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Background: This study was done to determine the immunogenicity of a single dose of
hepatitis A vaccine in children, providing needed clinical data on the flexibility of booster
administration.

Methods: Participants had received one dose of inactivated hepatitis A vaccine (Avaxim™
80 U Pediatric) at 12—23 months of age or two doses of the same vaccine at 12 and 18 months
of age prior to enrolment. Anti-hepatitis A antibody concentrations were measured at the first,
second, and third year after vaccination. Suspected cases of hepatitis A in participant families
were assessed and family socioeconomic data were collected.

Results: A series of 546 participants were enrolled. Of 467 (85.5%) participants completing
3 years of follow-up, 365 had received a single vaccine dose and 94 had received two vac-
cine doses. Seropositivity (anti-HAV = 10 mIU/mL) at 3 years was 99.7% after one dose and
100% after two doses. At one year, geometric mean concentrations were higher after two doses
(1433.9 mIU/mL, 95% confidence interval [CI] 1108—1855) than one (209.7 mIU/mL, 95%
CI 190.6-230.6). Geometric mean concentrations decreased in both groups during the study,
but remained well above 10 mIU/mL through the third year. The geometric mean of 3-year to
one-year anti-hepatitis A concentration ratios was 0.74 (95% CI 0.70-0.79) following one dose
and 0.57 (95% CI 0.47-0.70) following two doses. The greatest decrease in geometric mean
concentrations occurred during the third year, ie, 21.2% in the one-dose group and 40.8% in the
two-dose group. Six participants became seronegative during follow-up and responded strongly
to a booster dose. Anti-hepatitis A concentrations increased in 135 children (34.9%) in the second
year and 50 (13.7%) in the third year; none lived in a family with a case of hepatitis A. Three
confirmed cases of hepatitis A occurred in family members. Participants belonged to a middle-
income, urban/suburban population with good sanitation facilities and water supplies.
Conclusion: A single dose of hepatitis A vaccine at 12-23 months of age resulted in hepatitis
A seropositivity in all but one vaccinee after 3 years. Increased anti-hepatitis A serum concen-
trations suggested exposure to wild-type hepatitis A virus in this middle-class socioeconomic
environment. Continuing surveillance is required to confirm the effectiveness of a single-dose
hepatitis A vaccination; however, the results of the first three years are encouraging.
Keywords: hepatitis A vaccine, single dose, antibody persistence, immunization programs

Introduction

Hepatitis A virus (HAV) infection is a frequent cause of viral hepatitis and is pre-
ventable by vaccination. The prevalence of HAV infection is primarily determined
by socioeconomic conditions and by environmental factors, such as the quality of
drinking water and sanitation systems. The World Health Organization classifies HAV
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endemicity as high, intermediate, or low, depending on
the prevalence of anti-HAV (IgG) antibodies in the sera of
specific age groups.!

Improved hygiene and sanitation result in an overall
reduction in HAV circulation and decrease of endemicity
from high to intermediate and from intermediate to low.
Evidence of decreasing HAV seroprevalence in younger
age groups has been reported in Argentina for more than a
decade.? Argentina is considered to be a region of intermedi-
ate HAV endemicity?® because of socioeconomic differences,
but populations that are highly susceptible may live side by
side with populations in which HAV is widely circulating.
As a consequence, many individuals escape early childhood
infection only to be infected later in life when they are more
likely to develop more severe clinically significant HAV dis-
ease. In 1997, Gonzalez et al* reported low endemicity (13%)
in Buenos Aires, with zones of intermediate endemicity in
localities like Rosario (46.5%), and others of high endemicity
such as Tucuman (81.4%).

In Argentina, the annual incidence of HAV disease esti-
mated from the number of reported cases during 1995-2004
ranged from 70.5 to 173.8 cases per 100,000 people.’
Outbreaks of HAV infection occurred during 2003-2004,
which increased the incidence from 70.5 cases per 100,000
people in 2002 to 139 and 172.7 cases per 100,000 people in
2003 and 2004, respectively.> A year later, in 2005, a single
dose of HAV vaccine for children 12 months of age was
added to the national schedule.’ In the private market, which
represented approximately 12% of the birth cohort, children
could already receive two doses of the vaccine at 12 and
18 months of age.” Overall, vaccine coverage in 2006 was
estimated at 95% for the single dose. The National Notifiable
Diseases Surveillance System in Argentina reported that
HAV incidence rates decreased sharply after initiating
the vaccination program. In 2007 it was 10.2 per 100,000,
representing a decrease of 88% compared with the average
incidence between 1998 and 2001. The incidence of HAV
in all age groups has continued to decline through 2010, the
last year for which national surveillance data were available.®
Reductions were reported in all age groups, even though only
children in the second year of life were vaccinated, showing
a marked herd effect.’

