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Introduction 

SAGE secretariat in agreement with SAGE decided to establish in August 2020 a Working Group 

to prepare a revision of the 2012 Hepatitis A Vaccine Position Paper and examine, in particular, 

the evidence generated by the one dose use.  

The composition of the Working Group, based on an open call for applicants, is the following: 

SAGE Members 

• Rakesh Aggarwal (Chair of the working group) Jawaharlal Institute of Postgraduate 

Medical Education and Research, India. 

• Shabir Mahdi, University of the Witwatersrand, South Africa 

Experts 

• Zhijie An, Chinese Center for Disease Control and Prevention, China 

• Fuqiang Cui, Peking University, China 

• Manal Hamdy El-Sayed, Ain Shams University, Egypt 

• Jorge Enrique Gonzalez, National Administration for Laboratories and Institutes of Health, 

Argentina 

• Sema Mandal, Public Health England, UK 

• Kassiani Mellou, Hellenic Public Health Organization, Greece  

• Noele Nelson, Centers for Disease Control and Prevention, USA 

• Thomas Wierzba, Wake Forest School of Medicine, USA 

The secretariat included: Olufunmilayo Lesi, Melanie Marti, Shalini Desai, Christoph Steffen 

(WHO immunization and hepatitis programmes in WHO Headquarters), and colleagues from 

WHO Regional Offices, Julien Kabore (AFRO), Alba Vilajeliu (PAHO/AMRO) and Tigran 

Avagyan (WPRO).  

The working group met between Sept. 2020 and April 2022 via 16 teleconferences. An external 

systematic review has been prepared by external contractors, Nick Walsh and Johanna Torres, and 

support of Stephanie Curtis, to complement the 2012 review with the latest evidence available. 

Since the publication of the first WHO hepatitis A vaccine position paper in 2000, and the updated 

paper in 2012, there have been changes in the epidemiological features of hepatitis A virus (HAV) 

infection in several countries, increased supply of hepatitis A vaccines, and new evidence on their 

public health benefits and their potential for long-term protection.  

The updated systematic evidence review has focussed specifically on longer term follow up studies 

(3 to 7 years and > 7 year follow up) including efficacy, effectiveness and safety data of multidose 

and single dose regimens of inactivated and live attenuated hepatitis A vaccines in children or 

adults vaccinated during childhood. In addition, population impact, cost effectiveness and 

economic impact and outcomes of mathematical modelling were assessed. 

The evidence generated from the 2012 systematic review which also included adults, and 

examined short term efficacy, effectiveness, and safety data as well as studies on post exposure 

prophylaxis has also been considered in this update.   
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1 Epidemiology of hepatitis A virus infection  

Hepatitis A virus (HAV), an RNA virus, causes inflammatory liver disease that may progress to 

fulminant liver failure. HAV is transmitted primarily via the faecal/oral route through ingestion of 

contaminated food and water, or through direct contact with an infectious person, for example, 

contact with a case within a household. The incidence of hepatitis A correlates with socioeconomic 

indicators, and rates of HAV infection decrease with increasing income and with access to clean 

water and adequate sanitation.(1) There are two main sources of information used to estimate the 

disease burden of HAV infection: (i) serological surveys estimating the prevalence of past 

infections, and (ii) reporting systems estimating the morbidity or mortality from acute hepatitis A 

disease.(2) In line with the classification used in in the 2012 Hepatitis A Vaccine Position Paper 

(3), levels of endemicity have been classified based on seroprevalence as: 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).  

Serological prevalence surveys are based on detection of anti-HAV immunoglobulin G (IgG) 

antibodies. Estimating the seroprevalence by age enables indirect measurement of age-specific 

incidence rates of infection and is the best way to describe the hepatitis A epidemiological situation 

through the midpoint of population immunity (AMPI) in a country.(4) The seroprevalence by age 

gives a measurement of the susceptibility of each age group to new infections and is useful to 

understand the concept of transition, i.e. shifting of risk of infection to older age groups that have 

not been infected in childhood, and who are at a higher risk of symptomatic and/or severe disease. 

To estimate the national burden of disease associated with hepatitis A, countries may choose to 

assess data from vital registration systems, acute disease surveillance, and health information 

systems capturing fulminant disease and/or causes of liver transplantation. Such information is 

important to identify individuals and groups at high risk for the disease, requiring prophylactic 

measures. 

In 2019,  there were an estimated 159 million acute hepatitis A virus infections, resulting in 39 000 

deaths and 2.3 million disability-adjusted life years (5). The burden of disease in 2019 was not 

equally distributed worldwide. Overall, 66% of acute hepatitis A cases and 97% of hepatitis A 

deaths occurred in low-income  and low-middle-income countries. In absolute numbers, South-

East Asia Region of WHO had the greatest number of hepatitis A cases (42 million) and deaths 

(23 711; 60% of the total number of deaths). In terms of rates, hepatitis A disease incidence was 

the highest in the African Region (3 714 infections per 100 000 population per year) and hepatitis 

A-related mortality was the highest in South-East Asia (1.18 deaths per 100 000 population per 

year).  

The Global Burden of Disease Study (GBDS) estimates that hepatitis A cases worldwide increased 

by around 4% between 2010 and 2019, while hepatitis deaths decreased by 40% in the same 

interval (5). 

Serological prevalence profiles vary geographically.(1) In most low-income regions, including 

sub-Saharan Africa and parts of South Asia, the prevalence of anti-HAV antibodies in the 

population may exceed 90% by the age of 10 years. In those areas, exposure to HAV usually occurs 

before the age of 5 years, when most HAV infections are asymptomatic. As a result of infection 

and consequent induction of lifelong immunity, there are few susceptible adolescents and adults, 

and hence little symptomatic disease. Outbreaks are rare in these regions. At the same time, in 

almost all low-income countries, there is now an urban middle-class subpopulation with 

adolescents and adults who have not been HAV-infected as children and are at a high risk of 

symptomatic  HAV infection later in life. 
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In high-income regions (Western Europe, Australia, New Zealand, Canada, the United States, 

Japan, the Republic of Korea, and Singapore) the prevalence of anti-HAV antibody is very low 

(<50% are immune by age 30 years). In these regions, the high proportion of susceptible 

individuals among adults could theoretically allow transmission, but there is almost no circulation 

of the virus, except in particular risk groups, and the risk of acquiring HAV infection is low. HAV 

infections may occur in individuals or groups at particular high risk of HAV infection, such as 

unimmunized travellers to areas of high endemicity, men who have sex with men, injection drug 

users, occasionally in specific subpopulations and, of increasing importance, among the persons 

experiencing homelessness and persons who are incarcerated. However, foodborne outbreaks do 

occur, for example following ingestion of shellfish sourced from in sewage-polluted waters, or 

through contaminated fresh produce, such as vegetables or fruit. On rare occasions, mainly before 

appropriate donor screening and viral inactivation procedures were introduced, hepatitis A was 

associated with transfusion of blood and blood products (6).  

In most middle-income regions in Asia, Latin America, Eastern Europe, and the Middle East, 

surveys of anti-HAV antibodies in the population show a mix of intermediate and low prevalence. 

In these regions, where a substantial proportion of adolescents and adults are susceptible, HAV 

may circulate, often with regular community-wide outbreaks. HAV infection in adolescents and 

adults is associated with a higher rate of severe clinical manifestations. Thus, paradoxically, with 

the transition from high to intermediate endemicity, the average age at infection and hence the 

incidence of clinically significant hepatitis A increases.  

For example, in 1988, during a major outbreak in Shanghai, China, more than 300 000 individuals 

developed symptomatic HAV infection within a short time period. Over 8 000 of them required 

hospitalization and more than 90% of those hospitalized were aged between 20 and 40 years.(7) 

In some countries in transition, such as the Republic of Korea,(8) Argentina,(9) and Brazil,(10) 

HAV infection has become a leading cause of fulminant hepatic failure (FHF). In India, HAV was 

shown to be associated with up to 50% of all cases of FHF in children. The populations in middle-

income countries may benefit the most from large-scale HAV vaccination programmes (11). 

Vaccine effectiveness in paediatric populations at risk of hepatitis A has been demonstrated in 

several geographic regions worldwide for two-dose (12-16) and single dose schedules.(17-23).    

