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Worldwide, there are multiple formaldehyde-inactivated and at least two live attenuated
hepatitis A vaccines now in clinical use. The impressive immunogenicity of inactivated
vaccines is reflected in rapid seroconversion rates, enabling both preexposure and postex-
posure prophylaxis. Universal childhood vaccination programs targeting young children
have led to significant drops in the incidence of hepatitis A both in toddlers and in suscepti-
ble nonimmune adults in regions with intermediate endemicity for hepatitis A. Although the
safety of inactivated vaccines is well established, further studies are needed concerning the
implications of fecal virus shedding by recipients of attenuated vaccines, as well as the long-
term persistence of immune memory in children receiving novel immunization schedules
consisting of single doses of inactivated vaccines.

Hepatitis A virus (HAV) infection is a vac-
cine-preventable disease (Lemon et al.

2017). General measures of protection include
adequate personal hygiene, especially in food
handlers and in nursing staff at day-care centers,
quality control and maintenance of a safe water
and food supply, and proper sanitation. Specific
measures include (1) short-term pre- and post-
exposure prophylaxis with immune serum glob-
ulin (IG), (2) long-term pre- and postexposure
active prophylaxis using formaldehyde-inacti-
vated HAV vaccines, and (3) preexposure pre-
vention using a live attenuated vaccine. This re-
view provides an outline of the current means
for immunization against HAV infection for
short- and long-term protection.

IMMUNE GLOBULIN FOR SHORT-TERM
PROTECTION AGAINST HEPATITIS A

IG, prepared through ethanol fractionation of
pooled human plasma, was introduced into clin-

ical practice∼70 years ago (Stokes et al. 1948). A
review of 13 clinical trials, including 567,476
participants randomized to pre- or postexposure
prophylaxis and a meta-analysis of six random-
ized trials, reveals that IG is 80%–90% effective
in reducing the incidence of acute hepatitis A
postexposure. Cumulative experience suggests
that, depending on when it is administered,
postexposure prophylaxis with IG may prevent
or ameliorate clinical symptoms of hepatitis A
but not prevent “silent” asymptomatic infection.
Protection starts within hours of intramuscular
(i.m.) injection of IG into the gluteal or deltoid
muscle, although the duration of protection is
not fully established. The length of protection is
dose dependent, and following injection of 0.02
or 0.06 mL/kg ranges from ∼12 to 20 weeks,
respectively, but it was found to extend to 12
months in one clinical trial (Zaaijer et al. 1993;
Advisory Committee on Immunization Prac-
tices 2006; Liu et al. 2009). Postexposure pro-
phylaxis is only effective with IG if it is admin-
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istered within 2 weeks of exposure (Victor et al.
2007). The mechanism involved in IG protec-
tion against HAV is not fully established. Saul
Krugman showed in 1976 that it is possible to
neutralize the infectivity of HAV in serum by in
vitro incubation with high titer IG before inoc-
ulation into susceptible individuals (Krugman
1976). Later, it was shown that nonenveloped
HAV can readily be neutralized when pretreated
with anti-HAV antibodies before inoculation
onto cultured cells (Lemon et al. 1997). It has
been suggested that anti-HAV (IgG) antibodies
may interfere with HAV uptake in the gut, or
neutralize circulating quasi-enveloped virus fol-
lowing endocytosis into the hepatocyte (Walker
et al. 2015). Circulating quasi-enveloped HAV
virions are resistant to neutralization before en-
docytosis, as the capsid (which is targeted by
neutralizing antibodies) is cloaked by mem-
branes (Feng et al. 2013).

IG has had an excellent safety record when
prepared according to standards approved by
the U.S. Food and Drug Administration
(FDA), and may be administered during preg-
nancy and lactation. Local reactions at the in-
jection site were reported in 13% of recipients in
a small, randomized trial (Shouval et al. 1993).
IG administration is, however, contraindicated
in persons with IgA deficiency who may de-
velop anaphylaxis (Ellis and Henney 1969). IG
may interfere with the response to attenuated
live vaccines such as those for measles, mumps,
rubella (MMR), or varicella for a period of 2 to
20 weeks (Advisory Committee on Immuniza-
tion Practices 2006). No information is yet
available regarding pre- or coadministration of
IG with attenuated live hepatitis Avaccines used
in China, but common sense suggests avoiding
such a combined intervention. Concomitant
administration of formaldehyde-inactivated
HAV vaccines with IG may temporarily inter-
fere with in vivo generation of protective anti-
HAV IgG antibodies. However, despite the
blunting of anti-HAV responses, recipients of
combined passive/active immunization against
HAV usually respond to a booster injection of
the HAV vaccine (Green et al. 1993), suggesting
the development of immune memory against
HAV.

