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ABSTRACT
Hepatitis A virus (HAV) infections continue to represent a significant disease burden causing approxi
mately 200 million infections, 30 million symptomatic illnesses and 30,000 deaths each year. Effective and 
safe hepatitis A vaccines have been available since the early 1990s. Initially developed for individual 
prophylaxis, HAV vaccines are now increasingly used to control hepatitis A in endemic areas. The human 
enteral HAV is eradicable in principle, however, HAV eradication is currently not being pursued. 
Inactivated HAV vaccines are safe and, after two doses, elicit seroprotection in healthy children, adoles
cents, and young adults for an estimated 30–40 years, if not lifelong, with no need for a later second 
booster. The long-term effects of the single-dose live-attenuated HAV vaccines are less well documented 
but available data suggest they are safe and provide long-lasting immunity and protection. A universal 
mass vaccination strategy (UMV) based on two doses of inactivated vaccine is commonly implemented in 
endemic countries and eliminates clinical hepatitis A disease in toddlers within a few years. Consequently, 
older age groups also benefit due to the herd protection effects. Single-dose UMV programs have shown 
promising outcomes but need to be monitored for many more years in order to document an effective 
immune memory persistence. In non-endemic countries, prevention efforts need to focus on ‘new’ risk 
groups, such as men having sex with men, prisoners, the homeless, and families visiting friends and 
relatives in endemic countries. This narrative review presents the current evidence regarding the immu
nological and epidemiological long-term effects of the hepatitis A vaccination and finally discusses 
emerging issues and areas for research.
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1. Introduction

Hepatitis A virus (HAV) infections continue to represent 
a significant disease burden worldwide causing approximately 
200 million infections, 30 million symptomatic illnesses and 
30,000 deaths per year.1,2 Effective and safe hepatitis A vaccines 
have been available since the early 1990s. Initially developed for 
individual prophylaxis, these vaccines are now increasingly used to 
control hepatitis A in endemic areas in the hope to eliminate HAV 
in the long run. Following brief summaries on the main features 
and epidemiology of hepatitis A, as well as on the characteristics of 
the available HAV vaccines, this narrative review presents the 
immunological and epidemiological long-term effects of the hepa
titis A vaccination, mainly based on publications reporting on well- 
established long-term data, i.e. with follow-up periods of 5–10 years 
or more. Finally, emerging trends in the epidemiology of hepatitis 
A and areas in need of more research will be discussed.

1.1. Hepatitis A disease3,4

Hepatitis A is an enteral virus infection caused by the HAV, 
a single-stranded RNA-virus of the Picornaviridae family. The 
virus enters through gut cells and arrives to the liver by the 

portal vein. Damage to the hepatocytes is caused by the reac
tion of the immune system and not by the virus itself which is 
not cytopathic. HAV is mainly transmitted by the fecal-oral 
route, thus contaminated food and water, person-to-person 
contact and men having sex with men (MSM), can all transmit 
this virus. Very rarely infection occurs parenterally via blood 
products.

The incubation period ranges from 14 up to 50 days. The first 
unspecific symptoms are malaise, fatigue, anorexia, vomiting, 
abdominal discomfort and diarrhea. In the case of a more pro
nounced symptomatic illness – which significantly increases with 
age (<10%, 50–75%, and ≥85% symptomatic illness at age <5 
years, 10–15 years and ≥18 years, respectively)5 – dark urine, 
pale stool, and jaundice can be observed. Disease severity and 
case-fatality are strongly correlated with age,6 the latter ranging 
from 0.1% in children <15 years of age to 0.3% at 15–39 years of 
age and rising to 1.8–5.4% above the age of 50 years. The majority 
of deaths are caused by fulminant hepatic failure (overall inci
dence of 0.015–0.5%), usually necessitating liver transplantation, 
which has a fatality rate of ≥30% with and ≥60% without trans
plantation. There exists only one serotype of the HAV, but the 
pathogenicity might differ between HAV genotypes or nucleotide 
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sequence variants7 and/or might differ due to genetic host 
factors,8 both topics, however, are still not fully elucidated.

Infection-induced immunity persists for life. The humoral 
immune response is mainly directed against the capsid proteins 
of the non-enveloped 27 nm virus. At first, anti-HAV IgM 
antibodies appear 5–10 days before the onset of symptoms; 
their presence is diagnostic for an acute HAV infection and 
they only persist for 4 to 6 months. Anti-HAV IgG antibodies 
start rising sharply only during the first weeks of illness and can 
reach several 100,000 mIU/ml,9 with 10–20 mIU/ml being the 
cutoff for seroprotection.10 The IgG antibodies possess virus 
neutralizing activity and protect from re-infection. The acute 
cell-mediated immune response (CMI) is responsible for the 
pathogenesis of hepatitis A. Whether cytolytic T-Cells (CD8+) 
and/or other mechanisms of the CMI are eventually causing 
the hepatocyte injury and necrosis, is still debated.11

1.2. Hepatitis A epidemiology3,4,12

As a human enteral virus infection, typically associated with poor 
hygiene and lack of access to clean water,13 hepatitis A is – similar 
to poliomyelitis – theoretically eradicable. Hepatitis A continues to 
represent a significant worldwide health issue. It was estimated to 
have caused in 2005 – apart from approximately 200 million 
subclinical and oligo-symptomatic hepatitis A virus (HAV) 
infections1 – 33 million cases of symptomatic illness2 and 35,000 
deaths.1 The Global Burden of Disease (GBD) project estimates 
a much lower figure of 14,900 deaths in 2013, a 40% reduction 
since 1990.14 These global evaluations are, however, not directly 
comparable, as they are based on different data sets and are using 
different evaluation methods.

In high-endemicity countries, 100% anti-HAV IgG ser
oprevalence is reached before adulthood, with the majority 
of children being infected by the age of 5 years. While 
infants are protected by maternal anti-HAV antibodies,15 

children up to 5 years of age are the main source of 
infection. Levels of hepatitis A endemicity are defined on 
the basis of seroprevalence: “high (≥90% by age 10 years); 
intermediate (≥50% by age 15 years, with <90% by age 
10 years); low (≥50% by age 30 years, with <50% by age 
15); and very low (<50% by age 30 years).”1,16

Whereas hepatitis A already started to disappear from 
Northern European and other industrialized countries after 
the second world war due to high hygiene standards, endemicity 
levels only started to decrease around the world over the last three 
decades.17 Access to clean water and better sanitary conditions are 
the main reasons for this worldwide ‘spontaneous’ decline.16,18 

Simultaneously, the disease burden has paradoxically increased 
in many places: the improvements in hygiene and access to clean 
water shifted the first HAV contact to older age groups. This trend 
toward intermediate endemicity means that, although many chil
dren are still being infected and are spreading the HAV, many 
adults remain susceptible and consequently more severe cases can 
then be observed and hepatitis A infections often occur as 
outbreaks.

Contrary to the postulated role of natural boosting in main
taining long-term immunity for certain vaccine-preventable 
infections,19 there is no proven natural booster phenomenon 
for hepatitis A in a given population once anti-HAV immunity 
has been established after natural infection9 (section 3.4.1).

2. Hepatitis A vaccines1,3,4

Hepatitis A vaccines have been available since the early 1990s. All 
based on the single serotype of the HAV, they are either formalin- 
inactivated or live attenuated. The currently available inactivated 
HAV vaccines (Table 1) are all adjuvanted with aluminum hydro
xide. The inactivated vaccines developed in Europe and in the US 
were launched internationally in the early 1990s. The Chinese 
inactivated vaccines were licensed in the early 2000s and are now 
mainly used in Asia. Live-attenuated HAV vaccines (Table 1) were 
developed in the early 1990s in China,20–22 only in recent years 
were they licensed in a few other countries (Bangladesh, 
Guatemala, India, Philippines, Thailand).3,23 

Initially developed for individual prophylaxis, HAV vac
cines are now increasingly used to control hepatitis A in ende
mic areas, in the hope to eliminate it in the long run. The 
indications for use are: (1) Individual prophylaxis for at-risk 
populations, such as travelers, children in day care, health care 
and laboratory workers, and MSM; (2) Outbreak control in the 
case of an emerging epidemic; (3) Population prophylaxis, 
either as regional mass or targeted vaccination for pediatric 

Table 1. Monovalent and hepatitis A antigen containing HAV vaccines brands reported on in the publications reviewed (Tables 2–5).