2 Virus and pathogenesis 

HAV is classified as a hepatovirus of the Picornaviridae family. It has a single-stranded, linear 

ribonucleic acid (RNA) genome. It is shed in faeces as naked non-enveloped virions but circulates 

in blood, cloaked in host membranes (24). Quasi-enveloped HAV (eHAV) virions are released 

from infected cells non-lytically as small extracellular vesicles (EVs), the membranes of which 

completely envelope and protect the capsid from neutralizing antibodies (25, 26). In terms of their 

size and density, these eHAV vesicles resemble ‘exosomes’, small EVs that mediate intercellular 

communication (27). 

Only a single serotype of HAV exists. The identification of several different HAV genotypes and 

sub-genotypes has significantly enhanced the ability to investigate hepatitis A outbreaks and define 

HAV transmission routes (28, 29). 

HAV is resistant to low pH and heat (60 ºC for 60 minutes) as well as to freezing temperatures. 

The virus can persist in faeces and soil for a prolonged period of time (29). 

Following ingestion, the eHAV may penetrate the gut mucosa, replicate in cells of the epithelial 

crypts, and reach the liver via the portal blood. HAV has a special tropism for hepatocytes, but is 



SAGE_April2022_hepatitisA_background.docx 

5 

 

 

non-cytopathic. HAV infection induces innate and adaptive immune response, which leads to an 

acute necro-inflammatory process in the liver, that normally resolves spontaneously without 

chronic sequelae (24). 

Since maximal faecal shedding generally precedes the onset of disease, HAV replication by itself 

does not cause hepatocellular injury. Early studies suggested that liver injury might result from a 

robust T cell response, as IFN--producing, virus-specific, cytotoxic CD8+ T cells have been 

identified in peripheral blood and liver of infected humans (30, 31). 

Transmission of HAV is associated with extensive shedding of the virus in faeces, as naked virus, 

particularly towards the end of the incubation period. Extended viraemia roughly parallels, at a 

lower magnitude, the shedding of naked virus in the faeces (29). 

3 Clinical manifestations and etiological diagnosis  

The incubation period of acute hepatitis A is usually 14–28 (up to 50) days. The clinical outcome 

is strongly correlated with age: while young children usually have asymptomatic infection, older 

children and adults commonly experience symptomatic disease (24, 32, 33). 

The clinical manifestations are those of acute viral hepatitis, indistinguishable from hepatitis 

caused by other viruses. Symptoms typically include malaise, fatigue, anorexia, vomiting, 

abdominal discomfort, diarrhoea and less commonly, fever, headaches, arthralgia and myalgia. 

Elevated levels of liver enzymes, the appearance of dark urine and sometimes clay-coloured stools 

and jaundice are characteristic manifestations of acute viral hepatitis. 

Ultimately, hepatitis A resolves completely in >99% of the cases, although relapse of symptoms 

has been reported in 3%–20% of clinical cases (34, 35). In contrast to hepatitis B and C, hepatitis 

A does not cause chronic liver disease. The estimated case-fatality ratio of hepatitis A varies with 

age and ranges from 0.1% among children <15 years of age to 0.3% among persons 15–39 years 

of age, and 2.1% among adults aged ≥40 years (36). Fulminant hepatitis is rare but associated with 

high mortality. In Argentina, 0.4% of paediatric cases developed fulminant hepatitis, of which 

60% were fatal (37). Immunosuppressed patients and patients with chronic liver disease are at 

increased risk of developing severe or fulminant hepatitis. 

Acute hepatitis A infection in pregnant women has been reported to be associated with an increased 

risk of preterm labour and gestational complications, such as an increase in incidence of birth of 

Small for Gestational Age infants (38, 39). 

Serological testing (IgM anti-HAV) is required to establish the etiological diagnosis of acute 

hepatitis A. IgM, IgG and IgA anti-HAV antibodies appear shortly before or concurrent with the 

onset of symptoms (40). Anti-HAV IgM antibodies are detectable in both symptomatic and 

asymptomatic patients; in symptomatic patients, these antibodies appear within 5–10 days of 

symptom onset, or at the early phase of liver enzyme increase, and persist for about 4 months 

(range 30–420 days). IgG antibody titres rise later and then persist for a long period   of time, i.e. 

for years after infection, or even life-long. Using nucleic acid amplification and sequencing 

techniques, HAV RNA can be detected in body fluids and faeces.   
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4 Hepatitis A vaccines 

Following the successful propagation of HAV in cell culture in 1979, several hepatitis A vaccines 

have been developed. Two types of hepatitis A vaccines are currently used worldwide: (a) 

formaldehyde-inactivated vaccines produced in several countries which are the most commonly 

used globally, and (b) live attenuated vaccines, which are manufactured in China and are also 

available in several other countries (40). 

All hepatitis A vaccines contain antigens derived from inactivated or attenuated HAV strains 

grown in cell culture. The nucleotide and amino-acid sequences of these strains are approximately 

95% identical. 

Antibody levels ranging from 10–33 mIU/ml, using different assays, have been proposed as the 

threshold for protection from HAV infection in humans (41). Most recent international practice 

uses either 10 or 20 mIU/mL as the seroprotection threshold (40). However, clinical experience 

suggests that protection following vaccination may be present even if anti-HAV antibodies are not 

detectable using standard immunoassays (42). A positive (qualitative) test for total anti-HAV 

antibodies is considered to signify immunity to hepatitis A (40). 

The 2012 vaccine position paper was based on a systematic review that provided a detailed 

evidence base on the efficacy of the hepatitis A vaccines. The 2021 systematic review and meta-

analyses conducted as background for this paper did not identify any additional studies of efficacy 

in the period 2012 - 2021. Hence, effectiveness and long-term immunogenicity were the main 

outcomes of interest. Effectiveness was assessed by consideration of hepatitis A clinical disease 

incidence, as studies examining data on death, hospitalization or other clinical endpoints of interest 

were not identified. Immunogenicity was assessed through two endpoints: (i) seropositivity of anti-

HAV total or IgG antibodies (mIU/ml)  (with a threshold of antibodies titres defined by individual 

study) and (ii) geometric mean concentration of anti-HAV antibodies, measured through different 

points of time since immunization.  

Single and two dose studies results were pooled and subdivided by follow-up duration (as 3-7 

years or > 7 years) , as well as by type of vaccine (live attenuated vaccines or inactivated vaccines). 

No analysis was undertaken by vaccine brand. 

The analysis found that hepatitis A vaccines are effective in preventing hepatitis A clinical disease  

and HAV infection, as well as on conferring long-term seroprotection, regardless of type of 

vaccine (live attenuated or inactivated). It was also found that two-dose schedules consistently 

result in higher mean GMCs over time, compared to single-dose schemes. 

Based on WHO UNICEF joint report form (2020 data), around 20 countries have implemented 

universal childhood vaccination programmes across 4 WHO regions (AMR, AMR, EUR and 

WPR), and 8 countries mainly in the Americas have implemented 1 dose inactivated vaccine 

programmes.  

4.1 Inactivated hepatitis A vaccines 

 Administration, manufacturers’ stipulated schedules and storage of inactivated hepatitis A 

vaccines 

Inactivated HAV vaccines are prepared by propagation of HAV in human fibroblasts, purification 

of virions from cell lysates and inactivation using formaldehyde. Most of the available inactivated 

vaccines are adjuvanted by adsorption to aluminium hydroxide. Inactivated hepatitis A vaccines 
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are currently available in single-dose presentations and most are formulated without preservative. 

The biological activity of inactivated hepatitis A vaccines is measured either by an in vivo relative 

potency assay or by an in vitro immunochemical determination of antigen content with acceptance 

criteria validated against the in vivo test. For each vaccine, an acceptable unit specification is 

established based on levels shown to be efficacious in clinical trials. A WHO international 

reference vaccine was established in 1999. Vaccines developed before the international reference 

preparation became available, use  a unit specification established based on their respective in-

house reference, and therefore biological activity expressed in these units may not be comparable 

across vaccines. WHO has provided recommendations for production and quality control of 

inactivated hepatitis A vaccines (43). 

For children, several manufacturers provide a half-volume presentation of the vaccine with the 

same antigen concentration as the adult formulation. Inactivated hepatitis A vaccines should be 

refrigerated at 2–8 ºC; the vaccines should not be frozen. When stored at the recommended 

temperature, the shelf-life for inactivated hepatitis A vaccines ranges between 24 and 36 months, 

as specified by the manufacturers. The main inactivated vaccines used at the global level are listed 

in the table 1 below. 