The use of IG for pre- and postexposure pro-
phylaxis against HAV is gradually declining
worldwide for several reasons. These include its
high cost, declining herd immunity againstHAV
in developed countries, which is leading to low
anti-HAV IgG titers in plasma pools, the short
duration of protection afforded by IG, andwide-
spread availability of formaldehyde-inactivated
HAVvaccines. Suchvaccineshavebeen shown to
be equally effective in inducing rapid postexpo-
sure prophylaxis, provided the first dose of vac-
cine is administered within 2 weeks of exposure
(Victor et al. 2007), although protection lasts
much longer than with IG. The declining anti-
HAV antibody titers in potential plasma donors
have led to establishment of an international
standard for HAV immunoglobulin preparation
(Zaaijer et al. 1993; Ferguson et al. 2000); IG
should contain ≥100 IU/mL of anti-HAV IgG
antibodies according to recommendations of
the European Pharmacopeia. A recent survey by
theU.S. Centers forDiseaseControl andPreven-
tion of the HAV-neutralizing potential of IG
preparations manufactured in Western coun-
tries revealed an anti-HAV potency >100 IU/
mL in only two of nine preparations tested (Te-
jada-Strop et al. 2017). Modeling suggests that
the duration of protection against HAV using
such IG products falls short of 3 months, and
that the current recommended dosing of IG
should be increased unless the plasma pools
used for production are “harvested” fromhyper-
immunized donors. It was also suggested that
variance in anti-HAV IgG assay specificity
would be reduced by adopting a standardized
functional neutralization assay for licensing of
IG. All in all, however, the use of IG is declining
worldwide, and should be restricted to pre- or
postexposure prophylaxis only in regions where
timely administration of inactivated HAV vac-
cine is not possible, or immune responses to vac-
cine are expected tobe suboptimal because of age
or other patient characteristics.

ACTIVE IMMUNIZATION AGAINST
HEPATITIS A

A number of “active” hepatitis A vaccines have
been developed following an extended series of
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pivotal discoveries made during the last three
decades of the 20th century (Hilleman 1993;
Martin and Lemon 2006; Binn and Lemon
2010). These breakthroughs included the dis-
covery of HAV via immune electronmicroscopy
(Feinstone 1973), development of diagnostic se-
rologic tests for hepatitis A, and much later mo-
lecular probes (Nainan et al. 2006), and propa-
gation of HAV, initially in vivo, in nonhuman
primates, and then in vitro in cell cultures, lead-
ing to the development of cell culture–adapted,
attenuated viral strains (Provost and Hilleman
1979; Purcell et al. 1992). Two types of HAV
vaccines are currently in clinical use, namely,
formaldehyde (“killed”) and live attenuated vac-
cines (Shouval 2010; Cui et al. 2014). Most
countries have opted for use of formaldehyde-
inactivated HAV vaccines for pre- and postex-
posure prophylaxis because of superior immu-
nogenicity and to avoid the potential risk of
reversion to virulence of live attenuated virus.
In China, both live and inactivated vaccines
are available (Cui et al. 2014). The success of
two randomized controlled trials of formalde-
hyde-inactivated HAV vaccines in the United
States and in Thailand, conducted in children
in the early 1990s, paved the way for the intro-
duction and licensure of such vaccines world-
wide (Werzberger et al. 1992; Innis et al. 1994;
WHO 2012). Currently licensed HAV vaccines
are listed in Table 1.

HEPATITIS AVACCINES

Multiple formaldehyde-inactivated HAV vac-
cines are manufactured in Europe, the United
States, and Asia, and at least two attenuated vac-
cines are produced in China and elsewhere (Ta-
ble 1). All HAV vaccines, whether inactivated or
live, contain HAV propagated in cell culture,
which leads generally to its attenuation. Viral
attenuation results from serial passages in dif-
ferent human and nonhuman mammalian cells
and has been associated in one strain (HM175)
with a small number of mutations in the non-
structural proteins of the virus, particularly in
the 2B and 2C proteins (Funkhouser et al. 1994;
Emerson et al. 2002; Martin and Lemon 2006;
Xu and Wang 2014).

The inactivated vaccines, HAVRIX,
VAQTA, and AVAXIM contain purified, form-
aldehyde-treated cell culture–derived HAV ad-
sorbed to aluminum hydroxide; aimugen con-
tains highly-purified inactivated virus, but is
aluminum-free. The HAV antigen in EPAXAL
is formulated in influenza-reconstituted viro-
somes. VAQTA, HAVRIX, EPAXAL, HEA-
LIVE, and the Chinese Lv-8-inactivated HAV
vaccine, are at present preservative-free (Shouval
2010). The biological activity of inactivated hep-
atitis Avaccines is measured either by an in vivo
relative potency assay or by an immunochemical
determination of antigen. A reference standard,
calibrated in international units (IUs), has been
developed in Europe for the in vitro potency
assay of formaldehyde-inactivated vaccines
(Stalder et al. 2010; Morgeaux et al. 2015).

