). In this long-term study we evaluate the immuno-
genicity of one and 2 HAV vaccine doses given at 11 to 23
months of age in a cohort in Mendoza. Such strategies have
been evaluated in adults8,9 but not in children.

The aims of this study, therefore, were to better characterize
the effect of a single-dose regimen in toddlers in terms of long-
term immunogenicity, compared with alternative vaccination
schedules. The incidence of HAV infection throughout the study
and the socio-economic environment were also assessed. Data at
3 and 5 years post-vaccination have been published elsewhere,10,11

and showed good seropositivity and geometric mean concentra-
tions (GMCs) following a single dose and in those who received a
booster vaccination; at 5 year post-vaccination the highest GMCs
occurred in those who received 2 vaccinations and these results
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also supported a flexible time window for the booster vaccination.
Here we present the follow-up data up to Year 7 in the same
cohort in Mendoza, and place these data in the context of those
previously presented for Years 1 to 5.

Results

Disposition of participants

Of the 546 participants originally included in the study at Visit
1 (1 year post-vaccination) 277 participants remained in the

study at Visit 6 (6 year post-vaccination), which represents the
withdrawal of 134 participants since Visit 5 (5 year post-vacci-
nation) mainly due to voluntary withdrawal. At Visit 7, 266
returned, of whom 264 provided a blood sample. Of these 264,
204 participants were in Group 1, 53 participants in Group 2,
and 7 participants in Group 3. Study disposition for Years 1 to
6 is presented in Figure 1.

At baseline (inclusion) there was a similar number of males
(49.6%) and females (50.4%), with mean § standard deviation
(SD) age of 28.5 § 2.44 months. At Year 7, 50.5% of partici-
pants were male and 49.5% were female. From Visit 1 to Visit 7,

Figure 1. Disposition of study participants. �Group 1/Group 2/Group 3.
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mean weight and mean height § SD increased from 13.42 §
1.82 kg to 30.26 § 7.61 kg and from 90.5 § 3.9 cm to 128.9 §
5.8 cm. Mean § SD body mass index increased from 16.34 §
1.52 kg/m2 at Visit 1 to 18 § 3.27 kg/m2 at Visit 7.

Persistence of immunity

At Year 7, the seroprotection rate (percentage of partici-
pants with anti-HAV concentration � 3 mIU/mL by elec-
trochemiluminescence immunoassay [ECLIA]) was 100% in
each group, demonstrating maintenance of the high sero-
protection rates observed in Years 1 to 5 (using the thresh-
old of 10 mIU/mL by microparticle enzyme immunoassay
[MEIA]. At Year 7, of the 211 participants who received
only one dose before inclusion, and for whom blood sam-
ples were available (Groups 1 and 3) 204 participants
(96.7%) remained seroprotected without a booster dose
(Group 1) (Table 1). The remaining 7 participants at Year
7 (Group 3) had received a booster when low anti-HAV
antibodies were detected, as described in Table 1, to achieve
seroprotection. The Year 7 GMCs were 125.6, 712.5, and
257.2 mIU/mL for Groups 1, 2 and 3, although as these
were derived using ECLIA they should not be directly com-
pared in numerical terms to the GMCs over Years 1 to 5,
which were derived using MEIA. However, as for Years 1
to 5, the highest GMC was observed in Group 2 (2 doses of
the HAV vaccine before inclusion and no booster during
the study). Due to the different assays used for Years 1

and 7, GMCR data (i.e. the ratio of Year 7/Year 1) are not
applicable for Year 7.

There were no suspected cases of hepatitis A in family mem-
bers at the Year 6 or Year 7 visits, and so it is not possible to
fully assess the possibility of a natural boosting effect on anti-
HAV immunity of the study participants.

Socio-economic factors

The participants’ socio-economic conditions were similar in
Years 6 and 7 as in Years 1 to 5. For Years 6 and 7 respec-
tively, the population as a whole remained mainly urban
(80.5% and 82.3%) or suburban (18.1% and 15.8%) with
only 1.4% and 1.9% being rural. All participants’ had a toi-
let at home, with 97.5% and 97.7% of these being indoors;
98.9% and 99.2% had access to potable water; and 92.8%
and 92.1% had access to a sewage network.

The proportion of participants cared for outside the home (in
day care centers) in Year 6 (99.6%) and Year 7 (100%) was simi-
lar to Year 5 (99.6%) which had shown an increase from 25.3%
at inclusion. Also similar to Year 5, most children were cared for
together with a group of � 20 others in Year 6 (82.7%) and Year
7 (86.7%) (in Year 5 this was 80.3%); this was only 28.0%
in Year 3 and 50.3% in Year 4. For 99.6% (Year 6) and 100%
(Year 7) of participants, this childcare was for 5 d per week.