Table 1: Main monovalent inactivated hepatitis A vaccines used on the global market 

Trade 
Name 

Vaccine 
Strain 

Adjuvant Paediatric  
Dose 

Adult 
Dose 

no. of doses 
according to 

label 

Manufacturer WHO Pre-
qualified? 

HAVRIX HM-175 Aluminum 
Hydroxide 

720 EU 
 (12M-
18Y) 

1440 
EU 

(≥ 19Y) 

2 
(0, 6-12M 

GlaxoSmithKline Yes 
(2003) 

Healive TZ-84 Aluminum 
Hydroxide 

250 U 
(12M-15Y) 

500 U 
(≥16Y)   

2 
(0, 6-12M 

Sinovac Biotech Yes 
(2017) 

AVAXIM GBM Aluminum 
Hydroxide 

80 IU 
(12M-15Y) 

160 IU 
(≥ 16Y) 

2 
(0, 6-36M) 

 Sanofi Pasteur No 

VAQTA CR-236 Aluminum 
Hydroxide 

25U 
(12M-18Y) 

50 U 
(≥ 19Y) 

2 
(0-6-18M) 

 Merck Vaccines No 

Weisariuian Lv-8 Aluminum 
Hydroxide 

320 EU 640 EU 2 Inst Med 
Biology, Chinese 

Acad Med Sci 

No 

Veraxim YN-5 Aluminum 
Hydroxide 

800 EU 1600 
EU 

2 Shanghai Wison No 

Aimmugen KRM-
003 

 
None 
  

0.5 μg 0.5 μg 3 
(0, 2-4W, 6M) 

 KMB Biologics, 
Inc. 

No 

Algavac LBA-86 Aluminum 
Hydroxide 

25 U 50 U 2 
(0, 6-12M 

Vector-BiAlgam No 

EPAXAL*   RG-SB Virosome 24 U 24U 2 Crucell No 

* Manufacturing of EPAXAL was discontinued in 2014.    Note: Not comprehensive; vaccines may be marketed under other trade names. 

 

Combined vaccines that include hepatitis A and B, or hepatitis A and typhoid have been developed, 

mainly intended for use in adult travellers (44). All inactivated hepatitis A vaccines are 

interchangeable, including combinations containing hepatitis A vaccine (45, 46), see table 2 and 3 

below. 

 

Table 2: Main combination vaccines inactivated hepatitis A – Typhoid vaccines used on the global market 

Trade 
Name 

Vaccine Strain Formulation Paediatric  
Dose 

Adult 
Dose  

no. of 
doses 

Manufacturer WHO Pre-
qualified? 



SAGE_April2022_hepatitisA_background.docx 

8 

 

 

according 
to label 

Hepatyrix Hepatitis A 
(inactivated) and 

S, typhi 
polysaccharide 

adsorbed 

1440 EU 
(HM 175)   

- 1 ml 
IM  

(15 y 
and 

above) 

One or 
two* 

GlaxoSmithKline No 

Vivaxim, 
ViATIM 

and 
Tyavax 

Hepatitis A 
(inactivated) and 

S, typhi 
polysaccharide 

adsorbed 

160IU 
(GBM) 

- 1 ml 
IM 

(16 y 
and 

above) 

One or 
two* 

Sanofi Pasteur No 

* May be administered 6-12 months after single monovalent Hepatitis A vaccine dose as a booster. May also be given as a primary dose for 

Hep A, followed by either administering a monovalent inactivated booster dose at 6-12 months or, if ongoing typhoid protection is needed, 

a second dose of the combination vaccine given at 36 months. 

 

Table 3: Main combination vaccines inactivated hepatitis A – Hepatitis B vaccines used on the global market 

Trade 
Name 

Vaccine 
Strain 

Adjuvant Paediatric  
Dose 
(HepA 

component) 

Adult Dose 
(HepA 

component) 

no. of 
doses 

according 
to label 

Manufacture
r 

WHO Pre-
qualified? 

Twinrix/ 
Ambirix  

Hepatitis A 
(inactivated) 
and HBsAg 

(recombinant) 

Aluminum 
Hydroxide 

360 EU 
 (12M-15Y) 

720 EU  
(HM 175)  
(≥ 16Y) 

3 
(0, 1M, 6M) 

GlaxoSmith
Kline 

No 

 

 

Inactivated hepatitis A vaccines are licensed for use in persons ≥12 months of age. This reduces 

the potential of interference by pre-existing maternal antibodies, whether transferred through 

placenta or breast feeding, with the vaccine’s activity (47, 48). According to the manufacturers, a 

complete vaccination schedule consists of 2 doses administered into the deltoid muscle. The 

interval between the first (primary) dose and second (booster) dose is commonly 6–12 months; 

however, it is flexible and can be extended to 18–36 months, depending on the vaccine type (40). 

Hepatitis A vaccine doses do not need to be repeated if the interval between doses is exceeded. 

Hepatitis A vaccines can be administered simultaneously with vaccines against diphtheria, tetanus, 

pertussis (DTP), polio (oral and inactivated), Haemophilus influenzae type b (Hib), measles, 

mumps, rubella, typhoid (oral and intramuscular), hepatitis B, cholera, Japanese encephalitis, 

rabies and yellow fever, without biologically significant interference in the immunogenicity, 

reactogenicity or safety of the individual vaccines (40, 49, 50). 

 Immunogenicity, efficacy, and effectiveness of inactivated hepatitis A vaccines 

4.1.2.1 Standard two-dose immunization 

All inactivated hepatitis A vaccines approved by stringent regulatory authorities are highly 

immunogenic and generally produce comparable immune responses (19, 51). The efficacy of these 

vaccines was first studied in the early 1990s in a large double-blind randomized controlled trial of 

children 1 to 16 years conducted in Thailand (52) in high-incidence communities, which 

demonstrated protective efficacy of 94% (95% CI: 79%–99%) after 2 doses; cumulative efficacy 

following the booster (third) dose at 12 months was 95% (95% CI: 82%–99%). Given such high 

efficacy, most recent studies have been limited to real-world effectiveness analyses. 

The effectiveness of inactivated hepatitis A vaccines has been demonstrated in a wide range of 

single and two-dose studies in a variety of contexts. Standard two-dose studies have consistently 
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been shown to be highly effective in preventing new HAV infections and to result in strong, 

durable immune responses when anti-HAVAb titre is used as a proxy for immunity status (53-65).  

Approved vaccines are so effective  that clinical trials with longer term follow-up (from 3 – 25 

years post primary vaccine course) have failed to consistently demonstrate new cases of clinically 

apparent HAV infections among vaccinated individuals, regardless of vaccine type (live vs 

attenuated) or schedule (one vs 2 doses) and natural exposure to HAV by participants during 

follow-up. Indeed, while subclinical cases have been detected, it has been only through an acute 

marked elevation in anti-HAV antibody titres through routine clinical trial follow up. 

The population-level impact of hepatitis A inactivated vaccines has now been widely 

demonstrated. The first studies were in areas of Native American and Alaska Native communities 

(66, 67). Vaccination of the majority of children, and in some cases adolescents and young adults, 

resulted in a rapid decline in disease incidence. With ongoing routine vaccination of children, 

reductions in disease incidence in these communities have been sustained over the long term (68-

70). 

In larger, more heterogeneous communities with lower but consistently elevated hepatitis A rates, 

accumulating evidence from a number of countries indicates that sustained routine hepatitis A 

vaccination of children with both one and  2 doses can markedly reduce hepatitis A incidence over 

time. 

The impact on hepatitis incidence in two-dose studies of inactivated HAV vaccine in a variety of 

contexts (Australia, China, Israel, Panama and the United States) demonstrates a reduction in 

incidence in all age groups of 76% to 98% (12-15, 71). The largest decrease was in a nation-wide 

cohort in Israel (14), and the least was reported in Zhejiang province, China (19, 21, 22). In studies 

that report incidence by age group, the largest decreases were pronounced in children <10 years 

old. Countries or regions with higher endemicity see larger reductions following universal vaccine 

introduction. 

For grading of the scientific evidence for efficacy of inactivated hepatitis A vaccines (2 doses), 

see Grading Tables (Annexe 1). 