Trade name HAV strain Adjuvant

HAV antigen Dose/Volume (mL) per Injection

Manufacturer (Country)Pediatric Adult

Inactivated vaccines
Avaxim GBM Aluminum hydroxide 80 U/0.5 160 U/0.5 Sanofi Pasteur (France)
Epaxala RG-SB Virosomes 12 IU/0.25 24 IU/0.5 Crucell/Janssenb (Switzerland)
Havrix HM-175 Aluminum hydroxide 720 EU/0.5 1440 EU/1.0 GSK (Belgium)
Healive TZ84 Aluminum hydroxide 250 U/0.5 500 U/1.0 Sinovac Biotech (China)
Twinrix (+HBsAg) HM-175 Aluminum hydroxide 360 EU/0.5 720 EU/1.0 GSK (Belgium)
VAQTA CR-326 Aluminum hydroxide 25 U/0.5 50 U/1.0 MSD (USA)
Live-attenuated vaccines
Biovac-A H2 None 6.5log TCID50/0.5 mL 6.5 log TCID50/1.0 mL Zhejiang Pukang Biotech (China)
HAVAC LA-1 None 6.5log TCID50/0.5 mL 6.5 log TCID50/1.0 mL Changchun Inst. of Biologic Products (China)

Contents of this table adapted/taken from WHO (2019),3 Lemon et al. (2018),4 and Cui et al. (2014);20 aFor economic reasons not on the market anymore; bFormerly 
‘Berna Biotech’ (Swiss Serum & Vaccine Institute) 

Abbreviations: HAV: hepatitis A virus; IU: international units; EU: ELISA units; U: antigen units; HBsAg: hepatitis B virus surface antigen; TCID: tissue culture infecting dose
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or adolescent populations at risk or as universal mass vaccina
tion (UMV) of children in their second year of life.

2.1. Inactivated vaccines1,3,4

All inactivated HAV vaccines are licensed with an intramus
cular two-dose schedule (0/6–12(−18) months) which induces 
in healthy children and young adults (<40–50 years of age) 
seroconversion (≥20 mIU/mL) in ≥95% after the first (prim
ing) dose and in virtually 100% after the second (booster) dose, 
with maximum responses of 5,000 to 10,000 mIU/mL. Anti- 
HAV IgG antibody concentrations of ≥10mIU/mL are consid
ered seroprotective (= correlate of protection10,24), although 
≥20mIU/mL is the cutoff most widely used for licensing and in 
clinical studies. The antibodies produced during the first few 
weeks include a low level of anti-HAV IgM antibodies25 which 
contribute, however, significantly to the early immune 
response. It is, therefore, important to note that the clinical 
development of HAV vaccines was done using total antibody 
(IgM + IgG) enzyme immunoassays (EIAs). When using anti- 
HAV IgG only assays, the early immune response 1 month 
following the priming dose can be missed, especially in 
immune-compromised subjects.26 Similar to the natural infec
tion, the vaccine-induced immunity comprises, already after 
the priming dose, a CMI response which establishes immune 
memory.27

Apart from age which can in subjects aged >40–50 years 
lower the priming response (first dose) to only 60-–70% 
seroconversion,28,29 there are other host factors which can 
rise or blunt the humoral immune response:30 Female gender 
increases, and high BMI, HIV infections, or maternal antibo
dies blunt the response (section 3.3).

No- or low-response to two doses of inactivated HAV 
vaccines is very rare. Clinical breakthrough infections have 
been reported in adult travelers (some elderly or HIV positive) 
after the priming dose (see references 28–34 in Mayorga et al. 
201631) or after two doses in two subjects, immunocompro
mised through HIV infection32 and acute myeloid leukemia,33 

respectively.
Protective efficacies of 95–100% have, for three of the inac

tivated HAV vaccines, been proven in placebo-controlled trials 
in epidemic34 or endemic35,36 settings. Herd immunity was 
documented early on as an important secondary effect within 
the scope of UMV, as recorded in Israel37 (section 4.2).

During more than 20 years of use and a cumulative experi
ence of several hundred million doses, the safety of inactivated 
HAV vaccines has never been an issue. Although there is some 
short-term reactogenicity, vaccine-related serious adverse 
events have been extremely rare. The combined hepatitis A & 
B vaccines (Table 1) are, regarding safety and anti-HAV immu
nogenicity, very similar to the monovalent HAV vaccines.

2.2. Live-attenuated vaccines1,3,4,20–23

The information on live-attenuated HAV vaccines is rather 
limited, partly due to the Chinese language barrier. These 
vaccines are administered subcutaneously and are used in 
a single-dose schedule. Whereas vaccinees rarely present with 
systemic adverse events, such as fever, rash and elevated liver 

transaminases, it has been reported that over half of subjects, 
who were apparently infected orally by excreted vaccine 
viruses, presented with a mild ‘HAV infection.’20 However, 
no serious adverse events and no reversion to virulence have 
been reported. Following vaccination, antibody levels of only 
a few hundred mIU/mL’s are reached and seroconversion is 
10–20% lower and protective efficacy at 90–95% is somewhat 
inferior compared to inactivated HAV vaccines. Although live- 
attenuated HAV vaccines seem to prevent asymptomatic HAV 
infections even less effectively than overt hepatitis A,38 the use 
in UMV programs in China has shown these vaccines to be 
efficacious in eliminating hepatitis A, to a large extent due to 
herd immunity effects.22 During the first month after vaccina
tion, a quarter of vaccinees excrete HAV in the stool;39,40 the 
isolated HAV strains were genetically stable.40 The vaccine 
efficacy was in a large population study shown to persist at 
95% during several years, despite seroconversion rates falling 
to 80% within a couple of years.21

3. Immunological long-term effects of vaccination

A systematic review on the long-term protective effects of 
hepatitis A vaccines concluded in 2012 that both inactivated 
and live-attenuated vaccines are able to provide real-time ser
oprotection for up to 15 years; however, in future follow-up 
studies any co-variables potentially affecting long-term protec
tion should also be assessed.41 Meanwhile, more data have been 
published on the duration of the seroprotection, the immune 
memory persistence, the influence of vaccine-independent co- 
variables, such as maternal antibodies, sex, age, BMI, and HIV 
infection, and the assumed ‘natural boosting’ phenomenon 
through circulating HAV.

3.1 Persistence of humoral immune response

Only data from long-term studies with ≥10 years of follow-up 
for 2- or 3-dose immunization regimens, including long-term 
studies reporting mathematical modeling estimations and data 
of ≥5-year follow-up single-dose studies, are presented here. 
Furthermore, only the newest publication data are used from 
long-term projects with multiple consecutive publications.

3.1.1. Two (or three) doses of inactivated HAV vaccines
Real-time seroprotection following immunization with two 
doses (or three doses with lower antigen content than currently 
licensed) of inactivated monovalent HAV vaccines, or of a HAV 
antigen containing combined hepatitis A + B vaccine, has been 
investigated over ≥ 10 years in children (incl. infants & 
toddlers),42–53 adolescents54,55 and adults56–60 (Table 2). These 
studies show quite consistently that healthy adults, as well as 
children and adolescents, will, following standard immunization 
schedules (0/6–12 months), be real-time seroprotected for up to 
15–20 years in 95–100% of vaccinees, while mathematical mod
eling estimations extend this period up to 30–40 years in 84–97% 
of subjects.43–45,50,56,59,60 Of note is the observation by Chappuis 
et al.56: the validation of the modeling estimates, based on the 15- 
year real-time data with the 20-year follow-up results, revealed 
antibody levels higher than predicted, i.e. between the 15 and 20- 
year visits a further slowing of the antibody decline was 
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observed, especially when compared to the earlier analysis 
(9–11-year visit) of the same study population.61 This trend 
should be further observed and confirmed with the few follow- 
up studies still underway. From the data currently available one 
can now conclude that healthy children, adolescents, and young 
adults are, after a complete vaccination course, most likely pro
tected for life and do not need a late second booster.62

A range of mainly pediatric studies with shorter follow-up 
periods of 5 to <10 years document in the majority 100% 
seroprotection during their real-time follow-up,5563–67 while 
some report slightly lower rates of 96–99%.68–70 Three pub
lications provide, in addition, model-based predictions: using 
linear-mixed models long-term seroprotection was calculated 
to last for two different vaccine doses a median 25.1 and 28.3 
years in 1–17-year-old Belgian children (≥10 mIU/mL, 5.5 year 
FU),67 a median 18.7–19.1 years in Israeli and Beduin toddlers 
12–15 months of age (≥10 mIU/mL, 7.5 year FU)68 and 13.1 
and 9.7 years in 85% and 89% of 1–8-year-old Chinese children 
(≥20 mIU/mL, 5 year FU) vaccinated with Healive and Havrix 
Junior, respectively.70 According to 6.5-year follow-up data in 
1.5–6.5-year-old Nicaraguan children vaccinated at 0/ 
15 months36 seroprotection (≥10 mIU/mL) was estimated to 
last in ≥95% of vaccinees for 16.2 years.66 A fifth, older study 
reports for 1–7-year-old Taiwanese children (≥20 mIU/mL, 
5 year FU) a considerably longer seroprotection of 24.5 years, 
calculated, however, for geometric mean concentration (GMC) 
changes over time and using a rather crude linear regression 
model.65

The limited response in the toddlers from Israel68 might 
have been caused in part by inhibiting maternal antibodies 
which were still detected at low levels (11–151 mIU/mL) in 
10% of them at enrollment.71 Interestingly, the finding by Van 
Herck et al., assessing the antibody persistence in 1 to 17-year- 
old Belgian children after 5.5 years, was that the younger 
children (<8 years) achieved lower GMC’s and that their anti
body levels declined faster.67 Longer follow-ups of these pedia
tric studies are needed. The dynamics of the antibody decline 
changes over time and seem to continuously slowdown further 
or nearly stabilize, as shown in children (originally aged 3–6 
years) between 10 and 17 years post-vaccination72 and in 
young adults between 15 and 20 years after vaccination.56