The rationale for a single vaccine dose immunization was
partly based on an hypothesis that one dose would be suf-
ficient to prime the immune system and provide immediate
protection against infection. A single dose of HAV vaccine
is known to control outbreaks of infection and to protect
individuals living in regions at risk of repeated outbreaks.”!!

Exposure to wild-type HAV circulating in the environment
would be expected to lead to a protective response in children
who had received a single dose of vaccine, providing long-
term protection. The effectiveness of this strategy needs to
be confirmed."

This study was designed to determine the persistence of
antibodies to HAV in a group of children who had previously
received one dose of the study vaccine, adding needed
clinical data to confirm flexible booster dosing. Secondary
objectives were to investigate a possible relationship
between any confirmed HAV cases in family members and
serum anti-HAV concentrations of the vaccinated study
participant, and to describe the socioeconomic conditions of
the participant families. We report here interim results from
the first 3 of 5 years of planned follow-up.

Materials and methods

Study design

This single-center, prospective, cohort study assessed HAV
antibody persistence following a single dose of inactivated
HAV vaccine. The local independent ethics committee and
institutional review board (Hospital Pediatrico Humberto
J Notti) approved the protocol and written information was
provided to the participants’ parents/guardians prior to the
start of the study. The study was conducted in accordance
with the Edinburgh revision of the Declaration of Helsinki,
International Conference on Harmonization, Good Clinical
Practice, and applicable national and local requirements. The
Ministry of Health of Mendoza province and the Central
Hospital of Mendoza also approved the protocol and study
documentation. Before enrolment, written informed consent
was obtained from the participant’s parent or legal guardian
with an independent witness present.

Eligible participants had received (prior to enrolment
in this study) one dose of HAV vaccine between June and
December 2007 at 12—-23 months of age following the
national immunization schedule (Group A) or a two-dose
primary series vaccination at 12 and 18 months of age
from a private physician (Group B). The inactivated HAV
vaccine administered in the national schedule in Argentina
is Avaxim™ 80U Pediatric (Sanofi Pasteur, Lyon, France),
which is prepared from formaldehyde-inactivated GBM
strain HAV. Each 0.5 mL dose contains 80 HAV anti-
gen units adsorbed to aluminum hydroxide (0.15 mg),
2-phenoxyethanol (2.5 uL), formaldehyde (12.5 pg), and
water for injection.

Children were excluded if they had any health problems
that, in the judgment of the investigator, could interfere
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with their immune response to the vaccine, as documented
in their medical records or identified during the medical
examination conducted at the start of the study. Included
children were assigned a sequential enrolment number by the
investigator, taken from a list supplied by the study sponsor.
Study participants were enrolled between August 2008 and
April 2009 (visit 1). Successive annual visits were scheduled
for each participant on the annual anniversary of their HAV
vaccination for a planned follow-up of 5 years (visits 2-5).
Study completion is scheduled for December 2012. This arti-
cle reports interim results obtained after a 3-year follow-up
that ended in December 2010.

Serology

A 3 mL blood sample was obtained at each study visit for deter-
mination of anti-HAV concentrations. Participants found to
have an anti-HAV IgG antibody concentration < 10 mIU/mL
at a scheduled annual visit received a second (booster)
dose of HAV vaccine and were continued in the study as
Group C. An additional blood sample was collected 10 days
after administration of the booster to measure the immune
response, (ie, anti-HAV concentration).

Serum specimens were tested at BARC laboratories in
Ghent, Belgium (under the supervision of the Sanofi Pasteur
Global Clinical Immunology Department) using a com-
mercial enzyme-linked immunosorbent assay kit (HAV 2.0
quantitative AXSYM HAVAB microparticle enzyme immu-
noassay technology, Abbott Laboratories, Abbott Park, IL)
that permits the quantitative measurement of anti-HAV
antibodies. Quantitative anti-HAV levels were expressed
as geometric mean concentrations (in mIU/mL), as deter-
mined by comparison with a serial dilution of World Health
Organization reference serum. The lower limit of quanti-
fication of 5 mIU/mL was assigned to all samples with no
detectable antibodies. Anti-HAV seropositivity was defined
as a serum anti-HAV concentration = 10 mIU/mL.