Nevertheless, there are remaining limitations on data interpretation for impact analyses of both 

types of vaccines. Firstly, despite an ostensible decline observed in reported hepatitis A disease 

incidence estimates following routine vaccination, very few studies have rigorously either assessed 

or reported confounders, such as concomitant improvements in sanitation and associated 

infrastructure, as well as changes in accuracy and completeness of notifications in national 

surveillance systems that may have followed the introduction of the immunization. Secondly, data 

on age-specific vaccine coverage rates during the scale up of universal vaccination programmes 

are lacking in most reports. Finally, the impact of natural boosting through environmental exposure 

for vaccinated individuals is difficult to quantify. All three factors may have biased to some extent 

the estimates on effectiveness, impact and immunogenicity in some individual studies and thus 

limited the possibility to accurately estimate vaccine impact in the systematic review.   

Despite such limitations, in key jurisdictions, impact of expanded HAV vaccine programming has 

been clearly visible. For example, in Argentina, Vizzotti et al. examined the occurrence of 

fulminant hepatic failure and liver transplantation cases notified from 2002 through to 2011, i.e. 

during and after the introduction of universal single-dose childhood vaccination in 2005. Hepatitis 

A had been the leading cause of fulminant hepatic failure and liver transplantation in children in 

the assessed pre vaccination period (between 2002 and 2004). However, in the post-vaccination 

period, not a single case of liver failure or transplantation was observed, demonstrating the impact 
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of vaccination on these critical outcomes (72).  

4.1.2.2 Single-dose immunization  

Limited evidence regarding single dose immunization for hepatitis A was available at the time of 

preparation of the 2012 WHO position paper. Only two trials were considered, one from Nicaragua 

and the other from national use of a single-dose schedule of hepatitis A vaccine in Argentina (53, 

73). The SAGE concluded that national programmes may consider a single-dose schedule, 

although additional evidence of long-term immunogenicity was needed (3, 74). Following this, 

there has been an expansion of single dose national programmes and further epidemiologic data 

are available to support the use of such programmes.  

For grading of the scientific evidence for efficacy of inactivated hepatitis A vaccines (1 dose), see 

Grading Tables Annexe 3. 

A 2012 review found that protective anti-HAV antibody levels after a single dose of inactivated 

hepatitis A vaccine can persist for almost 11 years, and its titre increases or reappears after booster 

vaccination among studies assessing long-term protection up to 10.67 years after a 1-dose 

vaccination (75). 

A Nicaraguan study among 105 children vaccinated in 2005 with a single dose of virosomal 

vaccine (Epaxal) identified no cases of clinically apparent disease and vaccine effectiveness of 

98.3% (95% confidence interval, 87.9–99.8) at 7.5 years. Boosting with HAVRIX elicited an 

average 29.7-fold increase of anti-HAV levels (61). Argentina includes a single-dose inactivated 

hepatitis A vaccine in their national immunization schedule at 12 months (72). In that context, a 

long-term follow up study of 247 children vaccinated with a single dose inactivated HAV vaccine 

did not identify any clinically apparent HAV disease through 10 years (54). Seroprotection at 10 

years was 100%. Also, in Argentina, an additional follow-up of 1119 children at a mean of 9.7 

years (range 9-11.3 years) reported that 87.6% individuals had anti-HAV IgG ≥ 10 mIU/mL. and 

anti-HAV GMC was 28.0 mIU/mL (95% CI: 26.8-29.3 mIU/mL) (76). 

The impact of single-dose hepatitis A inactivated vaccine programmes has been increasingly 

demonstrated across the globe including in Argentina, Brazil, Italy and Russia (17, 18, 20, 23). 

The reported incidence of hepatitis A decreased in all age groups by 80%-99%. The smallest 

decrease was documented in Brazil, while the largest decrease in HAV incidence following a 

population-based programme occurred in Tyva province in Russia (23). 

4.1.2.3 Efficacy and effectiveness of post exposure prophylaxis 

Post exposure prophylaxis by hepatitis A inactivated vaccine (one dose) 

The effectiveness of post-exposure prophylaxis is the greatest when it is administered soon after 

exposure; thus, HAV vaccine should be administered as soon as possible, and within 2 weeks of 

exposure, to achieve the best possible protection against symptomatic infection. 

High efficacy of post-exposure prophylaxis with inactivated hepatitis A vaccines is well 

documented. In 1991, a double-blind, placebo-controlled trial was conducted during a hepatitis A 

outbreak in upstate New York, USA (77). This trial involved 1037 children 2–16 years of age, who 

received 1 dose of inactivated hepatitis A vaccine, or placebo. In the placebo group, 25 cases of 

confirmed hepatitis A occurred, whereas in the vaccine group, no new cases were identified from 

day 17 after vaccination. In Israel, a community-wide outbreak of hepatitis A in a 

socioeconomically deprived setting was completely interrupted within a few weeks following 1 

dose of inactivated hepatitis A vaccine administered to >90% of the paediatric population (33).  
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High efficacy of post-exposure prophylaxis with an inactivated HAV vaccine was also reported 

from Kazakhstan (78), where 1090 household and day-care contacts (2–40 years of age) of index 

cases with acute hepatitis were randomized to receive hepatitis A vaccine or passive prophylaxis 

with immune globulin. Symptomatic infection with hepatitis A virus, occurred in 4.4% of 

vaccinated contacts and in 3.3% of contacts receiving immune globulin, (RR 1.35; 95% CI=0.70–

2.67).  

Response to HAV vaccine within 2 weeks diminishes with age. However, data are limited on the 

use of HAV vaccine for post-exposure prophylaxis among persons aged >40 years, particularly in 

discrete age groups (79). A systematic review, including studies using inactivated vaccines 

(HAVRIX or VAQTA), found no articles that provided explicit estimates of efficacy or 

effectiveness of HAV vaccine among adults >40 years of age against disease endpoints (80). 

However, ten articles included hepatitis A vaccine serologic data among persons aged >40 years 

(80). One reanalysis of a randomized clinical trial included data stratified by age groups and found 

seroconversion at 15 days post-vaccination of 74% in adults 40–49 years (n = 125; GMT of 26.09 

mIU/mL), 54% in adults 50–59 years (n = 37; GMT of 12.80 mIU/mL), and 30% in adults ≥60 

years (n = 10; GMT of 1.62 mIU/mL) (81, 82). Other, mostly observational studies, also suggested 

lower post-HAV vaccination antibody titres and a longer time to seroconversion among persons 

>40 years compared to persons ≤40 years of age  (80). For grading of the scientific evidence for 

efficacy of inactivated hepatitis A vaccines in post-exposure prophylaxis (2012 systematic 

review), see Grading Tables Annexes 5 and 6. 

Passive prophylaxis with immune globulin 

Immune globulin (Ig) provides protection against hepatitis A through passive transfer of antibody 

(40, 78). Prophylaxis is achieved within hours of injection and is 80%–90% effective when 

administered within 14 days of exposure. Based on a global study, Ig manufactured from plasma 

donors with declining herd immunity to HAV yielded low anti-HAV Ig potencies (83). This 

prompted an increase in the dose of Ig in the U.S (84) to 0.1 ml/kg if protection was desired for up 

to 1 month and 0.2 ml/kg for up to 2 months.  

The use of Ig worldwide is now declining because of insufficient concentrations of anti-HAV IgG 

in non-specific Ig preparations, the high cost of specific HAV IgG preparations, the limited 

duration of protection following passive IgG prophylaxis, and because hepatitis A vaccines induce 

rapid a n d  l o n g - l a s t i n g  protection against HAV after the first dose (77, 85). A randomized 

controlled trial showed no significant difference in protection against symptomatic and 

asymptomatic HAV infection when either an IgG preparation or a hepatitis A vaccine was 

administered to contacts of confirmed cases of hepatitis A aged ≤ 4 0  years within 14 days of 

exposure (78). However, the response to vaccine may be diminished among older adults (80). Ig 

in addition to vaccine may be considered for this population for post-exposure prophylaxis, when 

feasible. 

For grading of the scientific evidence post exposure prophylaxis of HAV vaccines and Ig see  

Grading Tables Annexe 5 and 6. 