3.1.2. Single dose of inactivated HAV vaccines
Pediatric studies investigating prospectively the efficacy of sin
gle-dose immunization with inactivated HAV vaccines were 
started in the early-mid 2000s.73 One was aware that already 
the first dose of HAV vaccine establishes in adults a stimulable 
memory immune response.74–76 Argentina was the first coun
try to introduce single-dose UMV in toddlers in 2005.77 

Immunogenicity data for inactivated HAV vaccines (all in 
young children) have currently reached 10 years of follow-up 
evaluations in a first study,43 and the single-dose results are 
looking promising, with seroprotection rates of 100% (10 year 
follow-up),43 95.2% (7.5 years),31 97.4% (6.3–9.2 years),78 

92.9% (4 years),79 and 85.9% (5 years)80 (Table 3). Statistical 
modeling with 10 years of follow-up data resulted in a 30-year 
seroprotection (≥3 mIU/mL) for 89% of children after single- 
dose vaccination.43 Successful boosting after loss of measurable 
antibodies has been documented31,43,80,81 (Table 3). Ta
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3.1.3. Live-attenuated HAV vaccines
Up to 17 years of follow-up data have been published for 
single-dose live-attenuated HAV vaccines with somewhat 
lower seroprotection rates compared to inactivated HAV vac
cines: 87.6% (10 years follow-up),82 62.0% (17 years),83 97.3% 
(5 years),84 71.8% (8 years),85 90.7% (5 years)80 and 80.2/81.3% 
(10/15 years)86,87 (Table 4). Although live-attenuated HAV 
vaccines show a somewhat ‘weaker’ immunogenicity compared 
to inactivated vaccines, their single-dose humoral immune 
response can be boosted easily at 1 year,85 as well as, in cases 
of loss of measurable antibodies, after 17 years of follow-up.83 

For the live-attenuated single-dose vaccines no mathematical 
long-term seroprotection estimates have, to our knowledge, 
been published so far.

3.2. Immune memory persistence

It has recently been shown that a single dose of inactivated HAV 
vaccine promotes HAV-specific cellular memory immune 
responses similar to natural infection, and that the HAV- 
specific T-cell immunity induced by the primary vaccination 
persists independently of the circulating antibody levels 
achieved.27 Thus, the antibody memory recall responses do not 
only reflect residual B-cell and plasma cell response capacity88 

but also indicate that the first vaccine dose elicits an efficient 
priming of the immune system via an early proliferative T-cell 
response. Hence, after the first (priming) dose of a two-dose 
inactivated HAV vaccine, the second (booster) dose always uses 
this cell-mediated immune memory to produce in all age groups 
within 10–14 days a rapid humoral antibody booster response, 
with an at least 20–30-fold increase of antibody levels.28,89 This 
response applies after booster intervals of 6, 12, or 18 months, as 
licensed for each particular vaccine.1,73 The terms ‘anamnestic 
response’ and ‘immune memory persistence’, for which to our 
knowledge no practically relevant criteria have been defined, are 
generally used when the booster interval exceeds 2–3 years. By 
then some of the primed vaccinees start to lack measurable anti- 
HAV antibodies. Following the second (booster) dose, antibo
dies will increase ≥20-fold or reappear and rise quickly to high 
levels (usually ≥1000 mIU/mL), even after many years.73

Immune memory following HAV vaccination was initially 
documented in the early 2000s among adult travelers receiving 
their booster (second dose) 4–8 years too late.74–76 Such intact 
humoral immune memory responses, even in the case of loss of 
any measurable anti-HAV antibodies, have in the meantime 
been documented for young healthy children after 1 to 
5 years81 and after 7.5 years,31 as well as in 20 to 73 years old 
healthy adult travelers after an interval of up to nearly 
11 years.90 Strong immune memory responses have also been 
reported for healthy young adults who had lost measurable 
antibodies 20 years following a two-dose immunization with 
either a monovalent HAV59 or a combined HAV + HBV 
vaccine.60 Furthermore, 12 years after a two-dose vaccination 
with an inactivated HAV vaccine, a rapid and strong anamnes
tic antibody response after vaccine re-exposure was documen
ted in 30 of 31 adults as indirect evidence of immune 
memory.91

Humoral and cell-mediated immune memory responses 
have also been shown 17 years after a single dose of live- 

attenuated vaccine in study participants (healthy children) 
who had lost measurable antibodies: upon a booster dose 11 
of 13 (84.6%) vaccinees seroconverted and the reactivation 
elicited robust memory B- and T-cell responses in all subjects 
(Table 4).83

For the elderly (≥50–60 years of age) very little long-term 
data have been published regarding immune memory. In the 
study investigating the memory response following booster 
intervals of up to 10.7 years in 130 adult travelers aged 
20–73 years, pre-booster seroprotection rates were lower in 
the older (≥50) than in the younger (<50) age group (47% 
versus 63% at ≥10 mIU/ml). Nevertheless, both age groups 
achieved 100% post-booster seroprotection, there were no sig
nificant differences in post-booster anti-HAV GMCs and the 
booster intervals did not influence the memory response in 
either of the two age groups.90 Furthermore, in adults aged 
over 40 years (mean 59.0) immune memory was documented 4 
years after two doses of a combined hepatitis A and B vaccine 
in seronegative subjects upon an additional booster dose.92

For immunocompromised patients, long-term immune 
memory data exist only for HIV-infected patients. During 
a large outbreak intervention in an HIV-positive population 
of MSM, it was shown that re-vaccination with an inactivated 
HAV vaccine in 75 subjects whose anti-HAV antibodies had 
waned completely after a median interval of 6.2 years resulted 
in 88% of subjects in seroconversion 4 weeks after the first 
revaccination dose and in 98.7% following a second dose.93 In 
another study, 6 of 29 HIV-positive children had lost HAV 
seropositivity 7 years after vaccination with an inactivated 
HAV vaccine; upon revaccination (2 doses), 83.3% (5/6) ser
oconverted after the first dose.94

3.3. Vaccine-independent co-variables and persistence of 
immunity

Numerous co-variables can enhance or diminish the immune 
response of vaccines, as reported in a recent literature review 
on host intrinsic, perinatal, extrinsic, behavioral, nutritional, 
environmental, vaccine-related and administration-related 
factors.30 Long-term data exist for few of these over 40 factors. 
In the case of hepatitis A vaccination, to our knowledge, only 
maternal antibodies, sex, age, BMI, and HIV infection have 
been investigated regarding long-term effects.

3.3.1. Maternal antibodies
Impairment of vaccine immunogenicity by maternal antibo
dies has been documented in neonates and infants for live 
vaccines, subunit vaccines, and inactivated vaccines, whereby 
the maternal antibodies seem to inhibit the B-cell responses 
through a cross-link between the B-cell receptor with the anti
body Fcg RIIB receptor by a vaccine–antibody complex.95

Routine vaccination of young children is an effective strat
egy to control hepatitis A.1 Timing is critical, as high levels of 
passively acquired maternal HAV antibodies, which protect the 
child in an endemic setting during most of the first year of 
live,15 may strongly impede the anti-HAV antibody response 
when the two-dose89,96,97 or three-dose98,99 immunization is 
started before the age of 12 months. Maternal HAV antibodies 
have a serum half-life of ~40 days15 and, as longitudinal studies 
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have shown, will in a third of children persist up to 12 months 
and beyond,15,100,101 depending on the average anti-HAV anti
body levels in a given maternal population. Most studies have 
nevertheless shown that all infants and 12–15-month-old chil
dren primed in the presence of maternal anti-HAV antibodies 
demonstrated following the weak primary response a good 
antibody response when receiving their second dose 
6 months89,97,102 or 12 months96 later. An anamnestic booster 
response after very early basic vaccination at age 2, 4, and 
6 months was documented upon an extra booster dose at 
1 year.99 In view of these facts, it is now recommended that 
young children in endemic areas should preferably not be 
vaccinated against HAV before 12 months of age.1,3

While the negative effect of the maternal HAV antibodies 
on the short-term immune response is well documented, there 
have only been three studies published on possible long-term 
effects. In Turkey, 43 anti-HAV positive infants vaccinated at 
age 2, 4, and 6 months showed an anamnestic booster response 
at age 4 years, even those 10 children who had lost measurable 
antibodies.103 US infants, originally vaccinated at 2, 4, and 
6 months of age and born to anti-HAV positive mothers had 
after 6 years still significantly lower antibody concentrations 
than the children born to anti-HAV negative mothers; only 4 
of 17 (24%) versus 21 of 31 (68%), respectively, were still 
seroprotected (≥33 mIU/mL); however, an anamnestic seror
esponse upon boosting occurred in almost all children whose 
antibodies had waned (4 of 6 [67%] versus 5 of 5 [100%]).104 