In Years 6 and 7, respectively, 97.0% and 96.9% of fathers
and 55.7% and 54.6% of mothers had working activity. This
reflected the pattern reported for Years 1 to 5.

Table 1. Persistence of anti-HAV antibodies for Years 1 to 5 (MEIA) and Year 7 (ECLIA) after first vaccination.

Year 1 (95% CI) Year 2 (95% CI) Year 3 (95% CI) Year 4 (95% CI) Year 5 (95% CI) Year 7 (95% CI)

Group 1: one dose of AvaximTM 80U Pediatric prior to inclusion
M 435a 387 365 343 318 204
�10 mIU/mL (n [%]) 429 (98.6) 387 (100) 364 (99.7) 342 (99.7) 317 (99.7) —
�3 mIU/mL (n [%]) — — — — — 204 (100)
GMC (95% CI) 209.7 (190.6;230.6) 216.0 (198.0;235.7) 170.2 (155.7;186.0) 150.3 (137.4;164.4) 122.5 (111.2;135.0) 125.6 (118.8;141.1)
GMCR (95% CI) — 0.95 (0.90;1.00) 0.74 (0.70;0.79) 0.66 (0.61;0.70) 0.53 (0.49;0.57) –

Group 2: two doses of AvaximTM 80U Pediatric prior to inclusion
M 108 103 94 90 85 53
�10 mIU/mL (n [%]) 107 (99.1) 103 (100) 94 (100) 90 (100) 85 (100) —
�3 mIU/mL (n [%]) — — — — — 53 (100)
GMC (95% CI) 1433.9 (1108.4;1855.1) 1353.8 (1116.2;1641.9) 872.9 (710.2;1073.0) 814.6 (667.4;994.1) 591.7 (479.9;729.4) 712.5 (526.4;964.5)
GMCR (95% CI) — 0.88 (0.72;1.07) 0.57 (0.47;0.70) 0.54 (0.44;0.66) 0.40 (0.33;0.50) –

Group 3: one dose of AvaximTM 80U Pediatric prior to inclusion and one booster doseb

M 0 6 6 7 8 7
�10 mIU/mL (n [%]) — 6 (100) 6 (100) 7 (100) 8 (100) —
�3 mIU/mL(n [%]) — — — — — 7 (100)
GMC (95% CI) — — — — — 257.2 (81.3;813.6)

Booster performed after visit
M 6 0 1 1 1 0
Pre-booster GMC (95% CI)c 5 (3.7;6.7) — 7 (NC) 9 (NC) 9 (NC) —
Post-booster GMC ([95% CI)d 551.3 (130.3;2332.2) — 3000 (NC) 153.0 (NC) 2622.0 (NC) —
Post-/pre- booster GMCR (95% CI) 110.1 (27.5;440.6) — 428.57 (NC) 17.0 (NC) 291.33 (NC) —

aImmunogenicity data missing for one participant.
bNo participant had a booster at Visit 1. Following Visit 1, 6 participants had low anti-HAV concentrations and received a booster dose – these participants were included
in the 1 dose/booster set at Visit 2. Following Visit 3, 1 participant had low anti-HAV concentration and received a booster dose – this participant was included in the 1
dose/booster set at Visit 4. Following Visit 4, 1 participant had low anti-HAV concentration and received a booster dose – this participant was included in the 1 dose/
booster set at Visit 5.

cSample taken at the indicated visit.
dSample taken after the booster regardless of the time window between booster and blood sampling.
n, number of subjects; M, number of participants with available data; CI, confidence interval; GMC, geometric mean concentration (mIU/mL); GMCR, geometric mean con-
centration ratio against Year 1 (not applicable for Year 7 due to different assays used for Years 1 to 5 [MEIA] and Year 7 [ECLIA]) or post-/pre-booster for Group 3; NC, not
calculated (as only 1 participant).
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Discussion

In the absence of long-term immunogenicity data following 1- or
2-dose inactivated HAV vaccine regimens in children, the data
provided in this ongoing follow-up study are important to
understand the optimal HAV vaccination strategy in this pediat-
ric population. Previously, immunogenicity data as well HA inci-
dence and socio-economic factors at 1 and 5 years of age in 3
groups according to the vaccination regimen have been described
(10, 11). Here we provide these data to 7 year of follow-up.