 Duration of protection of inactivated hepatitis A vaccines by dose schedule 

4.1.3.1 Duration of protection for two- or-more dose schedules 

Protection in multi-dose studies against clinically apparent infection persists for up to 25 years in 

adults who received inactivated vaccine as children with a three-dose schedule (63). In this study, 
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mean GMC at 25 years was 91.5 mIU/mL among the 43 of the original 144 individuals that could 

be followed, with 81% having antibody titres ≥20mIU/mL. This schedule has been shown to be 

equivalent to the current two-dose schedule (86). Long-term studies of the two dose schedules for 

7.5 years (Israel) and 10–14 years (Argentina) showed 100% protection against clinical disease 

and seroprotection ranging between 97–100% (54, 59, 60). A 15-year follow-up study of HAV 

vaccinated children of HAV Ab positive and negative mothers in Alaska found 100% 

seroprotection (defined as an anti-HAV antibodies titre ≥20 mIU/mL) for children of maternal 

anti-HAV-negative compared to 67% for children of maternal anti-HAV-positive, respectively. In 

adults, persistence of the vaccine-induced immune response following primary two-dose 

immunization with inactivated hepatitis A has been shown to  persist for up to 15 years (87). Anti-

HAV seropositivity persisted until at least ages 20 years among three groups of Alaska Native 

children for whom a 2-dose inactivated HepA vaccination series was initiated at ages 6–21 months 

(88). 

Mathematical modelling and anti-HAV kinetic studies based on long term follow-up data in 

empiric paediatric studies suggests that detectable antibodies are estimated to persist for as much 

as 60 years for the two-dose schedules (54, 89, 90). As protection following natural infection is 

lifelong, protection from the vaccine against clinically apparent disease may also be lifelong . 

For grading of the scientific evidence for long term protection of inactivated hepatitis A vaccines 

(2 doses), see Grading Tables Annexe 7. 

For Evidence to recommendation table comparing two doses schedule vs no vaccination, see 

Annexe 13. 

4.1.3.2 Duration of protection for one-dose schedules 

Studies of longevity of immune response for single-dose schedules have demonstrated persistence 

of seroprotection for up to 12 years for inactivated preparations (54, 91). Persistent B and T cell 

immune memory has been demonstrated at 12 years for inactivated preparations (92) even when 

individuals have lost seroprotection over time. In a sub-analysis of a larger Argentinian study (76) 

of the children who had received a single-dose HAV vaccine 12 years before and were negative 

for seroprotection (mean GMC 0.7 mIU/mL), 96% reached seroprotection following a booster, 

and HAV-specific memory CD4+ and CD8+ T-cells were observed in 14/26 (54%) and 7/26 

(26.9%) respectively, showing that the presence of memory T-cells was independent of the level 

or presence of detectable anti-HAV antibodies (76). These results demonstrate the existence of 

long-term anamnestic immune response to primary single-dose vaccination with inactivated 

preparations. 

Detectable antibodies are estimated to persist up to 30 years with single-dose schedules based on 

mathematical modelling and on anti-HAV kinetic studies (54). Modelling data comparing single 

to two dose schedules of inactivated hepatitis A vaccine has confirmed the maintenance of high 

levels of seroprotection at 20 and 30 years postvaccination, irrespective of the dosing schedule and 

despite the continued linear decline in antibody level; natural boosting had limited impact 

conferring only an additional 5% protection (54). 

For grading of the scientific evidence for long term protection of inactivated hepatitis A vaccines 

comparing one dose versus multiple dose schedules, respectively 3–7-year follow-up and above 7 

years follow up, see Grading tables Annexe 9 and Annexe 10. 

For grading of the scientific evidence for long term protection comparison of inactivated hepatitis 

A vaccine (1 dose) vs multiple dose inactivated schedules, respectively 3-7 year and above 7 years 
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follow up, see Grading tables Annexe 11 and 12. 

For Evidence to recommendation table comparing one and two doses schedule see Annexe 14. 

 Safety of inactivated hepatitis A vaccines 

Based on the cumulative global experience gained from the use of several hundred million doses, 

the overall safety profile of all formaldehyde-inactivated hepatitis A vaccines administered to 

children (aged 1 to <15 years) and adults has been excellent, irrespective of schedule and 

manufacturer (42, 93-95).  

Large pre-licensure safety studies of two different inactivated hepatitis A vaccines found that 

among adult recipients, local reactions, including soreness or tenderness at injection site, were 

reported in 56% and 53%, respectively, whereas in children the respective rates were 15% and 

17%. Headache was reported in 14%–16% of adults for both the vaccines, but rarely in children 

(42). 

No vaccine-related, serious adverse events were reported in approximately 40 000 children who 

participated in a study of safety and efficacy of inactivated hepatitis A vaccine (52). Similarly, 

in two post-licensure studies, one with 11 273 children and 25 467 adults, and the other with about 

2000 vaccinees in different age groups, no serious adverse events occurred that were 

considered to be associated with administration of the vaccine (42, 94). 

A 2012 systematic review (96) examined published literature on vaccine safety and adverse events 

in the period until 2011, and did not identify any adverse events of note. 

Regarding more recent evidence, a phase IV, open-label, single-arm trial conducted by Shi et al 

(97) in 2018 examined the safety of an inactivated vaccine licensed in China since 2010 

(Avaxim® 80U Paediatric) in a two-dose schedule administered 6 months apart to 355 healthy 

toddlers, children and adolescents up to 15 years  of age. Endpoints were solicited injection site 

reactions, unsolicited reactions, systemic adverse events and serious adverse events, and maximum 

time of observation was 30 days after the second dose. Loss to follow-up was 6.5% at the end of 

that period. There were no serious adverse events. Solicited injection site reactions were present 

in 17.2% of infants and toddlers and 33.3% of adolescents, and the systematic reactions were 

observed in 23.1% and 25%, respectively. Unsolicited events occurred only in infants and toddlers, 

with a prevalence of 6.3%. These results confirmed safety and tolerability of this inactivated 

vaccine, similar to the prior studies with other vaccines.  

For grading of the scientific evidence for safety of inactivated hepatitis A vaccines (2 doses), see 

Grading tables Annexe 1. 

4.2 Live attenuated hepatitis A vaccine 

 Administration, manufacturers’ stipulated schedules and storage of live-attenuated hepatitis A 

vaccines 

Two live attenuated hepatitis A vaccines, based on the viral H2 strain and on the L-A-1-strain, 

have been licensed in China since 1992 for subcutaneous administration in children aged ≥18 

months (19). These live vaccines were attenuated through multiple cell culture passages and 

subsequently propagated in human diploid embryonic lung fibroblast cells. Their potency is 

established by tissue culture infective dose (TCID50) assessments. For children, the live attenuated 

vaccine is scheduled as a single dose of 0.5 ml volume, and 1.0 ml (containing no less than 6.50 
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lgCCID50 of live HAV) for adults. The dosage formulation was changed from liquid preparation 

to freeze-dried preparation in Chinese pharmacopeia in 2000 to extend the shelf-life. The freeze-

dried live attenuated vaccine should be stored in refrigerator at 2℃-8℃. When stored at the 

recommended temperature, the shelf-life for live attenuated hepatitis A vaccines is 18-24 months. 

Table 4 lists the main live attenuated hepatitis A vaccines used. 

Table 4 Main live attenuated vaccines used globally 

Trade 
Name 

Attenuated 
HAV Strain 

Formulation/ 
adjuvant 

Paediatric 
Dose  

(18 mths - 
15 y) 

Adult 
Dose 

(Age ≥ 
16 y) 

no. of doses 
according to 

label 

Manufacturer WHO Pre-
Qualified? 

Weisairuiji H2 Lyophilized, 
no adjuvant 

0.5 ml s.c 1.0 ml 
s.c. 

one Inst Medical 
Biology, 

Chinese Acad 
Medical 

Sciences 

No 

HAVAC  LA-1 Lyophilized, 
no adjuvant 

1.0 ml s.c. 1.0 ml 
s.c. 

one Changchun 
Inst of 
Biological 
Products 

No 

 

There is limited evidence on safety and immunogenicity from China that live-attenuated HAV can 

be administered simultaneously with other routine immunization vaccines, including DTP and 

MMR (98, 99). 