Statistical analysis

All children attending each study visit and with evaluable
sera were included in the analysis. The statistical analysis
was descriptive, and no hypothesis was tested. Seropositivity
rates, ie, percentages of participants with antibody con-
centration = 10 mIU/mL, were calculated with their 95%
confidence intervals (CI) using the exact binomial method.
Geometric mean concentrations and enrolment annual
follow-up geometric mean concentration ratios (geometric
means of individual anti-HAV concentration ratios) were
calculated with 95% CI using the normal approximation.

Socioeconomic data were collected annually using ques-
tionnaires, including environmental conditions, household
characteristics, education, and employment status of parents/
guardians.

Results

Disposition of participants

A total of 546 participants were enrolled, of whom
467 (85.5%) completed three years of follow-up after the
first HAV vaccination (visit 3). The number of male (50.4%)
and female (49.6%) participants was similar. The mean age
at enrolment was 28.5 + 2.4 months. A total of 47 children
(8.6%) discontinued between the first and second visit;
32 (6.4%) discontinued between the second and third visit
(Figure 1). Voluntary withdrawal was the main reason lead-
ing to study discontinuation. Seven children (1.3%) received
a dose of vaccine during the first year, but one of them had
already been given two doses before inclusion, and was
therefore excluded from the analyses. No participant received
a vaccine dose between visits 2 and 3. Three years after the
first HAV vaccination, there were 365 participants included
in Group A, 94 in Group B, and six in Group C, ie, those who
had been given a booster after study inclusion (Figure 1).

Antibody persistence
In all groups, seropositivity rates (percentage of children with
anti-HAV concentrations = 10 mIU/mL) remained high at
visit 3 three years after the first vaccination, and 99.7% in
Group A and 100% in Groups B and C (Table 1). At visit 3,
only one study participant (in Group A) was not seropositive.
Only six study participants (Group C) had needed boost-
ing between visits 1 and 2. After boosting, all six became
seropositive, with a group geometric mean concentration of
551.3 mIU/mL (95% CI 130.3-23332.2) at visit 2. Geometric
mean concentrations were high at year 1 and decreased in
all three groups during the course of the study (Figure 2),
but they remained well above the seropositivity threshold of
10 mIU/mL through the third year of follow-up. The greatest
rate of decrease occurred during the third year, ie, 21.2%,
35.5%, and 40.8% in Groups A, B, and C, respectively. At
each study visit, geometric mean concentrations were high-
est among participants who had received two vaccine doses
before inclusion (Group B). The ratio of one-year to 3-year
anti-HAV geometric mean concentrations was 0.74 (95%
CI10.70-0.79) in Group A and 0.57 (0.47-0.70) in Group B
(Table 1).

In Group A (single dose of HAV vaccine), the anti-HAV
concentration increased in 135 children (34.9%) in the
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Visit 11

(August 2008 to April tTwo participants received an HAV vaccine
2009) Eother than the study vaccine before inclusion
n = 546 included Eand were not eligible

Evaluable: 544 (436/108/0)*

47 withdrawals: nine lost to follow-up, three
moved away, 35 voluntary withdrawals

Visit 22

2-year follow-up
n =499

(June to December 2009) : Two participants had two vaccinations before
Linclusion plus a third between visits and were
not evaluated

Evaluable: 496 (387/103/6)*

32 withdrawals: four were lost to follow-up,
three moved away, 25 withdrew voluntarily

Visit 33

(June to December 2010)
3-year follow-up

n = 467

Evaluable 465 (365/94/6)*

Figure | Subject disposition.

Notes: 'Participants received one dose of HAV vaccine between June and December 2007; 22-year anniversary of HAV vaccination; 33-year anniversary of HAV vaccination;
*participants given one HAV vaccine dose before inclusion (Group A), participants given two doses before inclusion (Group B), participants given one dose before inclusion

and a second dose during the study (Group C).
Abbreviation: HAV, hepatitis A virus.

second year after vaccination (between visits 1 and 2) and in
50 children (13.7%) in the third year (between visits 2 and 3).
None of these children lived in a family with a suspected
case of HAV. No increase in anti-HAV concentration was
observed for the child who lived in a family with a case

of HAV. In Group B (two doses of HAV vaccine before
the start of the study), anti-HAV concentration increased
in 25 children (24.8%) between visits 1 and 2, and in seven
children (7.4%) between visits 2 and 3. None of these children
lived in a family with a suspected case of HAV. No increase
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Table | Proportion of subjects with an anti-HAV titer = 10 mlU/mL, geometric mean concentrations, and geometric mean of
individual concentration ratios at years |, 2, and 3 after primary vaccination

Visit |
% (95% CI)

Visit 2
(95% CI)

Visit 3
(95% CI)