This study was originally planned for a 5-year post-vaccina-
tion follow-up period, which was subsequently extended to
10 year. As such, it was necessary to obtain informed assent
from each participant who remained in the study after that
time, i.e., those aged 7 year at Visit 6, and also to obtain new
informed consent from these participants’ parent(s) or legally
acceptable representative at this time (in addition to the
informed consent that had previously been obtained from each
participant’s parent[s] or legally acceptable representative).
This resulted in a total of 134 participants who withdrew volun-
tarily from the study between Visit 5 and Visit 6.

The assay used to measure anti-HAV IgG at Year 7 (ECLIA)
differed to the one used previously to assess the response for
Years 1 to 5 (MEIA) due to the discontinuation of the MEIA
kit by its manufacturer. As quantification of anti-HAV IgG
depends on the assay used (e.g. the ECLIA assay is more sensi-
tive than the MEIA assay), and since no universally accepted
level for seroprotection has been identified,12-17 the anti-HAV
IgG concentration data from Years 1 to 5 and from Year 7 can-
not be directly compared. However, although equivalence can-
not be demonstrated for seroprotection between the 2 assays,
comparisons in terms of seroprotection based on the threshold
for each assay are valid (10 mIU/mL for MEIA and 3 mIU/mL
for ECLIA, even though there is no absolute definition of a
seroprotection level for anti-HAV antibodies [as described
above]).

In Years 6 and 7 after vaccination there were no symptomatic
cases of HA in participants’ family members, which correlates
with the declining incidence of HA in Argentina since the intro-
duction of universal single dose vaccination in 2005.6 Further-
more, in Year 7 the seroprotection was 100% in each group,
indicating that no participant dropped below the seroprotection
threshold between Year 5 and Year 6, and demonstrating a very
good persistence of protection afforded by each vaccination regi-
men. In terms of anti-HA IgG concentrations, the highest GMCs
were observed in Group 2, i.e., 2 doses of HAV vaccine before
inclusion and no booster during the study, although for those
who received only 1 dose before inclusion (Groups 1 and 3)
96.7% did not require a booster dose to remain seroprotected
(Group 1), and the 7 participants who did require a booster
achieved seroprotection (Group 3). These data confirm the con-
tinued antibody persistence that has been described for Years 1
to 5 for each of the 3 vaccination regimens and support the sin-
gle-dose vaccination approach in this population. There were no
changes in socio-economic factors in the study population.

Limitations of the study include the reduced number of par-
ticipants at Years 6 and 7 due to the high number of with-
drawals between Years 5 and 6 (as described above), and also
the change in assay used to assess anti-HA IgG after Year 5.

However, the number of remaining participants at Year 7 is still
considered sufficient for the descriptive analyses, and despite
the change in assay – which precludes a comparison of GMCs
between Year 7 and Years 1 to 5 - the seroprotection rate
remains an effective comparator.

These data show very positive results for 7 year after the first
vaccination with the HAV vaccine with regard to persistence of
anti-HA IgG antibodies.

In conclusion, good antibody persistence has been demon-
strated for 7 year following one or 2 vaccinations of AvaximTM

80U Pediatric in a large pediatric population in Mendoza,
Argentina, with very high seroprotection at Year 7.

Materials and methods

This was a monocenter, descriptive, prospective, non-interven-
tional study conducted in Argentina. The study evaluated only
immunogenicity; no safety data were collected.

Participants and vaccine administered

Healthy participants who had received at least one dose of inac-
tivated HAV vaccine (AvaximTM 80U Pediatric) between June
and December 2007 (when aged 11 to 23 months) were eligible
for inclusion in this study, which started in August 2008. The
main exclusion criterion was any obvious or previously docu-
mented health condition that could interfere with the partici-
pant’s immune response to the vaccine. AvaximTM 80U
Pediatric is part of the national immunization schedule in
Argentina. Each 0.5 mL dose of AvaximTM 80U Pediatric vac-
cine contains 80 U inactivated HA virus, 0.15 mg aluminum
hydroxide, 2.5 mL 2-phenoxyethanol, 12.5 mg formaldehyde,
and � 0.5 mL water for injection.

Ethics

The study was consistent with the ethical standards established
by the Declaration of Helsinki and complied with the Interna-
tional Conference on Harmonization guidelines for Good Clin-
ical Practice, as well as with all local and national regulations
and directives. Informed consent was obtained initially from
each study participant’s parent(s) or legally acceptable repre-
sentative; additionally, an assent form was also signed at Year 6
by children aged 7 year and older and the informed consent
was re-signed by the parent(s) or legally acceptable representa-
tive of these participants at this time.