 Immunogenicity, efficacy, and effectiveness of live-attenuated hepatitis A vaccines 

Clinical trials in the 1990s, which were limited to the Chinese context, of the live-attenuated 

vaccine preparations have demonstrated high efficacy and effectiveness with persistent 

immunity(100, 101). This was further demonstrated in a 4-year vaccine efficacy study of the H2-

based vaccine conducted in children 1–15 years of age at 11 primary schools in Shaoxing County, 

China, in which no hepatitis A cases were reported during 18 102 cumulative person-years in the 

vaccination group, while in the control group, 495 cases occurred during 242 168 cumulative 

person-years (vaccine efficacy 100%). In a large-scale vaccination of children aged 1–15 years in 

Jiaojiang City, China, the presence of anti-HAV IgG antibodies was documented after 15 years in 

72%–88% of the vaccinees (102) and was associated with a 32-fold reduction in reported HAV 

incidence, implying that in most cases, long-term protection against hepatitis A  is achieved 

following 1 dose of this vaccine.  

A systematic review in 2012 included 5 trials assessing the live attenuated vaccine (690 690 

participants). Subgroup analyses confirmed the clinical effectiveness of live attenuated hepatitis A 

vaccines (RR 0.07, 95% CI 0.03 to 0.17) to prevent clinically apparent hepatitis A (96). 

The impact of mass vaccination strategies using live attenuated vaccines has been demonstrated 

in several large population impact studies in China, ranging from a 50% to a 84% reduction in all-

age hepatitis incidence between before and after universal vaccination with a single dose live 

attenuated schedule (19, 21, 22). 

A national-level analysis by provinces that used single dose live attenuated hepatitis A vaccine at 

18 months age (115 million doses administered) or inactivated vaccine at 18 and 24 month age (16 

million doses administered) found that coverage in this period increased from 82.4% to 98.4%, 

while annual reported HAV cases in the national notification system decreased from 7489 in 2007 
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(4 576 in 2008) to 237 in 2018 – an overall 96.8% decline.(103) In those provinces only using the 

live attenuated preparation, the overall pre-vaccination incidence of hepatitis A was over 

6.0/100,000. Shortly after initiation of the Hepatitis A immunization programme in 2008, the 

incidence declined sharply from 7.5/100 000 in 2004 to 1.7/100 000 in 2016, indicating a 78.0% 

decline. Since 2012, the incidence has remained stable and declined below 2.0/100 000. Henan 

province, China, expanded HAV immunization in 2008 using a live attenuated vaccine 

preparation, demonstrating a 94.8% decrease in case incidence to 2018, which was particularly 

pronounced among adolescents (98.2%). Considering all HAV case reports the proportion of 

hepatitis A cases in patients younger than 10 years decreased from 41.6% in 2012 to 3.8% in 2018, 

with a parallel shift in the majority of new cases occurring among those >40 years (69.2%). 

For grading of the scientific evidence for efficacy of live attenuated hepatitis A vaccines, see 

Grading Tables Annexe 2. 

 Duration of protection of live-attenuated hepatitis A vaccines 

Studies of longevity of immune responses following live attenuated vaccines have shown at least 

15-17 years of protection, and demonstrated preserved immune memory at that time point (104, 

105). A 5-year follow up study in India showed that single dose of a live attenuated vaccine 

(Biovac-A) was well tolerated and provided long-term immunity in healthy children (106). This 

was confirmed by another follow-up study demonstrating no cases of clinically apparent disease 

at 10 and 15 years after administration of Biovac-A in an endemic area (104). Seroprotection in 

this latter study of 98 individuals followed at 15 years was 95.9% with a mean GMC of 

79.6mIU/mL in those with seroprotection. The seroprotection rate was reduced to 86.2% when the 

11 subjects who were boosted because of low antibodies titres (<20mIU/ml) were also included in 

the denominator. A 17-year follow up of 47 children administered (Pukang Biotechnological Co. 

Hanzhou, China) demonstrated seroprotection of 62% (titre ≥20mIU/mL) with no cases of 

undetectable titres. GMCs of anti-HAV IgG were 64.8 mIU/mL and 7.6 mIU/mL respectively in 

the anti-HAV seropositive and seronegative groups. However, persistent B and T cell immune 

memory were demonstrated in 94% of the 31 individuals receiving a booster at 17 years post 

primary vaccination, including 13 seronegative at this time point (105). 

For grading of the scientific evidence for long term protection of live-attenuated hepatitis A 

vaccines, see Grading tables Annexe 8. 

For grading of the scientific evidence for long term protection comparison of live-attenuated 

hepatitis A vaccine (1 dose) vs multiple dose inactivated schedules respectively 3-7 year and above 

7 years follow up see Grading tables Annexe 11 and 12. 

 Safety of live attenuated hepatitis A vaccines 

Experience during clinical trials and through passive surveillance did not identify any substantial 

safety concerns related to the Chinese live attenuated hepatitis A vaccines (40, 101). However, as 

with most other live attenuated vaccines, these vaccines are not recommended for use in pregnant 

women and in immunocompromised patients. 

Although the H2 vaccine strain is known to be shed in the stools of vaccinees, serological studies 

of non-vaccinated classmates during the school-based clinical trials in China showed no case of 

seroconversion as a consequence of person-to-person H2 strain transmission (101).  

A 2012 systematic review (96) examined published literature on vaccine safety and adverse events 
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in the period until 2011, and did not identify any adverse events of note, although data from live 

vaccines was limited. 

For grading of the scientific evidence for safety of live attenuated hepatitis A vaccines, see 

Grading tables Annexe 2. 

More recent evidence stems from a large review in China evaluating safety of both inactivated (I-

HepA) and live attenuated (L-HepA) hepatitis A vaccines licensed in China for healthy children 

above 14 years old, based on data from a nationwide surveillance system. The annual incidence of 

adverse events following immunization (AEFI) was 0.5/100 000 for both vaccines. The most 

common serious AEFIs were anaphylactic shock and febrile convulsion. Non-serious AEFI were 

reported with incidence estimates of 10.1/100 000 doses for I-HepA and 8.5/100 000 doses for L-

HepA. There were no meaningful differences regarding safety between the inactivated and live 

vaccines (22). In a phase IV multi-centre study in India among 343 healthy children aged 1 to 12 

years old, who were followed-up for 5 years after immunization with a single-dose of a live 

attenuated vaccine, no adverse event was registered over the observation period, demonstrating 

that the vaccine was safe for children and adolescents (106).  

4.3 Groups at high risk of hepatitis A infection 

High-risk groups for hepatitis A infection include those who are (a) at increased risk of HAV 

exposure, as well as those (b) at increased risk of serious clinical outcomes after acquiring the 

infection. Some countries and institutions have recommended targeted immunization of such high-

risk groups, including (a) travellers from low-endemic countries to areas of intermediate or high 

endemicity, men who have sex with men (MSM), at-risk occupational groups, people who inject 

drugs, people who experience homelessness, migrants, refugees, incarcerated persons and (b) 

patients with chronic liver disease or people living with HIV.   

HAV outbreaks have been increasingly reported among MSM across Europe, and North America 

(107-109). A large outbreak in 2016-2017 led to the occurrence of cases in 17 EU countries, in 

Argentina, Brazil, Chile, Israel, Japan, Canada and USA (110).   

Among the people experiencing homelessness, surveillance data indicate increased severity and 

higher mortality. Since 2016, several hepatitis A outbreaks in multiple states have been reported 

in the USA among drug users and/or homeless people (111).  

Most of the reported foodborne hepatitis A outbreaks have been traced to infected food handlers, as 

a single infected food handler can transmit the virus to dozens or even hundreds of persons (112, 

113). Vaccination of food handlers to prevent common-source food-borne hepatitis A is 

recommended; however, practical constraints, including staff turnover, may limit its effectiveness 

(114). The analysis of 2016-2019 data in the USA concluded that the risk for secondary infection 

from hepatitis A–infected food handlers to food establishment patrons during person-to-person 

community outbreaks is low (<1.0%). Therefore, vaccination of all food handlers would be 

ineffective at mitigating the risk for ongoing person-to-person outbreaks (115). 

In some countries, vaccination is recommended for displaced children from endemic areas after 

serological testing, while in other countries all refugee/migrant children are vaccinated without 

prior serological testing after their arrival. Cost-effectiveness studies on the different immunization 

strategies are needed.   

 Use of hepatitis A vaccines in immunocompromised individuals and the elderly 

A literature review of 11 studies (921 patients) in immunocompromised individuals reported an 
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overall serological response rate of 37% at least one month after one vaccine dose, and 82% after 

two doses (116). Immunosuppressed patients who have undergone organ or haematopoietic stem-

cell transplant transplantation (and are receiving immunosuppressive drugs) have a blunted 

immune response to hepatitis A vaccines and may lose their protection over time (117, 118). Such 

groups may need special attention, which is beyond the scope of this guidance document. 