Negative long-term effects were also reported following a 15- 
year follow-up of Alaskan infants vaccinated with a two-dose 
(0/6 months) regimen, starting at 6, 12, or 15 months of age 
(Groups 1, 2, 3). Whereas seropositivity persisted for 10 years 
between 90% and 100%, regardless of the original presence of 
maternal antibodies,48 the follow-up at 15 years showed a dif
ferent picture: seroprotection (≥20 mIU/mL) had decreased to 
75% and 61% in subjects with vaccination start at 6 months and 
born without or with maternal anti-HAV antibodies, respec
tively, and to 67% among maternal anti-HAV-positive subjects 
who initiated vaccination at ages 12 or 15 months. Those 
vaccinated at 12 or 15 months of age without maternal anti- 
HAV antibodies remained 100% seroprotected.50 This unex
pected late and pronounced decrease of seropositivity suggests 
that being exposed to maternal antibodies had a kind of ‘silent’ 
blunting effect even in the older infants and toddlers, with 
vaccinations starting at 12 (group 2) and 15 (group 3) months. 
At baseline only the 6 months old infants (group 1) had sizable 
maternal anti-HAV antibody levels (baseline mIU/mL GMC’s 
(95% CI) for Gr 1: 295.0 (184–473); Gr 2: 18.7 (15.5–22.7); Gr 
3: 15.6 (8.8–16.3) and seropositivity (≥10 mIU/mL) rates of 
94%, 15%, and 3%, respectively.89 It seems that maternal anti
bodies are still effective inhibitors at concentrations below the 
detection level. Either that or one could hypothesize that 
maternal anti-HAV antibodies somehow downregulate the 
neonatal, or even fetal immune system, with respect to the 
response against HAV antigens. Mathematical modeling indi
cated that anti-HAV seropositivity should persist in 84% 
among all those still seropositive at age 15–16 years for 
30 years after the second dose.50 At the 20-year follow-up 
(Table 2) the proportion of seroprotected (≥20 mIU/mL) sub
jects was estimated to drop to 50% by 14.2 years after Ta
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the second dose for group 1, 26.9 years for group 2, and 
23.8 years for group 3, irrespective of the maternal antibody 
status.53

Vaccine-derived maternal HAV antibodies present during 
the first year of life should be no problem: the long-term 
follow-up of the Alaskan children showed that the immune 
response in infants vaccinated at the age of 6 months and born 
to mothers with vaccine-induced immunity did, during the 15- 
year follow-up, not differ from those infants born to anti-HAV 
negative mothers.48,50

The effect of maternal antibodies on CMI responses to HAV 
vaccines has to our knowledge not been investigated. The few 
existing human studies on measles, mumps, and tetanus show 
that, despite humoral blunting by the passively acquired mater
nal antibodies, the vaccine-induced cellular responses are lar
gely not affected and that a robust CMI response persists.105

We found no published data on the short- or long-term 
influence of maternal antibodies on the immune response of 
live attenuated HAV vaccines.

3.3.2. Sex, age, and BMI
Sex. Upon immunization with inactivated HAV vaccines, 
females respond with up to 2–3x higher anti-HAV antibody 
levels than males after the priming and after the booster dose. 
This applies to young adults,28,74,106,107 the elderly,28,92,108,109 

and also to children (1–7 years)50,65,68 and adolescents 
(11–17 years).67 This sex difference persists throughout real- 
time follow-up for up to 10–11 years58,61 or even 20 years56 in 
young healthy adults. Even up to 11 years after a first priming 
dose, females still had 3x higher pre-booster antibody levels 
than males with a 74% versus 41% higher residual seroprotec
tion rate.90 When looking at predicted durations of seroprotec
tion in adults, the sex difference begins to disappear after some 
10 years, because the originally much lower antibodies in males 
are declining slower than in females.61 Based on 10- and 20- 
year real-time data of the same study population, both sexes are 
estimated to perform equally well with predicted median ser
oprotection (≥10 mIU/mL) durations of 51–52 years (females) 
versus 54–55 years (males)61 and 77.5 years versus 73.7 years,56 

respectively. In female infants and toddlers, aged 6–15 months 
at the time of vaccination, higher GMCs persisted in two 
prospective studies for 7.5 years68 and 15 years,50 respectively. 
Young girls aged 1 to 7 years had higher GMCs than boys 
during 5 years of follow-up.65 Higher antibody levels were 
found in 11–17 year old females throughout a 5.5 year follow- 
up and approximately 25–40% lower median predicted sero
protection durations in male as compared to female 
adolescents.67

Age. As for the majority of vaccines, young age (infants and 
children <8 years)67,72 and older age (≥50 years)28,29,108,110are 
associated with lower anti-HAV antibody responses following 
immunization with inactivated HAV vaccines. In two studies 
on long-term effects, an age of ≥61 years and an age of 
≥50 years correlated with a lower antibody response after 4 
years92 and 10 years,58 respectively. In a booster interval study 
in travelers, pre-booster seroprotection (≥10 mIU/ml) rates 
were after 9–128 months 47% for the ≥50 year and 63% for 
the < 50 year old subjects.90 There exists no data on predicted 
long-term seroprotection in the elderly. To our knowledge, the 

only pediatric study investigating the long-term effect of age, 
shows that GMCs were generally lower in the 1–7 years than in 
those between 8 and 17 years old and antibodies decreased 
more rapidly in the younger than in the older children.67

BMI. The serologic anti-HAV response correlates in adults 
positively with lower weight and lower BMI.111 Data on dura
tion of anti-HAV seroprotection is scanty: being overweight 
(BMI ≥ 25–30 kg/m2) at primary vaccination correlated in one 
study after 4 years with a trend for lower seropositivity92 and 
was in another study a significant risk for seronegativity (<10 
mIU/mL) at the 10-year follow-up.58

Apart from one Indian study of a live-attenuated HAV 
vaccine in 18 to 60 months old children, where the young
est age group (18–24 months) responded with higher anti
body levels than the older children,112 we found no other 
published data on the short- or long-term influence of age, 
sex, or BMI on the immune response of live-attenuated 
HAV vaccines.

3.3.3. HIV infection
Hepatitis A vaccination of HIV-infected subjects results in 
lower, delayed, and often failing humoral immune responses, 
largely depending on the CD4 T helper cell count and the viral 
load at the time of vaccination; seroconversion rates ranging 
from 48.5% to 93.9% are reported in the literature.113,114 

Primary vaccination failures are, therefore, to be 
expected.32,115,116 Interestingly, there has recently a HAV 
breakthrough infection been reported in a 29-year-old HIV 
patient, 7 years after full HAV vaccination which he had 
received 3 years prior to HIV infection,116 however, it is not 
known whether he was originally a vaccine responder. In the 
few prospective studies on HIV-infected subjects successfully 
vaccinated (all with inactivated HAV vaccine) the seroprotec
tion persisted for 7 years in 79% of 29 adolescents,94 for 
6–10 years in 85% of 116 adults,117 for 3.7 years in 85% of 52 
adults,118 and for 5 years in 75.5% of 49 adults.119 Comparing 
three-dose (0–1–6 month) and two-dose (0–6 month) sche
dules of HAV vaccination, a slightly higher seroprotection rate 
of 94% versus 88% was found after 5 years in 155 and 95 adults, 
respectively.120 Higher post-vaccination antibody levels,94,118 

low HIV RNA levels117,118 or CD4-counts of >200 cells/µL at 
baseline,119 a long duration of the HIV infection,118 and one 
additional dose of HAV vaccine120 were the main factors 
associated with slower antibody waning after HAV 
immunization.

3.4. Natural boosting through circulating HAV?

Do circulating HAV particles (i.e., enveloped virus – eHAV) 
boost preexisting immunity and, thus, are in an endemic set
ting responsible for the persistence of antibodies or prolong the 
protective efficacy of vaccines?73 Although this might be true 
for certain vaccine preventable infections,19 the situation is not 
so clear for hepatitis A.

3.4.1. Infection-induced immunity
Reactivation of infection-induced immune memory upon 
HAV encounters was in 1982 reported from Costa Rica, to 
our knowledge the only published data of this kind: during 
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a prospective hepatitis A surveillance of households, exposed 
adults – who had lost measurable antibodies – seroconverted, 
but only 1 of the 36 (3%) exposed presented with an anti-HAV 
IgM positive infection.121 This could be interpreted as immune 
memory reactivation in the other 35 subjects. However, the 
anti-HAV test used all along in this prospective study was 
a rather insensitive, qualitative immune adherence hemagglu
tination assay122 which might have missed pre-exposure anti
body levels. With the current, much more specific and more 
sensitive anti-HAV antibody test systems, no serological “nat
ural booster” phenomenons have been detected for hepatitis 
A. Otherwise, constantly high anti-HAV IgG antibody levels 
would be observed in endemic settings due to the continuous 
HAV exposure during the people’s lifetimes. On the contrary, 
a constant fall in antibody levels has been documented, as, e.g., 
in an age-stratified, cross-sectional serosurvey in Nicaragua 
from 12 to 16 years of age onwards.9 Infection-induced immu
nity is not boostable in healthy, immunocompetent subjects: 
during hepatitis A infection (silent or acute) not only high 
levels of humoral antibody are generated (up to several 
100,000 mIU/mL),9 but also a CMI response with HAV- 
specific memory lymphocyte (CD45RO+) is elicited.27 One 
can suppose that a cell and antibody-mediated local gut immu
nity, together with the high systemic anti-HAV IgG barrier, 
will thus inhibit ‘natural boosting’ upon further wild HAV 
encounters. In vaccine studies, it has been shown that preexist
ing high anti-HAV levels (≥5,000–10,000 mIU/mL) from past 
HAV infection are not boostable (see documented break
through infection [subject ID 237] in Mayorga et al. 201631 

and Berna Biotech, unpublished data on file), indicating that 
infection-induced immunity effectively neutralizes even par
enterally administered HAV antigen.