Inactivated hepatitis A vaccines should be
refrigerated at 2°C to 8°C; the vaccines should
not be frozen. The shelf-life for inactivated
hepatitis A vaccines ranges between 24 and 36
months, as specified by the manufacturers
(Shouval 2010; Kumru et al. 2014). Most HAV
vaccines come in liquid form, except for the
Japanese formaldehyde-inactivated aimugen
vaccine that is freeze-dried, as are the Chinese
LA-1 and H2 live attenuated vaccines (Table 1).

In China, three formaldehyde-inactivated
and two live attenuated monovalent HAV vac-
cines are available (Table 1). Vaccine-induced
protection against HAV infection is defined as
an anti-HAV titer≥20 mIU/mL. These vaccines
were integrated into theChinese national immu-
nization program beginning in 2007 and are rec-
ommended for all 18-month-old toddlers and
older children. Live attenuated vaccines are ad-
ministered as one subcutaneous (s.c.) dosewhile
the formaldehyde-inactivated vaccines are given
as two i.m. doses, administered 6 months apart.
Related live attenuated HAV vaccines are li-
censed in India, Guatemala, Philippines, and
Thailand under different brand names (Cui
et al. 2014).

In addition to monovalent HAV vaccines,
combination formaldehyde-inactivatedvaccines
have been developed in Europe against HAV
and HBV, as well as HAV and typhoid (Van
Damme and Van Herck 2004; Shouval 2010).

Immunization against HAV
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ASSESSMENT OF PROTECTION AGAINST
HAV FOLLOWING IMMUNIZATION

Most HAV infections originate from ingestion
of the virus in contaminated food or water, fol-
lowing which the virus somehow traverses the
intestinal barrier and is transported to the liver

via the portal circulation. Whether it undergoes
replication at a primary site in the gut is un-
known. Although data from humans infected
with HAV are scarce, replication of the virus
within liver cells generates active innate and
adaptive humoral and cellular immune re-
sponses that eventually clear the virus (Walker

Table 1. Licensed monovalent hepatitis A virus vaccines manufactured in the United States, Europe, Japan, and
China

Vaccine type
HAV
strain Trade namea Adjuvant

Administration (dosage)

Manufacturer(s)Route Pediatric Adult

Formaldehyde-
inactivated

HM-175 HAVRIX Alum
hydroxide

i.m. 720 EU 1440 EU GlaxoSmikthKline
Biologicals

Formaldehyde-
inactivated

CR-326 VAQTA Alum
hydroxide

i.m. 25 U 50 U MerckVaccines

Formaldehyde-
inactivated

GBM AVAXIM Alum
hydroxide

i.m. 80 U 160 U Sanofi-Pasteur

Formaldehyde-
inactivated

RG-SB EPAXALb Virosome i.m. 24 U 24 U Crucell/Berna Biotech

Formaldehyde-
inactivated

TZ-84 Healive Alum
hydroxide

i.m. 250 U 500 U Sinovac Biotech

Formaldehyde-
inactivated,
freeze-dried

KRM003 Aimugen Alum-free i.m. 0.5 µg 0.5 µg Chemo-Sero-
Therapeutic
Research Institute,
Japan; Kaketsuken

Formaldehyde-
inactivated

Lv-8 Weisairuian Alum
hydroxide

i.m. 320 EU 640 EU Institute of Medical
Biology, Chinese
Academy of Medical
Sciences

Formaldehyde-
inactivated

YN-5 Veraxim Alum
hydroxide

i.m. 800 EU 1600 EU Shanghai Wilson
Bioengineering

Live attenuated,
freeze-dried

H2 Weisairuiji
Biovac-A
Mevac-A

None s.c. 6.5 log10 CCID50 Institute of Medical
Biology, Chinese
Academy of Medical
Sciences; Zhejiang
Pukang
Biotechnology;
Zhejiang Academy of
Medical Sciences

Live attenuated,
freeze-dried

LA-1 HAVAC None s.c. 6.5 log10 CCID50 Changchun Institute of
Biological Products;
Changchun
Changsheng Life
Sciences

Data modified and updated from Shouval (2010) and Cui et al. (2014).
Limited information is available for Hep-A-in-Vac: an inactivated HAV vaccine manufactured in Russia (Gorbunov et al.

1998).
i.m., intramuscular; s.c., subcutaneous.
a Some vaccine preparations are sold under multiple brand names in different countries.
b EPAXAL manufacture was discontinued in 2014.
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et al. 2015). In contrast, viral replication does
not occur after immunization with inactivated
HAV vaccine, and protection against HAV is
most likely primarily antibody-based. However,
immunization with “killed” vaccines also leads
to a measurable cellular immune response that
lasts for at least 6 years and probably longer
(Shouval 2010).