Study design and assays

All participants were followed up on a yearly basis. For the
evaluation of the persistence of the anti-HAV immune
response, a first blood sample (Year 1) was taken between
August 2008 and April 2009, and for each participant further
blood samples were taken at Year 2, Year 3, Year 4, Year 5, and
Year 7. The intervals accorded to the date of the first vaccina-
tion that had been received before entry into the study.

To measure the anti-HAV antibody concentration up to and
including Year 5 a MEIA (seropositivity defined as anti-HAV
antibody concentration � 10 mIU/mL) was used; thereafter an
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ECLIA (seropositivity defined as anti-HAV antibody concentra-
tion � 3 mIU/mL) was used (due to the discontinuation of the
MEIA kit by its manufacturer). All assays were performed by
the Bio Analytical Research Corporation (BARC) laboratory
(Ghent, Belgium) using a commercial ELISA assay kit (HAV 2.0
quantitative AXSYM HAVAB microparticle ELISA, Abbott Lab-
oratories, Abbott Park, IL, USA) for MEIA and a commercial
laboratory test (Roche Elecsys Anti-HAV, Roche Diagnostics,
IN, USA) for ECLIA. For MEIA and ECLIA, quantitative anti-
HAV levels are expressed as GMCs (mIU/mL) as determined
by comparison to a serial dilution of a WHO reference serum.
Due to inherent differences, these 2 commercial serological
assays cannot be compared with respect to their sensitivities and
specificities. The lower and upper limits of quantification
(LLOQ and ULOQ), respectively, are 5 and 20,000 mIU/mL for
MEIA and 3 and 12,800 mIU/mL for ECLIA.

Participants who had received one dose of the HAV vaccine
and who had an anti-HAV IgG titer <10 mIU/mL (MEIA) at
any scheduled visit up to and including Year 5 or <3 mIU/mL
thereafter (ECLIA) were offered a booster vaccination outside
the scope of this study. For these participants, an additional
blood sample was taken ideally at 10 d after the booster vacci-
nation to measure anti-HAV antibody concentration; if the
Day 10 sample was missing, the next scheduled sample was
used to evaluate the immune response to the booster.

Participants who had received 2 doses of the HAV vaccine
(either 2 doses before the study, or one dose before the study
and a subsequent booster as described above) and who had an
anti-HAV IgG titer <10 mIU/mL (MEIA) at any scheduled
visit up to and including Year 5 or <3 mIU/mL thereafter
(ECLIA) were not offered any further vaccination and were
withdrawn from the study.

Statistical methods

The long-term immunogenicity was analyzed according to the
number of doses received (one or 2 doses) either before inclu-
sion or before inclusion and during the study, as described
above. Participants were therefore analyzed based on whether
they received 1 dose before inclusion and no booster during the
study (Group 1); 2 doses before inclusion and no booster dur-
ing the study (Group 2); or 1 dose before inclusion and 1
booster (Group 3).

For the primary objective, seroprotection rates (percentage of
participants with anti-HAV anti-Ig concentration � 10 mIU/mL
[using MEIA, from Year 1 to Year 5, inclusive] or � 3 mIU/mL
[using ECLIA, Year 7]) were calculated with their 95% confidence
intervals (CIs) using the Clopper-Pearson exact binomial method,
as quoted by Newcombe.18 The relationship between suspected
cases of HA (if any) in family members and the participant’s anti-
body levels (to evaluate the possibility of a natural boosting effect)
was to be assessed using the chi-square test (or Fisher’s exact test
when the conditions for using the chi-square test were not met).
Socio-economic data were analyzed descriptively. The analysis
population comprised all included participants.

No statistical hypothesis was used for the calculation of sam-
ple size. Assuming an annual dropout rate of 8%, it was esti-
mated that 600 participants enrolled would result in 429
participants at Year 5 and 283 participants at Year 10.

Assuming that 10–15% of participants would have anti-HAV
antibody levels below the minimum threshold for seroprotec-
tion at Year 5 (i.e., 10 mIU/mL by MEIA), a sample size of 429
participants at Year 5 would be sufficient to obtain a precision
of 3.5% for the 95% CI of the proportion of participants achiev-
ing the minimum concentration. No sample size calculation
was done for the period after 5 year of follow-up.

The statistical analysis was done under the responsibility of
the study sponsor using Statistical Analysis Software (SAS�),
Version 9.1 (SAS Institute, Cary, NC, USA).
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