3.4.2. Inactivated vaccine-induced immunity
It is debatable if the immunity induced with inactivated HAV 
vaccines can ‘silently’ be boosted through circulating HAV, 
prolonging this way the persistence or raising the level of anti- 
HAV antibodies. Investigations of the CMI, in single-dose- 
vaccinated young adults, suggest that central memory cells 
are activated by the HAV antigen and that these cells activate 
effector cells in vivo and would thus prevent infection upon 
subsequent HAV exposure; furthermore, the cellular response 
observed in vaccinated subjects was similar to the CMI activa
tion observed in patients with acute infection.27

Although frequently quoted, the so-called ‘natural boosting’ 
of vaccine-induced immunity is certainly not a common phe
nomenon, if it exists at all. Suggestive data in the literature 
have, in our opinion, been presented in four publications for 
only a few cases in studies carried out in Nicaragua, Alaska and 
the US:

(1) During a placebo-controlled field trial in Nicaragua 10 
of 124 children enrolled into the vaccine group showed, 
during 15 months of follow-up after the first dose, 
substantial rises in total anti-HAV antibodies, labeled 
as ‘natural booster’ reactions.36 Two children were vac
cinated in the incubation period and at the beginning of 
clinical illness, respectively; the eight other children, 
after having responded normally to the priming dose 

(70–405 mIU/mL), presented between months 3 and 15 
with an on average 20.2-fold rise (range: 2.1–75.8) of 
antibody levels (all consecutive 3-monthly sera tested in 
parallel) without any clinical symptoms, liver enzyme 
elevations or rises in anti-HAV IgM antibodies (Berna 
Biotech, unpublished data on file).

(2) A probable silent breakthrough infection – rather than 
a ‘natural booster’ reaction – was reported from 
Nicaragua in an 11-year-old low-responder girl participat
ing in a longitudinal single-dose HAV vaccine effective
ness study. After a low primary response (27 mIU/mL) the 
child lost measurable anti-HAV antibodies during year 1 
and eventually seroconverted ‘silently’ between year 5 and 
7 of the serological follow-up (<10 → 7106 mIU/mL, anti- 
HAV IgM negative).31 Any diagnostic rise in anti-HAV 
IgM (lasting 3–6 months only) was most likely missed in 
the 2-year gap between the last two follow-up visits.

(3) In a long-term immunogenicity study performed in 
Alaska, two of 197 infants and young children had four- 
fold or higher anti-HAV increases between subsequent 
time points that might be attributed to natural boosting; 
the authors concluded that there was no evidence that 
natural boosting contributed to the persistence of ser
oprotective GMCs among study participants during the 
10 years of follow-up.48

(4) In a US hepatitis A vaccine field trial three cases with 
considerable antibody increases were noted (peaks ran
ging from 2050 to 29,931 mIU/mL) following a case 
contact of 6 to 74 days after the 1st dose, suggesting – 
according to the authors – a booster effect after contact 
with the wild virus.123 With the relatively short interval 
from the 1st dose it is, however, more likely that this 
was – at least in the ‘day 6 case’ – due to vaccination into 
the incubation period, resulting in a mitigated infec
tion-induced immune response, as it was also seen in 
a Nicaragua field trial36 in 6 of 50 children closely 
followed-up serologically.124

The above described, rare subclinical ‘breakthrough 
boosters’31,36,48,123 and the immune response of subjects vacci
nated during the incubation period123,124 are quite different from 
the three published and widely quoted accounts of antibody 
increases labeled “natural boosters.” In the first study, the anti
body level in 1 of 93 children barely doubled in the second year of 
a 5-year follow-up.64 In the second study, clinically insignificant 
1.4-fold to moderate 3.4-fold rises in antibody levels were reported 
between some of the yearly visits in 17 of 142 children during 
a 3-year post-booster follow-up and were interpreted as “natural 
boosting”;125 the follow-up serum samples were not tested in 
parallel at the end of the study (R. Dagan, personal communica
tion). In the third study,43,126,127 natural boosters were reported 
with yearly varying rates in up to one-third of Argentinian chil
dren during the 3-year,126 during the 3- to 5-year127 and finally at 
the 10-year follow-up,43 in single- and 2-dose vaccinated children. 
The antibodies rose in the subjects concerned by only 80%–100% 
and the consecutive serum samples were not tested in parallel (C. 
Espul, personal communication). The level of positive variations 
(≥25% increases) tended to decrease from Year 2 to Year 10, and 
there was no trend toward a relationship with hepatitis A cases in 
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household members.43 Likewise, it was in another study from 
Argentina reported that one-third of children from a long-term 
immunogenicity study had documented close contact (household, 
school, neighbors) with acute HA cases after immunization, but 
no significant difference was found between anti-HAV antibody 
levels in children reporting exposure and those reporting no 
contact with HA patients during 10 years.128

All these reported “natural booster” cases are in our opinion 
wrongly labeled, as the very modest changes were most likely 
not genuine. In our experience, when testing consecutive 
serum samples not in parallel, i.e. not using the same enzyme 
immunoassay test kit lot in the same test run, this can easily 
result in up to 50%–100% variations in anti-HAV antibody 
levels (Berna Biotech, unpublished data on file). Overall, true 
booster events through HAV exposure must be very rare in 
healthy, successfully vaccinated subjects and may – if not well 
documented – wrongly be labeled so.

In a different context ”natural boosting” was recently reported 
from Taiwan in a large prospective immunogenicity trial with 
inactivated HAV vaccines in HIV-infected young adults (all 
MSM). Of the 295 primary responders, 26 met the criteria for 
a silent HAV infection during the 5-year study period. This was 
based on ≥2-fold and for 6 months sustained secondary asympto
matic antibody rises.120 Three of these subjects had slight rises in 
bilirubin and/or liver enzymes; as anti-HAV IgM was not mea
sured, it is not possible to say whether these 3 or more of the 26 
”natural boosters” were in fact secondary vaccine failures.

3.4.3. Live-attenuated vaccine-induced immunity
For both Chinese live-attenuated HAV vaccine strains, H2 and 
LA-1, it is known that they provide a durable ~95% protective 
efficacy, even so, the vaccine-induced measurable seroprotec
tion rate declines to 80% or less in a couple of years.21 During 
large field trials in the late 1990s with both the H2 and LA-1 
vaccine strains, it was observed that vaccinees had rates of anti- 
HAV IgM positive subclinical infections on similar scales to 
the unvaccinated control groups (2.3–3.1% vs 3.6–4.2% in an 
endemic129 and 4.1% vs 6.7% in an outbreak38 setting), while 
the protection against clinical hepatitis A was 95%. 
Furthermore, the LA-1 strain only provided a low level of 
protection and the H2 strain none whatsoever against subse
quent subclinical infections.21,129 The Chinese investigators 
postulate that these subclinical infections serve as natural boos
ters for the vaccinees and could explain the sustained protec
tive efficacy despite the relatively rapid waning anti-HAV 
antibodies.21 In an immunogenicity study with a live attenu
ated vaccine, silent anti-HAV IgG antibody increases above 
10,000 mIU/mL (all anti-HAV IgM negative) were noted dur
ing 1 to 8 years of follow-up in 14/102 (13.7%) single-dose and 
in 1/53 (1.9%) two-dose (0/12 months) vaccinated, 1–12-year- 
old children, a finding which was labeled “natural boosting.”85

4. Long-term effects of vaccination on HAV 
epidemiology

The endemicity of hepatitis A correlates with the socio
economic level and hygiene standard in a given 
population.13 Alone with improving living conditions, 

clinical hepatitis A – then still called infectious jaundice – 
started to decline after the second world war in most 
industrialized countries/areas in Europe and North 
America.130,131 Only with the isolation of the HAV in the 
1970s and the availability of anti-HAV antibody tests in the 
early 1980s, this trend could be documented in 
serosurveys.17 In today’s 31 countries of the European 
Union and European Economic Area, HAV circulation 
has during the past 40 years as a whole been decreasing 
steadily toward very low endemicity, although differences 
still exist at national and subnational levels.132 Prior to any 
widespread use of HAV vaccines, transitions from high 
toward intermediate or low endemicity have in the last 
20–25 years also been observed from some Asia Pacific,133 

Latin American,16,134 and Middle East & North African 
countries135 and seem to start in some West African coun
tries as well.136 In large countries like India,133 China,22 

Brazil,137 and Mexico138 important differences in endemi
city levels still exist between regions within the country 
itself.