The minimal protective level of anti-HAV
IgG is not known. By convention, humoral pro-
tection against HAV is generally assumed to
have been achieved when postvaccination anti-
HAV IgG levels reach between 10 to 33 mIU/
mL, depending on vaccine manufacturer and
immunoassay used. In a clinical trial involving
children in which both pre- and postexposure
protection was shown (Werzberger et al. 1992),
the geometric mean titer (GMT) of anti-HAV 4
weeks after immunization with a 25 unit dose of
VAQTAwas ∼45 mIU/mL, which was indistin-
guishable from the anti-HAV titer in adults 7
days after administration of IG 0.06 mL/kg
(Lemon et al. 1997). Clinical evidence suggests
that protection is still present for a limited period
in IG recipients even in the absence of detectable
anti-HAV by licensed assays. Detection of anti-
HAV (IgG) antibodies by qualitative assays sig-
nifies immunity to hepatitis A (Shouval 2010).
Low levels of IgM anti-HAV antibodies may be
detectable by conventional or experimental as-
says for a few weeks in ∼20% of recipients of
inactivated HAV vaccines (Shouval et al. 1993).
Therefore, screening with IgM anti-HAV assays
is not a reliable means for distinguishing be-
tween acute hepatitis A and the anti-HAV anti-
body response to vaccination.

IMMUNOGENICITYOF HAV VACCINES AND
IMMUNE MEMORY

Inactivated HAV Vaccines

Inactivated hepatitis A vaccines are highly im-
munogenic, irrespective of vaccine brand
(Shouval 2010), and lack of a response to immu-
nization is rare (Garner-Spitzer et al. 2009). In
children and young adults, i.m. vaccination with
the first of two recommended doses leads to
rapid, measurable seroconversion from anti-

HAV-negative to anti-HAV-positive in >90%
of vaccinees within 2 weeks of the priming
dose (Shouval et al. 1993; Victor et al. 2007;
Shouval 2010). A double-blind, randomized
controlled study, comparing the Chinese inacti-
vatedTZ84 vaccinewithHAVRIX in 400healthy
volunteers, showed that both vaccines provided
for a 100% seroconversion rate in all 1- to 8-year-
old children receiving two doses of vaccine
during a 6-month interval (Cui et al. 2014).

Several determinants have a marginal quan-
titative effect on blunting of the anti-HAV re-
sponse (Shouval 2010). These factors include
being overweight, of advanced age, smoking,
and passive transfer of anti-HAV antibodies be-
fore administration. Prior treatment with IG or
passive transfer of anti-HAV antibodies from an
HAV immune mother to the fetus may lead to a
lower quantitative anti-HAV response to inac-
tivated HAV vaccine. However, there is current-
ly no evidence that such a reduced humoral
immune response has a long-term impact on
protection or immune memory against HAV
in recipients of a full course of an inactivated
vaccine. Immune suppressed individuals, such
as patients with HIV infection, solid organ and
stem-cell transplant recipients, and patients
with chronic liver disease do respond favorably
to immunization with inactivated HAV vaccine,
although seroconversion rates and anti-HAV
titers may be somewhat lower as compared
with immune-competent vaccinees (Shouval
2010).

Concurrent administration of routine child-
hood or travel-related monovalent and trivalent
vaccines with inactivated HAV vaccine does
not interfere with immunogenicity, enhance re-
actogenicity, or alter the safety of the individual
vaccines as long as vaccines are injected at dif-
ferent sites.

Long-term surveillance of immune compe-
tent vaccinees has confirmed that vaccine ac-
quired protection following administration of
two vaccine doses, injected 6–12 months apart,
lasts for at least 20 years. Mathematical model-
ing suggests that immune memory to vaccina-
tion extends for a longer period, up to 40 years
in >90% of vaccinees (Plumb et al. 2017; Van
Damme et al. 2017). Similar data have been re-
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ported for a virosome-formulated HAV vaccine
(Chappuis et al. 2017). Rechallenge of vaccines,
12 years after administration of a complete in-
activated vaccine series, led to an anamnestic 32-
to 100-fold increase in anti-HAV levels despite
waning antibody titers (Van Herck et al. 2004).
Thus, immune memory against HAV, estab-
lished through immunization with inactivated
vaccines, persists for decades in immune com-
petent individuals. Booster doses are therefore
not recommended in vaccinees who have com-
pleted a two-dose vaccination schedule (Van
Damme et al. 2003). Finally, the extraordinary
immunogenicity of inactivated HAV vaccines
has led to the introduction of a single-dose im-
munization strategy in Argentina (Vizzotti et al.
2015), a pioneering step that will be discussed
later in this review.