Vaccination of patients with chronic liver disease is recommended in several countries. Most 

individuals with compensated chronic liver disease who do not receive immunosuppressive 

therapy achieve similar seroprotection rates as those in healthy subjects. However, anti-HAV 

antibody levels following immunization are reduced proportional to the degree of liver failure 

(119, 120). 

A randomized double-blind controlled trial among HIV-infected showed that adult vaccinees with 

CD4 cell counts of <300 cells/mm3 had a seroconversion rate of 87%, as compared to 100% in 

subjects with CD4 cell counts of ≥300 cells/mm3 (121).  

Other studies have also showed that the protective antibody response is associated with a higher 

CD4/CD8 ratio and having received two doses of standard schedule (compared with patients 

receiving only one dose of the same schedule) (122). 

In HIV-positive individuals, who seroconvert, anti-HAV titres were lower by a factor of 10 as 

compared to those in HIV-seronegative vaccinees (123). The factors associated with persistent 

seroprotection are virologic suppression at vaccination, maintained lower levels of HIV viremia, 

and absence of acute hepatitis C (122). A study published in 2011 showed that most adults with 

well-controlled HIV infection had durable seropositive responses up to 6–10 years after HAV 

vaccination (124). Given the lower initial antibody levels, the apparent waning of antibody levels 

and the increasing life expectancy of HIV-positive individuals, post-vaccination booster doses may 

be necessary to maintain anti-HAV levels. Still, further studies are needed on the effectiveness of 

booster HAV vaccination (125). There is limited experience using HAV vaccination as post-

exposure prophylaxis in HIV-positive individuals.  

Finally, it is well established that severity of disease increases with increasing age. In a study, the 

first dose of an inactivated hepatitis A vaccine induced adequate antibody responses in 100% of 

young adults, but in only 65% of individuals aged ≥50 years. However, following the second dose, 

the corresponding figures were 100% and 97%, respectively (126). 

Clinical breakthrough infections have been reported in adult travellers (some elderly or HIV 

positive) after the priming dose (61) or after two doses in two subjects, who were 

immunocompromised with HIV infection (127) and acute myeloid leukaemia, (128) respectively. 

4.4 Cost-effectiveness and economic impact 

Population impact models for universal HAV vaccine programmes are complex, given wide 

contextual variations  in age structures and epidemiological situations; this means that it may be 

challenging to draw overarching conclusions from these models.  

Several health economic studies covering a wide range of contexts including Brazil, Indonesia, 

Mexico, Jordan, Tunisia and the United States were reviewed (90, 129-138). Key themes in these 

studies include that universal, primary immunization programs have early and substantial 

epidemiological impact; that both single-dose and two-dose HAV vaccine schedules are effective 

at the population level, and that any projected difference between these schedules is determined 

by assumptions on waning immune protection; that herd immunity is a substantial contributor to 
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the overall impact of a universal HAV vaccine programme; that universal HAV vaccine programs 

are more impactful where endemicity is higher; and finally, pros and cons of committing the extra 

resources necessary to initiate a complete catch-up vaccine programme in the settings of low 

endemicity are not clear, and their initiation would require a country and context-specific 

investigation .   

Specifically, the Mexican models (130, 131) suggest at the population level that universal two-

dose strategies have a greater impact on the epidemiology of HAV infection, but only the single-

dose strategy is cost-saving. Sensitivity analyses show the profound impact of assumptions on 

longevity of the immune protection. In the USA, one study examined the impact of a universal 

childhood vaccination programme (to coverage of 81%) and found that it would result in a 

substantial reduction in infections and hospital visits (i.e. morbidity and subsequently costs), but 

would prevent just 228 deaths (132, 139). The study found that herd immunity contributed 

substantially to accelerating the impact of such a vaccine programme. Another study modelled the 

epidemiologic impact of population-based catch-up programme for HAV vaccination, and found 

that it did not have a marked impact, since 752 doses of vaccine would have to be administered to 

prevent one HAV case (133). An analysis in Tunisia (129) reported that while the two-dose 

regimen appeared to have an epidemiological impact, the single-dose regimen (though with 

reduced impact) was more attractive because of budgetary reasons. The Jordanian model (134), 

which indeed used a mathematical model similar to the vaccine study in the USA (132) 

demonstrated that the introduction of a universal vaccine program would have an almost 

immediate and substantial impact, with a reduction in the HAV incidence from 900 to <1 case/100 

000 population over the first 5 years of the programme, thus dramatically changing the 

epidemiology of HAV in the country. In Indonesia, an assessment of the impact of vaccinating a 

full calendar year birth cohort on HAV disease in their lifetime showed a 40% further reduction in 

cases from the two-dose regimen (~453 000) compared to a single dose strategy (~322 000), but 

again with few additional deaths avoided. (136). Finally, a model of the impact of universal HAV 

childhood vaccination (vs current policy of targeted vaccination) in Brazil (135) showed 

substantial reductions in morbidity and mortality (around 60%) as well as years of life lost to HAV. 

In addition, the impact was greater for northern than southern parts of Brazil (prevalence is higher 

in the former part of the country).  

Cost effective and economic impact analyses reviewed included 9 studies examining universal 

childhood/adolescent hepatitis A vaccination strategies in a range of contexts and countries, 

including Brazil, Bulgaria, Indonesia, Mexico, Jordan and the United States.(130-136, 140, 141). 

Methodological quality varied across these studies.  

Single dose strategies are consistently more cost effective than 2 dose schedules, even when some 

reduced efficacy was factored into the single dose analysis. Key themes in economic analyses are 

that single-dose schedules were demonstrated to be cost saving in a number of cases, compared to 

two-dose schedules which were shown to be just cost effective. Universal vaccination was more 

effective than targeted or regional programmes. Higher endemicity, lower cost of vaccine and 

longer seroprotection assumptions resulted in improved cost effectiveness. Assumptions of 

coverage varied. 

Our literature review also identified a systematic review on the cost-effectiveness of HAV 

vaccination in middle-income countries between 1998–2013. The review included a quality 

assessment of studies. (137). It identified nine studies from six countries: Argentina (n=2), Brazil 

(n=1), Chile (n=2), China (n=1), Egypt (n=1) and Thailand (n=2). The authors suggested that their 

systematic review indicated that universal hepatitis A vaccination of infants, children and 
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adolescents in MICs is cost-effective in the intermediate-endemic countries and that most of the 

studies confirmed that hepatitis A vaccination was cost effective or even cost saving under certain 

conditions. In sensitivity analysis, the most influential parameters were vaccine price, medical 

costs, incidence of infection and discount rate. The authors concluded that given the relatively 

limited financial resources of many low-middle income countries, implementation of a single-dose 

vaccination could be considered. 

While HAV vaccination was generally cost effective, the local context (HIC versus LMICs) had a 

substantial impact. In one analysis (140), universal vaccination was cost-effective as compared to 

no vaccination; however, in the USA, the cost-effectiveness  fell below the CE threshold of $100 

000/QALY gained, whereas in Rio de Janeiro, Brazil it was around 0.5x GDP or highly cost 

effective. However, results varied across studies, since another analysis that used a dynamic 

transmission model which incorporated the impact of herd immunity (132) demonstrated that a 

universal paediatric hepatitis A immunization programme in the USA would be cost saving. 

In Mexico, a study examined the impact of antibody waning on the cost-effectiveness of single-

dose vs two-dose HAV vaccine regimens (130). While assuming high vaccine efficacy initially, 

the group allowed for waning immunity after two doses at the rate of 0.12% per year for the first 

25 years and 0.62% per year thereafter. For 1-schedule dose assumptions were 97% efficacy 

waning at the rate of 1.62% for 10 years, and then 2.62% thereafter. Based on these assumptions, 

near and intermediate term cost-effectiveness favoured single-dose regimens, while long-time 

horizons (50–75 years) showed the two-dose schedule to be relatively more cost effective. 

5 References 

 

1. Jacobsen KH, Wiersma ST. Hepatitis A virus seroprevalence by age and world region, 

1990 and 2005. Vaccine. 2010;28:6653-7. doi: 10.1016/j.vaccine.2010.08.037. 