This epidemiological transition to lower endemicity with 
ensuing higher disease burden4 led some endemic countries 
to implement UMV with two doses of inactivated HAV vac
cine. The first country was Israel in 1999, effectively eliminat
ing hepatitis A within a few years by targeting young children 
(toddlers), the main source of infection, thereby providing 
herd immunity protection to older age groups as well.37 The 
United States,139 China,20 and other countries (Australia, 
Belarus, Italy, Spain) decided in the 1990s to protect, initially, 
only specific risk groups (toddlers, older children, and teen
agers) in certain more affected regions.140 After a few years of 
successful regional vaccination campaigns, the United States139 

and China20 extended their strategies to nationwide UMV of 
toddlers in the mid-2000s, many other countries subsequently 
followed suit (section 4.1).

These UMV programs were in almost all settings within a few 
years successful. There were sharp declines of hepatitis 
A incidences, even in non-vaccinated age groups, indicating 
herd immunity effects, while maintaining susceptibility in 
older age groups.141 High vaccine costs, however, impeded for 
many years a larger-scale implementation of a two-dose HAV 
vaccine strategy in most endemic countries in need.1,73,142 In 
2005 Argentina, therefore, being the first country worldwide, 
implemented a single-dose UMV strategy trusting that protec
tion from 1 dose would last for at least 5–10 years, this being 
enough time to eliminate HAV circulation.77

Real-time long-term effects of UMVs, with monovalent 
HAV or HAV containing vaccines, on disease burden and 
different epidemiological parameters of hepatitis A, are pre
sented for those countries for which findings have been pub
lished (Table 5).

4.1. Effect of universal mass vaccination (UMV) on 
disease burden

According to current WHO data (information taken from the 
country profiles, last updated 10 December 2019), there are 
today 12 countries (Bahrain, Greece, Israel, Kazakhstan, 
Mongolia, Panama, Qatar, South Korea, Saudi Arabia, Turkey, 
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United States, Uruguay) using 2-dose UMV and 7 countries 
actually using (Argentina, Brazil, Chile, Colombia, Paraguay, 
Turkmenistan) or planning to introduce in 2020 (Honduras) 
single-dose UMV with inactivated HAV vaccines.175 China has 
implemented UMV mainly using single-dose, live-attenuated 
hepatitis A vaccines.20,22,152 Another 10 countries report cur
rently vaccinating only certain risk groups in the entire country 
(Armenia, Australia, Kuwait, Mexico, Slovenia, Tunesia) or per
form UMV only in certain affected regions (Canada, Italy, 
Russia, Spain).175

Data on real-time long-term effects of UMV have been 
published for 12 countries, mainly since the mid-2000s and 
spans observation periods of 3 to 23 years (Table 5). Only 
one country (Greece) reported no noticeable change in 
disease burden. This was a rather unexpected finding and 
most likely due to confounding epidemics in Roma and 
immigrant groups.156 From all other countries, nationwide 
evaluations indicated pronounced declines in disease inci
dence (morbidity per 100,000 population/year),
22,77,145,149,155,160,164,167–169,174 in severe disease, such as 
acute liver failure,77,143 in mortality169 or in 
hospitalizations139,157,164,173,174 and health-care costs.139,145 

Similar data were reported for regional UMVs regarding 
disease incidence,86,152,154 outbreak frequency,158 and 
regarding hospitalizations.166 Other epidemiological para
meters indicating nationwide or regional success or 
expected effects of UMV were: herd protection of untar
geted age groups22,146,147,149,154,160 (section 4.2), a rise in 
seroprotection rates in targeted children/adolescents153 or 
young adults,161 susceptibility (seronegativity) shift toward 
older age groups,163,172 a disease burden shift toward older 
age,154,156,171–174 international travel becoming 
a predominant risk factor for HAV transmission,171,172 

a decline in the rate of infection-induced high anti-HAV 
levels in non-vaccinated toddlers,159 a declining rate of 
HAV among all viral hepatitis cases151 and finally, declining 
HAV positivity of river water samples.144

To sustain HAV elimination, a certain vaccination coverage 
of the pediatric target population should be maintained. The 
US have defined a two-dose vaccination coverage target of 
85%,176 based on the successful demonstration projects con
ducted in Alaska among children and young adults in the early 
1990s. In these projects, approximately 80% coverage was 
sufficient to stop epidemics and to lower morbidity to 0.1/ 
100ʹ000 by 2004.10 Israel, with coverages of 92% and 88% (1st 
and 2nd dose), maintained the morbidity for over 10 years 
below 1.0/100ʹ000.160 Even with only 65–75% coverage, 
Alaska,170 Panama,164 Uruguay167 and Italy (Puglia region)162 

achieved >90% declines in disease incidence. The single-dose 
programs in Argentina77 and Brazil149 lowered, with 96.8% and 
97% coverage, their national morbidities within 2–3 years by 
88.1% and 85.7%, respectively.

There have only been a few modeling studies published so far 
which use well-founded assumptions (derived from real data) to 
project the persistence of HAV elimination through UMV in the 
long-run, i.e. for more than one generation.177–179 Using 
a disease transmission dynamic modeling approach, the impact 
of universal versus regional vaccination on hepatitis A morbidity 
and the cost-effectiveness was projected for up to 100 years for 

the US: universal vaccination was cost-saving compared with 
regional vaccination policy; in addition, herd protection effects 
of the hepatitis A vaccination programs had a significant impact 
on mortality, morbidity, and cost-effectiveness ratios.177 Based 
on Mexican data, the potential impact of HAV vaccine immune 
memory on the modeled reduction of hepatitis A disease in 
vaccinated subjects was explored for time periods of up to 
75 years: the analysis indicated that routine vaccination of tod
dlers against hepatitis A virus would be cost-effective in Mexico 
using a single-dose strategy.178 With an age-structured hepatitis 
A transmission model, incorporating demographic changes and 
fitted to seroprevalence and disease notification data, the decline 
and future of hepatitis A transmission in Australia was projected 
for the following 40–50 years: the results suggest that sustained 
endemic transmission in the general Australian population is no 
longer possible although risks of sporadic outbreaks remain.179

For such projections not only vaccination coverage and 
long-term immunogenicity has to be taken into account, but 
also the vaccine-induced immune memory178 (section 3.2), the 
herd protection effect177,180 (section 4.2), and the transmission 
mode,179 as well as the shifting of HAV epidemiology, clean 
water access and hygiene standards.13 The WHO advises to 
regularly assess the impact of hepatitis A UMV’s, using infor
mation on morbidity and mortality generated by surveillance 
and study data; in addition, duration of immune protection by 
1- and 2-dose schedules should be monitored.1 Endemic coun
tries should periodically monitor the epidemiology of HAV 
infection, e.g. through repeated cross-sectional seroepidemio
logical surveys9,181 in order to identify epidemiologic transi
tions and thus to be able to implement UMV in time.182 The 
interpretation of anti-HAV immunity (infection- or vaccine- 
induced) becomes, however, more and more difficult as the use 
of HAV vaccines spreads (section 5.3.2).

4.2. Herd immunity through vaccination

Herd immunity plays a vital role in the success story of UMV 
in young children,180 leading – with the exception of Greece156 

– in all countries with such programs to noticeable population- 
wide declines in disease incidences or other epidemiological 
parameters (Table 5). Prospective (≥5–10 years) real-time age- 
or population-specific details of herd protection ensuing from 
the age group of vaccinated, seroprotected young children are 
available for Israel160 and Australia147 for inactivated, and for 
China22 for live-attenuated HAV vaccines. The herd protection 
effect, which is assumed to account for more than one-third of 
the estimated number of cases prevented by vaccination,183 

maintained in Israel for over 10 years in all age groups very 
low disease incidences.160 The vaccination of special popula
tion groups, such as the indigenous toddlers in Australia, 
robustly led, in all age groups, to very low disease incidences 
in the targeted, as well as in the non-targeted, non-indigenous 
population.147 Although live-attenuated HAV vaccines seem to 
prevent asymptomatic HAV infections even less effectively 
than overt hepatitis A,38 the use in UMV programs in China 
has shown these vaccines to be efficacious in eliminating hepa
titis A, attributed by the investigators to a large extent to herd 
immunity effects.22
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4.3. Shifting seroepidemiology

With young children in endemic settings being the main 
source of infection, access to clean water and improved 
hygiene leads eventually to reduced transmission of HAV. 
These sanitary improvements leave increasing numbers of 
older children, adolescents, and young adults susceptible 
(seronegative), causing an increase in the average age at 
infection, and, consequently, a paradoxical increase in 
morbidity in the older age groups, as well as in further 
risks of outbreaks. Contrary to this ‘natural’, socio- 
economic driven shift in seroprevalence toward older age 
groups and hence toward intermediate endemicity,1 the 
vaccine-induced seropositivity through toddler UMV pro
grams protects not only the young children directly, but 
protects through herd protection effects180 simultaneously 
large parts of all older age groups as well.160 These UMV 
effects lead to an, at first glance, ”uncoordinated” looking 
shift in seroprevalence, with seroprotection rates increas
ing for the young age groups and initially decreasing or 
leveling off for the adolescents and young adults, while 
high infection-induced seropositivity remains for the rest 
of the older adult population. A few reports on serological 
long-term effects of UMV have shown this seroprevalence 
pattern for the US,172 Italy,163 China153 (see also Table 5) 
and Israel.184 Furthermore, a population-based study from 
Israel typically shows how difficult it is to interpret the 
serological data 12 years after successful implementation 
of toddler vaccination, i.e. to differentiate over all age 
groups between UMV-induced seropositivity, seroprotec
tion due to additional vaccination in the general popula
tion and infection-induced pre-existing seroprotection.184 

There is clearly a need for serological tests which can 
differentiate between vaccine- and infection-induced anti- 
HAV antibodies4 (section 5.3.2).