Group A: one dose of hepatitis A vaccine before enrolment

=10 miU/mL 98.6 (97.0-99.5)
GMC 209.7 (190.6-230.6)
GMCR _

Group B: two doses of hepatitis A vaccine before enrolment

100.0 (99.1-100.0)
216.0 (198.0-235.7)
0.95 (0.90-1.00)

100.0 (96.5-100.0)
1353.8 (1116.2-1641.9)
0.88 (0.72-1.07)

99.7 (98.5-100.0)
170.2 (155.7-186.0)
0.74 (0.70-0.79)

100.0 (96.2-100.0)
872.9 (710.2-1073.0)
0.57 (0.47-0.70)

100.0 (54.1-100.0) 100.0 (54.1-100.0)

=10 mlU/mL 99.1 (94.9-100.0)
GMC 1433.9 (1108.4-1855.1)
GMCR -
Group C: one dose of hepatitis A vaccine before enrolment; one dose during follow-up
=10 mlU/mL NA
GMC NA

551.3 (130.3-2332.2) 326.5 (66.5-1603.6)

Abbreviations: Cl, confidence interval; GMC, geometric mean concentration; GMCR, visit 2:visit | and visit 3:visit |; NA, not applicable.

in anti-HAV concentration was observed for the two children
who lived in a family with a case of HAV.

Socioeconomic conditions

The majority of participants lived in a middle-income, urban
population, with good sanitation facilities and water supply,
which are associated with a limited natural exposure to HAV.
Most children lived in urban (73.8%) or suburban (23.1%)
areas, in houses with more than one bedroom (88.6%) and
at least one bathroom (100%) inside the house (97.1%).
Access to potable water (99.3%) and a public sewage net-
work (92.7%) was very common, and most homes had floors
made of ceramic tiles (88.8%). Few children changed their
residence during the study period, so there were no notable
changes in environmental conditions during the course of
this analysis. At inclusion, most participants had only one
(35.5%) or no (33.7%) siblings. They were usually cared for
at home. The number and percentage of children cared for

10000 A —o—GroupA ——GroupB ====="Group C
|
£ f
21000 -
S
>
< =
T
= 100 -
c
<
10 T T 1
Visit 1 Visit 2 Visit 3

Figure 2 Anti-HAV geometric mean concentrations at years |, 2, and 3 after
primary vaccination.

Notes: Group A, participants given one HAV vaccine dose before inclusion (n = 365);
Group B, participants given two doses before inclusion (n = 94); Group C, participants
given one dose before inclusion and a second dose during the study (n = 6).
Abbreviation: HAV, hepatitis A virus.

outside the home and the number of days each week of care
outside the home per week increased during the study. At
visit 3, the majority (63.3%) were cared for outside the home
versus 25.3% at inclusion, and nearly all of them (94.9%)
for 5 days a week. More than one-third of the fathers or legal
guardians and half of the mothers had secondary or tertiary
education level, and 96.9% of the fathers and 50.9% of the
mothers maintained their employment status throughout the
course of the study.

Discussion

This report presents 3-year interim results of a study to deter-
mine the long-term (5-year) immunogenicity of a single dose
of HAV vaccine given at approximately 12 months of age.
The study also looked for any relationships between serum
anti-HAV concentrations of study participants and cases of
HAV that were diagnosed among their family members.
Finally, socioeconomic and environmental data were col-
lected about the participants and their families.

The study design allowed evaluation of immunogenicity
data from three distinct subpopulations. Thus, the seroposi-
tivity rates and anti-HAV geometric mean concentrations
of participants who had received one dose of vaccine prior
to the start of the study could be distinguished from those
who had received two doses and from those who needed a
second dose of vaccine after enrolment to maintain anti-HAV
concentrations = 10 mIU/mL. Seropositivity was high at
inclusion and remained high. Only six participants (Group C)
received an additional (booster) dose of vaccine according
to the study protocol, and only one study participant
(in Group A) was not seropositive after 3 years.

Currently, there is no clear definition of an HAV sero-
protection threshold following vaccination. Vaccine-induced
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antibody levels are generally high, and few cases of HAV
have been reported among vaccinated persons. Anti-HAV
concentrations of 20 mIU/mL after administration of
immunoglobulins are known to protect against HAV.!>*
However, in vitro studies have shown HAV antibody
concentrations < 20 mIU/mL to be neutralizing."® Because
no absolute protective level has been defined, detectable
concentrations of HAV antibodies are often considered to
indicate seroprotection.'* The lower limit of the assay method
used in this study was 5 mIU/mL; we have considered an
antibody concentration = 10 mIU/mL as seroprotective as
well as seropositive.