Live, Attenuated Vaccines

Two live attenuated hepatitis A vaccines, con-
taining the H2 and LA-1 strains of virus, have
been developed in China (Table 1) (Cui et al.
2009; Wu et al. 2012; Liu et al. 2013; Xiong
et al. 2014; Zhang et al. 2016). Only limited in-
formation is available on the attenuating muta-
tions present in the genomes of the Chinese at-
tenuated strains of HAV (Jiang et al. 2004), but
the nucleotide sequence of the H2 virus is re-
markably similar to an attenuatedHM175 strain
vaccine candidate developed in Robert Purcell’s
laboratory at the U.S. National Institutes of
Health (Karron et al. 1988; Binn and Lemon
2010). The Chinese live attenuated vaccines, ad-
ministered s.c. as a single dose, have been tested
in clinical trials in China (Mao et al. 1997), and
have been integrated along with inactivated vac-
cines into the Chinese national immunization
program. Immunization with a single 6.5 log10
cell culture–infectious units dose of the live at-
tenuatedH2 strain led to a seroconversion rate of
94% at 2months, remaining at 91%atmonth six.
A recent review describes seroconversion rates
of 72%–100% in multiple additional clinical tri-
als performed with the H2 vaccine among chil-
dren in China and India (Rao et al. 2016). The
reported safety profile of the vaccine has gener-
ally been good. However, in one study in China,

H2 vaccine virus was recovered from stools of
vaccine recipients as well as from 51 of 75 (71%)
contacts who were not immunized (Cui et al.
2014). In two instances, virus from contacts
was subsequently passaged into marmosets. Al-
though none of the contacts or marmosets ap-
pear to have developed frank hepatitis A, these
observations raise concerns related to the ulti-
mate stability of the attenuation phenotype of
H2 virus during passage through humans and
the possibility of reversion.

VACCINE EFFICACY: PREEXPOSURE
PROPHYLAXIS

Inactivated HAV Vaccines

The efficacy of formaldehyde-inactivated HAV
vaccines for preexposure prophylaxis has been
established in three randomized controlled trials
using HAVRIX, VAQTA, or EPAXAL. A dou-
ble-blind placebo-controlled trial was conduct-
ed in the United States in 1037 children, 2–16
years old, who were at high risk for hepatitis A
and who received two doses of 25 units of
VAQTA or placebo at entry and 6–18 months
later. A high rate of HAV infection in the study
population showed 100% efficacy (95% confi-
dence interval [CI], 87.3%–100%) following
the first dose of vaccine (Werzberger et al.
1992). A second study conducted in Thailand
in an area with a high incidence of hepatitis A
compared HAVRIX and a control hepatitis B
vaccine, which was administered to 40,119 chil-
dren 1–16 years old. HAVRIX 360 EU/dose was
administered intramuscularly at 0, 1, and 12
months. Protection against clinical hepatitis A
(which was confirmed by a total anti-HAV titer
<20 mIU/mL), was shown in 94% and 99% of
seronegative vaccinees after the second and third
dose, respectively (95% CI, 79%–99%) (Innis
et al. 1994). Inactivated HAV vaccines with dif-
ferent brand names andmanufactured by differ-
ent companies contain different viral strains, but
they are interchangeable, with any substituting
for a second dose in avaccine series, as shown for
HAVRIX, AVAXIM, EPAXAL, and VAQTA
(Dagan et al. 2007; Soysal et al. 2007; Abarca
et al. 2008).
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Live Attenuated Vaccines

Most of the clinical experience with HAV vac-
cines generated in China is published in the
Chinese language and with the exception of a
recent comprehensive review, only a limited
number reports are available in English (Cui
et al. 2014). Randomized controlled studies, per-
formed between 1997 and 2003, indicated that
the efficacy of the live attenuated hepatitis A
vaccine (H2 strain) ranged between 94% and
100%. A meta-analysis of the efficacy of live at-
tenuated vaccines (H2 and LA-1 HAV strains)
included 13 randomized trials and showed that
the protective efficacy was 96% (95% CI, 93%–
98%), which is equal to that of formaldehyde-
inactivated vaccines (Cui et al. 2014; Rao et al.
2016). A recent report compared anti-HAV an-
tibody persistence following immunization with
a single dose of three different vaccines in
school-age children, namely, the H2 live atten-
uated Chinese vaccine, the domestic Chinese
inactivated healive vaccine, and the HAVRIX
inactivated vaccine (Zhang et al. 2016). Serocon-
version rates were somewhat lower compared
with previous reports (64%, 94.4%, and 73%,
respectively) 12 months postvaccination, com-
pared with 1% in a control group that received
one dose of an HBV vaccine. Results were sim-
ilar 24 months postimmunization. It appears
that seroconversion to anti-HAV positivity fol-
lowing a single s.c. dose of a live attenuated vac-
cine occurs more slowly than with inactivated
vaccines, starting at 3 weeks postinoculation and
reaching 74%–87% by week 12 and 83% at week
24 (Mao et al. 1997; Cui et al. 2014). Persistence
of anti-HAV antibodies in recipients of live at-
tenuated vaccines was documented in 72%–88%
of recipients of the H2 live attenuated vaccine
for a period of up to 15 years (Mao et al. 1997;
Cui et al. 2009, 2014).