4.4. Is HAV eradicable?

As a human enteral virus infection with a fecal-oral transmission 
mode, hepatitis A is – similar to poliomyelitis – theoretically 
eradicable. The HAV has in the past indeed been considered as 
a target for eradication. However, international bodies have 
never made this recommendation primarily because of high 
cost and uncertain feasibility. In 1998, only a few years after 
licensing of the first vaccines, experts concluded that eradication 
of HAV transmission appears to be both biologically and epide
miologically feasible and that the time required to achieve cessa
tion of transmission may be short and they recommended to 
initiate population-based projects to demonstrate sustained 
elimination of HAV transmission.185 These conclusions regard
ing elimination were proven correct within the ensuing 
5–10 years. The topic of eradication was, however, never taken 
up again and it is not even mentioned in the most recent WHO 
hepatitis A vaccine position paper of 2012.1 The most obvious 
reason being that – apart from the protective effects of access to 
clean water and improved hygiene – hepatitis A UMV programs 
are able to achieve in endemic countries near complete cessation 
of HAV transmission, leading to sustainable morbidities of <1/ 
100,000 (Table 5).

5. Emerging issues and areas for research

5.1. Long-term seroprotection

5.1.1. No need for late second booster
Inactivated HAV vaccines are immunogenic in all age groups. 
Based on serological long-term follow-up studies (including 
modeled projections), and based on the documented immune 
memory, one can conclude that a two-dose HAV vaccination 
(0/6–18 months) leads in healthy children and young adults 
(<50 years) to life-long protection and that there is no need for 
a late booster after 20 or 30 years.62 As documented in studies 
discussed beforehand, an exception might be younger children 
below 8 years of age who achieve lower GMC’s and whose 
antibody levels decline faster than in the 8 to 17-year old’s,67 or 
children vaccinated in infancy (6/12 months), with 25–32% of 
them loosing immunoprotection after 15–20 years.50,53 Longer 
follow-ups of these pediatric studies are still needed.

The single-dose live-attenuated HAV vaccines are some
what less immunogenic compared to inactivated vaccines, 
although they seem in UMV programs equally effective in 
eliminating HAV circulation and overt disease. 
Nevertheless, more real-time serological follow-up data 
and monitoring of UMV programs is needed to corroborate 
the elimination of HAV and to settle the issue of the need 
for a second, “booster” dose.22

5.1.2. Extra priming dose for elderly and 
immunocompromised subjects?
There are insufficient long-term data for the elderly 
(>50 years) and for immune-compromised (including 
HIV infection) subjects. This is so for long-term protection 
after full vaccination and also regarding basic immuniza
tion, i.e. whether or not these often weak and slow 
responding subjects would profit from two primary doses 
(4 weeks apart),29,114 especially when protection is needed 
speedily prior to traveling. This issue has been contested in 
a retrospective analysis of pooled study data,186 even so 
20.3% of ≥ 40 year old healthy subjects were two weeks 
after one dose not seroprotected (≥20 mIU/mL). In addi
tion, it should be investigated if following waning of mea
surable antibodies after >10 years the immune memory is 
still intact or whether elderly and/or immunocompromised 
subjects would routinely need a late second booster dose.

5.1.3. Single-dose UMV strategy
Despite the available long-term immunogenicity data and the 
successful UMV’s of toddlers in Argentina and Brazil, single- 
dose immunization of such young children with inactivated 
HAV vaccines needs more long-term data, regarding real-time 
seroprotection and monitoring of the UMV programs for at 
least 15 years,73,141 and more documentation of the immune 
memory when detectable anti-HAV antibodies have been lost. 
In long-term immunogenicity studies in progress, the fre
quency of silent breakthrough infections and the presumed 
‘natural booster’ effects should also be further investigated. 
Countries pursuing single-dose UMV strategies should not 
only monitor morbidity and changes in seroprevalence, but 
also document the herd protection for other age groups.
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5.2. Hepatitis A virus

5.2.1. Monitoring HAV circulation
The fecal excretion of HAV starts even before the clinical illness 
and usually lasts for 1 to 3 months.3,187 In the case of relapsing 
hepatitis A, excretion has been documented for up to 
11 months,188 but so far no chronic carriers have been reported, 
not even in HIV-infected patients.114 HAV is resistant to low pH, 
to heat (60°C for 60 minutes) and to freezing temperatures; 
furthermore, HAV may persist in feces and soil for a prolonged 
period.3 In water, it can survive for up to 1 year.189 Monitoring of 
HAV circulation through environmental sampling is, therefore, 
important whilst conducting public health interventions.

Evidence for endemic HAV circulation was found in Israel 
despite universal toddler vaccinations since 1999 and low clinical 
incidence in all age groups: during an outbreak investigation in 
2012–2013, there were 16 of 27 (59.2%) sewage samples from Tel- 
Aviv, 4 of 14 (28.6%) samples throughout Israel and 6 of 6 (100%) 
samples from Gaza found to contain HAV.190 Argentina started 
a successful UMV in 2005, lowering within 5 years the morbidity 
by nearly 90%,77,145 and the HAV positivity of river samples from 
the Buenos Aires area decreased from 2005–2006 to 2010–2012 by 
93.2% (Table 5).144 However, in the city of Córdoba environmen
tal monitoring revealed in 2009–2010 the presence of HAV still in 
20.8% and 16.1% of wastewater and river samples, respectively; 
that poses a risk for outbreaks among the increasing subpopula
tion of susceptible adults.191 In countries attempting to eliminate 
HAV via UMVs, regular monitoring of wastewater could help the 
health authorities to identify high HAV circulation in areas with 
possibly under-vaccinated populations.

5.2.2. Emergence of escape mutants
Already in the late 1980s and early 1990s, prior to the 
licensing of hepatitis A vaccines, researchers used in vitro- 
induced neutralization escape mutants derived from the 
HM175 vaccine strain to investigate the immunodominant 
neutralization sites in the antigenic structure of the HAV 
capsid proteins.192 Two decades later HAV antigenic var
iants were isolated in Spain that were thought to have 
escaped the protective effect of available vaccines; these 
HAV variants were isolated mostly from MSM in connec
tion with the 2008–2009 HAV epidemic among MSM.193 

The same Spanish research group performed deep- 
sequencing analysis on HAV strains isolated from vacci
nated (n = 5) and non-vaccinated (n = 8) patients during 
the large 2016–2018 epidemic among MSM. They found 
a higher diversity in epitope-coding regions of the vacci
nated group (all subjects sub-optimally vaccinated and 
three, in addition, HIV infected) and concluded that the 
data suggested positive selection of antigenic variants in 
some vaccinated patients.194 The circulation of such anti
genic variants may increase in MSM groups and further 
expand to the general population, and thus may eventually 
become a public health threat. To avoid possible selections 
of such escape variants, measures have to be taken to assure 
complete two-dose vaccination in the MSM populations 
and possibly administer booster doses to vaccinees with 
low anti-HAV antibodies, the investigators suggested.194 

These vaccines escape HAV variants have so far only been 

reported from Spain and this needs to be corroborated by 
other similar investigations. Until the quoted observation 
receives further confirmation, the public health risks asso
ciated with the emergence of such mutants remain 
speculative.