Geometric mean concentrations decreased in all groups,
with the greatest change occurring in the third year. The group
of participants who had received two doses of vaccine before
inclusion had higher geometric mean concentrations at each
study visit than those who had received a single dose. The
overall percent decrease in geometric mean concentration
was smaller in Group A, which had received only one dose of
vaccine. The group differences are not likely to be clinically
important because antibody concentrations in all groups far
exceeded 10 mIU/mL. At this time, we cannot account for the
between-group differences in geometric mean concentration
rate of change, but it will be interesting to see what occurs in
the final 2 years of follow-up. A previous 3-year follow-up of
a two-dose primary series of HAV vaccination with the study
vaccine in a country with intermediate endemicity, also found
antibody persistence to be high, as well as evidence that some
participants had been exposed to HAV. In that study, and in
another with a 15-year follow-up, the greatest decrease in
geometric mean concentration occurred in the first year and
then slowed afterwards.'®!’

The rationale for a single-dose vaccination against HAV is
based in part on the expectation that the vaccine would prime
the immune system, which would subsequently respond to or
be boosted by exposure to wild-type HAV circulating in the
environment. Hepatitis A is a reportable disease in Argentina,
and surveillance confirms that decreases in HAV incidence
have continued since routine mass vaccination of children
began in 2005, with only 358 reported cases in 2010.>#

Previous studies of long-term immunity produced by HAV
vaccines have shown that a single priming dose can induce
seroprotective antibody concentrations for at least 2 years,
induce cellular immunity, and an immunologic memory
response to booster vaccination some years later, thus provid-
ing protection even if serum antibody concentrations were not
detectable.!>'®22 The six participants in this study who were
seronegative, ie, had antibody concentrations < 10 mIU/mL

during follow-up, had strong responses to a vaccine booster
dose. The duration of protection provided by vaccina-
tion may thus be longer than suggested by the decline in
antibody level. Underlying immune memory may provide
protection for longer than the duration of detectable anti-
HAV antibodies.? Current reviews conclude that 2-dose
and 3-dose vaccination regimens provide protection for
15-17 years.?** The World Health Organization position is
open to adoption of one-dose HAV vaccination regimens if
the immunologic evidence and reduction in disease burden
support it.!” A single-dose regimen would have both public
health and economic benefits.

Although person-to-person transmission of HAV is
thought to occur most frequently among family members,?
no relationships were observed between the anti-HAV con-
centrations of the study participants and occurrence of HAV
among their family members, and up to a third of participants
had increases in anti-HAV concentration. It is not clear where
exposure to HAV occurred, but increasing attendance at day
care outside the home, as documented in our socioeconomic
results, may have accounted for some of the environmental
exposure.”” It is notable that although the study participants
were drawn from middle-income urban and suburban areas,
there was sufficient exposure to circulating HAV to result
in increases in serum antibodies of some study participants
and HAV infection in some family members. An analysis
of the relation between seroprevalence, water quality, socio-
economic factors, and infection risk for HAV has recently
been published.?®

Quantitation of anti-HAV concentrations is highly depen-
dent on the assay used. Indeed, some increase in individual
antibody concentrations observed at the annual study visits
may be attributable to assay variability. Varying sensitiv-
ity resulting from differences in assay design also affect
the ability to detect low antibody concentrations.?*** Thus
persons who are anti-HAV negative by standard assays after
vaccination might nevertheless have protective antibody
concentrations.'*!® Use of a standard reference serum and
assay modifications have increased the sensitivity of the assay
used in this study.*' Differences in the populations evalu-
ated and the laboratory techniques used make comparisons
between studies difficult, but we believe that longitudinal
studies such as this one can provide an accurate picture of
long-term immunogenicity following HAV vaccination.

Conclusion
A single dose of HAV vaccine (Avaxim 80U Pediatric) at
12-23 months of age resulted in HAV seropositivity that
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lasted for at least 3 years in 364 of 365 (99.7%, 95% CI
98.5-100) of vaccinees in this interim analysis. Geometric
mean concentrations were higher in children who had
received a full vaccination series of two doses at 12 and
18 months of age, but anti-HAV concentrations in both
groups at 3 years of follow-up remained far higher than the
seropositivity threshold of 10 mIU/mL. Some participants
had increased anti-HAV serum concentrations during
the course of the study, suggesting exposure to wild-type
HAV in this middle-income socioeconomic environment.
Continuing surveillance is required to confirm the protective
effectiveness of a single-dose public health strategy for HAV
vaccination of children; however, the results of the first three
years are encouraging.
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