VACCINE EFFICACY: POSTEXPOSURE
PROPHYLAXIS

Preexposure prophylaxis using inactivated or
live attenuated vaccines is an effective means
for prevention of a large number of infectious
diseases. In contrast, the use of vaccines for post-

exposure prevention is limited to a small num-
ber of vaccines with variable efficacy. The first
evidence that inactivated vaccinesmight provide
effective postexposure prophylaxis came from
the pivotal efficacy trial of the inactivated HAV
vaccine VAQTA, conducted in the early 1990s
(Werzberger et al. 1992). The study was initiated
concurrent with an outbreak of hepatitis A
among children within a commune-like setting.
None of the immunized children developed
hepatitis more than 16 days after receiving a
single 25-unit dose of VAQTA. Because the in-
cubation period for hepatitis A is on the order of
28–30 days, this suggested that the vaccine pre-
vents hepatitis A if administered within 2 weeks
of exposure (Werzberger et al. 1992). A number
of clinical trials and anecdotal reports later con-
firmed that postexposure immunization against
hepatitis A can be as effective as IG.

Effective postexposure prophylaxis with an
inactivated HAV vaccine was shown in the con-
trol of an outbreak in Slovakia (Prikazsky et al.
1994), and in a controlled trial in Italy (Sagliocca
et al. 1999), which revealed 79% (95% CI, 7%–
95%) protective efficacy in household contacts
of acute hepatitis A cases. In Israel, postexposure
intervention with an inactivated vaccine led to
interruption of an outbreak within 2 weeks, in
contrast to relatively poor performance of IG
(Zamir et al. 2001). Finally, the efficacy of post-
exposure prophylaxis with an inactivated vac-
cine was established through a randomized con-
trolled trial comparing active immunization
with passive immunization with IG (Victor
et al. 2007). In this trial, 1090 household and
day-care contacts (2–40 years old) of index cases
with acute hepatitis A were randomized to re-
ceive either inactivated hepatitis Avaccine or IG.
Acute hepatitis A, confirmed by anti-HAV IgM
testing, occurred in 4.4% and 3.3% of the study
groups, respectively (RR 1.35; 95% CI, 0.70–
2.67). These results led to a recommendation
by the U.S. Advisory Committee on Immuniza-
tion Practices (ACIP) that persons with recent
(<2 weeks) exposure to HAV, who have not re-
ceived hepatitis A vaccine previously, should be
administered either a single dose of inactivated
vaccine (single antigen) or IG (Advisory Com-
mittee on Immunization Practices 2007). Al-
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though not validated in controlled studies in
persons older than 40 years of age, it seems like-
ly, given the proven immunogenicity of inacti-
vated HAV vaccines in adults, that this policy
would also be appropriate for older subjects.
Altogether, using inactivated hepatitis Avaccine
instead of IG for postexposure prophylaxis has
numerous advantages, including induction of
long-term protection against hepatitis A (in
contrast to IG), particularly if followed by a sec-
ond dose of vaccine at 6 months, as well as ease
of administration at a similar cost. At present, no
data are available to support the use of live at-
tenuated vaccines administered for postexpo-
sure prophylaxis and thus, such vaccines should
only be used for prevention of HAV infection.

IMMUNIZATION STRATEGIES

Recommendations for protection against hepa-
titis A vary geographically and largely depend
on the degree of endemicity of the disease, eco-
nomic resources, and priorities of health care
agencies. There are currently four strategies in
use: targeted immunization of defined popula-
tions at risk, childhood vaccination in regions
with increased risk of infection, universal im-
munization of toddlers, and single-dose immu-
nization.

Targeted Immunization of Defined
Populations at Risk

Following the licensure of the first inactivated
HAV vaccines in the 1990s, initial recommen-
dations for preexposure prophylaxis included
immunization of specifically defined groups at
risk for contracting hepatitis A. These groups
included international travelers to areas with in-
termediate and high endemicity of hepatitis A,
men who have sex with men (MSM), intrave-
nous drug (i.v.) users, day-care center staff, care-
takers of nonhuman primates, and patients with
blood clotting disorders who receive blood-de-
rived products. Added to this list were patients
with chronic liver disease and food handlers, for
whom the consequences of HAV infection can
be particularly significant, either for severity of
disease or transmission to others. Although this

policy is still appropriate in regions of low or
very high endemicity, providing individual pro-
tection to vaccinees and reducing the risk of
small outbreaks, it had little impact on overall
reduction of disease burden and the incidence of
hepatitis A in the community.