5.3. Epidemiology and public health

5.3.1. Monitoring the HAV epidemiology
HAV endemic countries should closely monitor epidemiology 
and disease burden of hepatitis A in order to allow timely identi
fication of transition toward intermediate endemicity and intro
duction of preventive strategies.1,195 Priority should be given to 
collecting HAV seroprevalence data and regularly assessing the 
hepatitis A control strategies in order to prevent future disease 
outbreaks, as it was recently postulated for Africa.182 The WHO, 
in addition, recommends acute disease surveillance (including 
registration of fulminant hepatic failure cases and/or causes of 
liver transplantation) and cost-effectiveness analyses of relevant 
immunization strategies.1

For future serosurveys to be comparable across place and time, 
it has been proposed to use the ‘age at midpoint of population 
immunogenicity or susceptibility’ as standard indicators for the 
level of hepatitis A endemicity within countries or a world region; 
they are defined as the age at which half of the population in 
a particular age group does or does not have anti-HAV IgG 
antibodies, indicating past exposure or no past exposure to the 
virus.196,197 A very high endemicity is defined as an age at the 
midpoint of immunity of <5 years; high, of 5–14 years; intermedi
ate, of 15–34 years; and low, of ≥35 years.196 Standardized sur
veillance with these parameters would facilitate future decisions 
about hepatitis A vaccination policy in a given region.197

5.3.2. Infection- versus vaccine-induced anti-HAV 
antibodies
With the introduction of HAV vaccination, it becomes increas
ingly difficult to interpret seroprevalence data generated with 
today’s standard anti-HAV antibody assays because the results 
are a mixture of naturally acquired immunity and vaccine- 
induced antibody data. This difficulty is exemplified by three 
recent long-term reports, one from India on the age-stratified anti- 
HAV positivity after two decades of voluntary vaccination,198 one 
from Israel on the seroprevalence of hepatitis A twelve years after 
the implementation of the universal toddler vaccination184 and 
a third one from Australia on the quantification of the population 
effects of vaccination and migration on hepatitis 
A seroepidemiology.199 In all three publications, the interpretation 
of the data is based on assumptions regarding the relative con
tribution of HAV infection and vaccination, with some conclu
sions remaining unavoidably imprecise and theoretical. 
A serologic test differentiating between HAV infected and vacci
nated individuals would help to interpret serosurveys, especially in 
countries in transition to intermediate endemicity and/or partial 
vaccination coverage.4,198

In the 1990s, pilot antibody tests using as an antigen the non- 
structural HAV 3 C proteinase, an antigen presented to the human 
immune system only during active virus replication, demonstrated 
that one can theoretically distinguish between antibodies acquired 
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in response to active HAV infection and those induced by 
immunization.200 The potential value of such a diagnostic tool 
was then not further investigated. Interest in this topic reemerged 
recently and several publications on tests using recombinant 
antigens201–203 claim to be able to discriminate between natural 
infection and antibodies induced by live-attenuated or inactivated 
vaccines,201,202 or to distinguish between natural infection and 
immunity induced by inactivated vaccines.203 The aforementioned 
three studies were made with sera collections containing mainly 
onetime samples only. In an earlier prospective study, two-thirds 
of children followed-up yearly for 6.5 years after acute HAV 
infection, had at the end lost their anti 3 C HAV proteinase 
antibodies.124 Whereas infection-acquired anti-capsid HAV IgG 
antibodies persist for life, antibodies against non-structural HAV 
proteins might – until proven otherwise – not persist long enough 
in a given population to allow reliable assessments of long-term 
changes in seroprevalence of infection-induced versus vaccine- 
induced immunity; the persistence of antibodies against non- 
structural HAV antigens needs to be investigated in well- 
designed long-term studies.204

5.3.3. Newly emerging epidemics
The current changes in global HAV epidemiology impli
cate potentials for outbreaks and shifts in vulnerable 
populations.4 Apart from the outbreak risks in those ende
mic countries undergoing transition from high to inter
mediate endemicity, there are in industrialized countries, 
in connection with international travel and globalization, 
new risks emerging.

In recent years there have in Europe,205 Asia,114 Latin 
America206 and North America207 large HAV outbreaks 
among MSMs been reported, with epidemiological investiga
tions showing transmission between countries and even 
continents.205,206 These outbreaks can only be controlled by 
educative public health interventions and eventually achieving 
high vaccination coverage among MSM.208

The globalization of the food industry causes for its 
consumers, in recent years, with increasing frequency, 
food-born hepatitis A outbreaks.209 As an example, the 
large epidemic in Europe in 2013 was transmitted by 
frozen fruits imported from an endemic country.210 

These inadvertent ‘hepatitis A imports’ – often in parallel 
to several countries210,211 – are difficult to control, unless 
HAV is eliminated to a large extent in the currently still 
endemic countries. The HAV outbreaks associated with 
imported food in developed countries requires new 
approaches and tools for early detection and control. 
For public health preparedness, surveillance data on 
HAV infection should be monitored and viral sequencing 
data should be collected and shared.209 In response to 
known outbreaks, public notifications, product recalls, 
and mass vaccination campaigns are important 
strategies.209

The US introduced in 2006 nationwide hepatitis A UMV for all 
children aged 12–24 months. Vaccination rates in 2017, however, 
still did not reach the ≥85% target of 2 doses,176 with 59.7% for two 
and 86.0% for one dose among children aged 19–35 months, and 
with even lower rates of 35.7% and 63.3%, respectively, e.g. for 
underprivileged, uninsured population groups.212 Under these 

circumstances the herd protection effect does not function prop
erly and not only sections of the pediatric population are left 
unprotected, but younger adults as well, resulting in the US in 
recent years in outbreaks among MSM,207 prisoners, homeless 
people and intravenous drug users.213 During 2007–2016, 
approximately three-fourths of U.S.-born adults aged ≥20 years 
remained HAV susceptible.214

Prevention strategies for hepatitis A matching the changing 
epidemiology have in non-endemic countries not received the 
necessary attention in recent years. Therefore, public health 
experts advocate to urgently scale up hepatitis A prevention in 
the European Union215 and in the US,207,214 with special focus 
on the susceptible risk groups.

6. Conclusions

Inactivated HAV vaccines are safe and provide healthy chil
dren, adolescents, and young adults (<40–50 years) after two 
doses (6–18 months apart) with solid immune memory and 
seroprotection for ≥30–40 years, if not lifelong. Thus, in 
healthy subjects, there is no need for a late, second booster. 
To allow modeling of long-term estimates for young children 
and the elderly, the real-time duration of seroprotection needs 
in these age groups yet to be documented for a total of at least 
10–15 years.

Two-dose UMV. Countrywide systematic introduction of 
a two-dose UMV in young children (toddlers) leads, when 
sustained on a high coverage level (≥85–90%), within a few 
years to elimination of clinical disease in all groups thanks to 
the herd protection effect and to an ensuing very low levels of 
wild virus circulation.

Single-dose usage of inactivated HAV vaccines. The dura
tion of individual long-term protection and immune memory 
after a single dose of an inactivated hepatitis A vaccine is not 
fully established yet and more follow-up data are needed from 
ongoing, pediatric single-dose immunogenicity studies. The 
first single-dose UMV programs in young children have 
made a good start in lowering the hepatitis A disease burden, 
but need to be monitored for many more years.

Elderly and immunocompromised subjects. For elderly 
healthy travelers, immunocompromised patients, and HIV- 
infected subjects there exist no good long-term seroprotection 
data after inactivated HAV vaccination, a knowledge gap 
which needs urgently to be closed. It should also be investi
gated whether these subjects with their usually slow and weak 
primary immune response would not profit from a second 
priming dose.

Live-attenuated HAV vaccines. The situation for the sin
gle-dose, live-attenuated HAV vaccines is not so clear-cut yet, 
but the available data points to equal safety, good protective 
efficacy, and long-term seroprotection in young and older 
children, whereby the need for a late booster dose (after 
20–30 years) is not yet settled.

Natural booster. The frequently quoted phenomenon of 
‘natural boosting’ of anti-HAV antibodies, through wild HAV 
encounters as a mechanism sustaining or even enhancing vac
cine-induced immunity, is not based on many facts. The few 
well-documented cases are rather related to primary vaccine 
failures.
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Eradication of HAV. Similar to the polioviruses, the human 
enteral hepatitis A virus is basically eradicable. Because of the 
excellent efficacy of the HAV vaccines, eliminating within a few 
years of UMV the disease burden of hepatitis A in a given 
population, the issue of HAV eradication is currently not 
pursued as an option.

Monitoring of HAV circulation. In spite of successful 
UMV programs, regular monitoring of HAV presence in 
waste and surface waters is still necessary for some time in 
order to detect early enough potential outbreak risks from 
pockets of HAV excreting population groups.

Infection-induced antibodies. In order to be able to ana
lyze the immune status of a population in transition from 
infection- to vaccine-induced immunity, the current ‘indiffer
ent’ anti-HAV antibody tests have to be supplemented by new 
test systems which can identify infection-induced antibodies.

Escape mutants. Variants of HAVs escaping neutralization 
have not only be produced under laboratory conditions, but 
there are first indications that variants escaping the protective 
effects of vaccines could emerge in under-vaccinated and at the 
same time heavily infected and immunocompromised popula
tions, such as MSM. This issue has to be monitored very 
carefully.

New ‘emerging’ epidemics. In non-endemic countries pre
vention efforts need to focus on the ‘new’ risk groups, such as 
MSM, prisoners, homeless subjects and families visiting friends 
and relatives (VFRs) in endemic countries. Whether strict 
application of food hygiene helps to prevent epidemics ensuing 
from imported HAV contaminated food is doubtful as long as 
HAV circulates freely in the countries of origin.
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