Regional Childhood Vaccination

This strategy has been introduced in a number of
countries in which the geographic distribution
of HAV infection is heterogenous and where
defined regions have high rates of hepatitis A
incidence and outbreaks compared with other
neighboring areas. Three demonstration proj-
ects targeting immunization of young children,
conducted in Alaskan natives, in Native Amer-
icans, and in Butte County, CA, led to 94%–97%
reductions in the incidence of reported sympto-
matic acute hepatitis Awithin 6–10 years (Bialek
et al. 2004; Wasley et al. 2005). In Alaska, the
hepatitis A incidence fell to an unprecedented
lowof 0.1 cases/100,000with vaccine coverage of
50%–80%. Similar projects were introduced in
Puglia, Italy in 1997 (Lopalco et al. 2000), in
Catalonia, Spain in 1998 (Lopalco et al. 2000;
Dominguez et al. 2003), and in North Queens-
land, Australia in 1999 (Hanna et al. 2004), lead-
ing to 90%–97% declines in the incidence of
hepatitis A in these regions.

Universal Vaccination

The cumulative experience gained through the
regional vaccination projects in pediatric popu-
lations paved the way for the introduction of a
third immunization strategy, namely, universal
vaccination against HAV. By 2016, 12 countries
had embarked on the road toward universal
HAV vaccination in young children.

In 1999, Israel became the first country
worldwide to introduce universal HAV vaccina-
tion given as two doses to toddlers at 18 and 24
months of age (Dagan et al. 2005). The decision
to introduce universal immunization was based
on a cost-efficacy analysis as well as on the fact
that the epidemiology of HAV was in transition
from high-to-intermediate endemicity (Gins-
berg et al. 1992). With vaccine coverage of
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85%–90%, the annual incidence of hepatitis A
dropped by 95% within 2–3 years of program
initiation. The strategy of universal vaccination
led to a marked decrease in attack rates of hepa-
titisA, not only in toddlers and childrenbut in all
age groupsup to the age of 44 years. Consequent-
ly, universal immunization led to a shift from a
state of intermediate HAV endemicity to very
low endemicity with an annual incidence of
∼2.5 cases/100,000 (Figs. 1 and 2) (Dagan et al.
2005; Chodick et al. 2008; Barkai et al. 2009).

It should be noted that despite the remark-
able impact of universal immunization on the
incidence of hepatitis A in Israel, HAV still cir-
culates in the sewage system in the major cities,
suggesting continuous import of virus from
nearby geographic regions that have not yet in-
troduced universal immunization (Manor et al.
2016). The presence of virus in sewage system
demands continuous surveillance, as the declin-
ing incidence of HAV infection has led to in-
creased susceptibility in older, nonimmunized
populations.

In 1999, the ACIP released a recommenda-
tion to immunize all children in 11 southwest-
ern U.S. states with the highest reported inci-
dence of hepatitis A nationally (>20 cases/
100,000) (Advisory Committee on Immuniza-
tion Practices 1999). Despite a relatively low vac-
cine coverage, this action led to a decline of acute
hepatitis A cases <5/100,000 cases within a short
period of time (Fig. 3). As in Israel, the incidence
of hepatitis Awas reduced, not only in children,
but also in adults, reflecting the important role
of diapered infants and young children in trans-
mission of the infection. In 2006, the recom-
mendation to immunize children over the age
of 1 year was extended to the entire United
States (Advisory Committee on Immunization
Practices 2006).

A summary of the cost effectiveness of var-
ious immunization strategies described in 31
studies was published by the World Health Or-
ganization (WHO) in 2012 (WHO 2012). Uni-
versal immunization was particularly cost-effec-
tive in children, especially in high incidence
regions with all reported cost-effectiveness ra-
tios decreasing below approximately U.S.
$35,000 per quality-adjusted life year (QALY).

A recent review of 27 studies conducted in coun-
tries that introduced universal immunization
confirmed the impressive impact of introduc-
tion of universal immunization on the incidence
of HAV infection. All studies, except one,
showed a marked reduction in the incidence of
hepatitis A with a decline of infection also in
nonvaccinated populations (Stuurman et al.
2017). In summary, although complete eradica-
tion of HAV worldwide remains an elusive goal,
available data suggest that universal childhood
immunization is the most efficient and appro-
priate public health measure for prevention of
hepatitis A in many regions of the world. This
approach is of particular benefit for countries
with intermediate HAV endemicity or countries
in transition from high to intermediate ende-
micity of infection.

Single-Dose Immunization

Despite favorable cost/benefit analyses that jus-
tify introduction of universal immunization in
regions at risk, the cost of universal immuniza-
tion using two doses of an inactivated HAV vac-
cine is still prohibitive for many countries. In
2005, Argentina became the first country to in-
troduce universal immunization of children at
12 months of age using a single dose of inacti-
vated vaccine (Vizzotti et al. 2015). This deci-
sion was supported by several reports suggesting
that anti-HAV seroprotection rates following
the priming dose of inactivated HAV vaccines
may reach 88% within 2 weeks, rising to 97%–
100% within several months before administra-
tion of the booster dose (Van Damme et al.
1994; Ashur et al. 1999; Vacchino 2008; Shouval
2010). The impact of this single-dose immuni-
zation strategy was similar to the one observed
in Israel following the introduction of a two-
dose universal immunization strategy. The orig-
inal baseline incidence of hepatitis A in Argen-
tina dropped from 70.5 to 173.8 cases/100,000
between 1995 and 2004 to ∼10 cases/100,000 in
all age groups within a few years, representing a
>80% decrease in incidence (Fig. 4) (Vizzotti
et al. 2014, 2015; Uruena et al. 2016). In addi-
tion, the rate of liver transplantation for fulmi-
nant hepatitis A has dropped in Argentina.
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This single-dose immunization strategy is
now being adopted by several countries in Latin
America. In Nicaragua, a randomized, placebo-
controlled, double-blind trial of a single dose of
EPAXAL, a virosome-formulated, alum-free, in-
activated HAV vaccine, was conducted in 274
children (Mayorga Perez et al. 2003). Children
(age range 1.5–6 years) received vaccine or pla-
cebo injections. HAV infection was diagnosed

by the presence of IgM anti-HAV in four chil-
dren in the vaccine group, and 22 children in the
placebo group, revealing a protective efficacy of
84.6% (95% CI, 54.7%–96.1%); protection was
100% by week 6 after immunization.

In contrast to the two-dose schedule usually
used for inactivated HAV vaccines, the standard
schedule for live attenuated HAV vaccine is a
single dose, as used in China, India, and some
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virus (HAV) vaccine at 18 and 24 months of age. Data collected through passive surveillance by the Israeli
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other countries as described above (Cui et al.
2014).

SAFETY OF HEPATITIS AVACCINES

Inactivated HAV Vaccines

Inactivated HAV vaccines have had an excellent
record of safety and tolerability in children and
adults alike and are interchangeable for use in
booster doses (Shouval 2010). Almost 200 mil-
lion doses of inactivated hepatitis Avaccinewere
sold worldwide between 1995 and early 2006.
Adverse reactions are generally mild, and most
often confined to local irritation at the site of
injection; headache has also been reported as
well as irritability in young children. Based on
the cumulative experience gained until 2006, the
overall safety profile of all formaldehyde-inac-
tivated hepatitis A vaccines reported in the
present review, irrespective of manufacturers,
is excellent. Comprehensive safety data can be
found in recommendations from the ACIP (Ad-
visory Committee on Immunization Practices
2006), aWHO report on the immunologic basis
of immunization (Shouval 2010), and the review
from Cui et al. (2014).

Live Attenuated HAV Vaccines

As of 2010, freeze-dried live-attenuated hepati-
tis A vaccines had been given to >80 million

people, mainly children, in China. Only 12
cases of mild adverse reactions were reported
directly to the manufacturers from 2007
through 2009, and no fatalities or serious reac-
tions were reported to the Chinese Center for
Disease Control and Prevention (CDC) (Cui
et al. 2014). Postmarketing surveillance revealed
that local and systemic adverse events in recip-
ients of live attenuated HAV vaccines in China
were similar to those reported for the recipients
of Chinese inactivated HAV vaccines. However,
the well-documented transmission of vaccine
virus to close contacts of recipients of live at-
tenuated vaccines remains a concern. Although
reversion to virulence has not been reported,
this requires further study, as does the degree
of secondary spread of virus to nonimmune
persons.

CONCLUDING REMARKS

In can be stated without reservation that hepa-
titis A vaccines are among the most immuno-
genic, safest, and well-tolerated vaccines ever
produced. Immunization leads to long-lasting
protection against acute hepatitis A. Strategies
for immunization should be tailored to individ-
ual countries, based on endemicity of HAV in-
fection, available resources, and public health
priorities. Cumulative experience suggests that
universal immunization of toddlers is the most
efficient mean for prevention of hepatitis A in
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countries in transition from high to intermedi-
ate endemicity of HAV infection.
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