2. World Health Organization. Evidence based recommendations for use of hepatitis A 

vaccines in immunization services: background paper for SAGE discussions, WHO 

Strategic Advisory Group of Experts on Immunization. Geneva: World Health 

Organization; 2011. 

3. WHO. WHO position paper on hepatitis A vaccines - June 2012. Wkly Epidemiol Rec. 

2012;87:261–76.  

4. Mohd Hanafiah K, Jacobsen KH, Wiersma ST. Challenges to mapping the health risk of 

hepatitis A virus infection. Int J Health Geogr. 2011;10:57. doi: 10.1186/1476-072X-10-

57. 

5. IHME. Global Burden of Disease Study 2019.  (http://ghdx.healthdata.org/gbd-results-

tool?params=gbd-api-2019-permalink/b438cc82035247f8c3f8673ca6e3b62a, accessed 

15 December 2021). 

6. Gowland P, Fontana S, Niederhauser C, Taleghani BM. Molecular and serologic tracing 

of a transfusion-transmitted hepatitis A virus. Transfusion. 2004;44:1555-61. doi: 

10.1111/j.1537-2995.2004.04071.x. 

7. Cooksley WG. What did we learn from the Shanghai hepatitis A epidemic? J Viral Hepat. 

2000;7 Suppl 1:1-3. doi: 10.1046/j.1365-2893.2000.00021.x. 

8. Kim YJ, Lee HS. Increasing incidence of hepatitis A in Korean adults. Intervirology. 

2010;53:10-4. doi: 10.1159/000252778. 

9. Munne MS, Vladimirsky S, Moreiro R, Ciocca M, Cuarterolo M, Otegui L et al. Molecular 

characterization of hepatitis A virus in children with fulminant hepatic failure in Argentina. 

Liver Int. 2008;28:47-53. doi: 10.1111/j.1478-3231.2007.01634.x. 

10. Santos DC, Martinho JM, Pacheco-Moreira LF, Araujo CC, Oliveira BC, Lago BV et al. 

http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/b438cc82035247f8c3f8673ca6e3b62a
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-permalink/b438cc82035247f8c3f8673ca6e3b62a


SAGE_April2022_hepatitisA_background.docx 

20 

 

 

Fulminant hepatitis failure in adults and children from a Public Hospital in Rio de Janeiro, 

Brazil. Braz J Infect Dis. 2009;13:323-9. doi: 10.1590/S1413-86702009000500002. 

11. Bendre SV, Bavdekar AR, Bhave SA, Pandit AN, Chitambar SD, Arankalle VA. 

Fulminant hepatic failure: etiology, viral markers and outcome. Indian Pediatr. 

1999;36:1107-12.  

12. Erhart LM, Ernst KC. The changing epidemiology of hepatitis A in Arizona following 

intensive immunization programs (1988-2007). Vaccine. 2012;30:6103-10. doi: 

10.1016/j.vaccine.2012.07.029. 

13. Estripeaut D, Contreras R, Tinajeros O, Castrejón MM, Shafi F, Ortega-Barria E et al. 

Impact of Hepatitis A vaccination with a two-dose schedule in Panama: Results of 

epidemiological surveillance and time trend analysis. Vaccine. 2015;33:3200-7. doi: 

10.1016/j.vaccine.2015.04.100. 

14. Levine H, Kopel E, Anis E, Givon-Lavi N, Dagan R. The impact of a national routine 

immunisation programme initiated in 1999 on Hepatitis A incidence in Israel, 1993 to 

2012. Euro Surveill. 2015;20:3-10. doi: 10.2807/1560-7917.es2015.20.7.21040. 

15. Thompson C, Dey A, Fearnley E, Polkinghorne B, Beard F. Impact of the national targeted 

Hepatitis A immunisation program in Australia: 2000-2014. Vaccine. 2017;35:170-6. doi: 

10.1016/j.vaccine.2016.11.002. 

16. Wang H, Gao P, Chen W, Bai S, Lv M, Ji W et al. Changing epidemiological 

characteristics of Hepatitis A and warning of Anti-HAV immunity in Beijing, China: a 

comparison of prevalence from 1990 to 2017. Hum Vaccin Immunother. 2019;15:420-5. 

doi: 10.1080/21645515.2018.1529128. 

17. Brito WI, Souto FJD. Vacinação universal contra hepatite A no Brasil: análise da cobertura 

vacinal e da incidência cinco anos após a implantação do programa. Universal hepatitis A 

vaccination in Brazil: analysis of vaccination coverage and incidence five years after 

program implementation. Rev Bras Epidemiol. 2020;23:e200073. doi: 10.1590/1980-

549720200073. 

18. Chironna M, Prato R, Sallustio A, Martinelli D, Tafuri S, Quarto M et al. Hepatitis A in 

Puglia (South Italy) after 10 years of universal vaccination: need for strict monitoring and 

catch-up vaccination. BMC Infect Dis. 2012;12:271. doi: 10.1186/1471-2334-12-271. 

19. Fangcheng Z, Xuanyi W, Mingding C, Liming J, Jie W, Qi J et al. Era of vaccination 

heralds a decline in incidence of hepatitis A in high-risk groups in China. Hepat Mon. 

2012;12:100-5. doi: 10.5812/hepatmon.838. 

20. Vizzotti C, González J, Gentile A, Rearte A, Ramonet M, Cañero-Velasco MC et al. 

Impact of the single-dose immunization strategy against hepatitis A in Argentina. Pediatr 

Infect Dis J. 2014;33:84-8. doi: 10.1097/inf.0000000000000042. 

21. Wang Z, Chen Y, Xie S, Lv H. Changing Epidemiological Characteristics of Hepatitis A 

in Zhejiang Province, China: Increased Susceptibility in Adults. PLoS One. 

2016;11:e0153804. doi: 10.1371/journal.pone.0153804. 

22. Xiaojin S, Rodewald LE, Guomin Z, Hui Z, Ning M, Fuzhen W et al. Long-term 

seropositivity, safety, and impact of inactivated and live, attenuated hepatitis a vaccines in 

China - A cross-sectional study. Vaccine. 2020;38:8302-9. doi: 

10.1016/j.vaccine.2020.11.019. 

23. Mikhailov MI, Lopatukhina MA, Asadi Mobarhan FA, Ilchenko LY, Kozhanova TV, 

Isaeva OV et al. Universal single-dose vaccination against hepatitis a in children in a 

region of high endemicity. Vaccines. 2020;8:1-11. doi: 10.3390/vaccines8040780. 

24. Lemon SM, Ott JJ, Van Damme P, Shouval D. Type A viral hepatitis: A summary and 

update on the molecular virology, epidemiology, pathogenesis and prevention. J Hepatol. 

2017. doi: 10.1016/j.jhep.2017.08.034. 

25. Feng Z, Hensley L, McKnight KL, Hu F, Madden V, Ping L et al. A pathogenic 

picornavirus acquires an envelope by hijacking cellular membranes. Nature. 

2013;496:367-71. doi: 10.1038/nature12029. 

26. Feng Z, Hirai-Yuki A, McKnight KL, Lemon SM. Naked Viruses That Aren't Always 



SAGE_April2022_hepatitisA_background.docx 

21 

 

 

Naked: Quasi-Enveloped Agents of Acute Hepatitis. Annu Rev Virol. 2014;1:539-60. doi: 

10.1146/annurev-virology-031413-085359. 

27. Bian GL, Ma R, Dong HJ, Ni HX, Hu FJ, Chen YR et al. Long-term clinical observation 

of the immunogenicity of inactivated hepatitis A vaccine in children. Vaccine. 

2010;28:4798-801. doi: 10.1016/j.vaccine.2010.04.096. 

28. Nainan OV, Xia G, Vaughan G, Margolis HS. Diagnosis of hepatitis a virus infection: a 

molecular approach. Clin Microbiol Rev. 2006;19:63-79. doi: 10.1128/cmr.19.1.63-

79.2006. 

29. Martin A, Lemon SM. Hepatitis A virus: from discovery to vaccines. Hepatology. 

2006;43:S164-72. doi: 10.1002/hep.21052. 

30. Maier K, Gabriel P, Koscielniak E, Stierhof YD, Wiedmann KH, Flehmig B et al. Human 

gamma interferon production by cytotoxic T lymphocytes sensitized during hepatitis A 

virus infection. J Virol. 1988;62:3756-63. doi: 10.1128/jvi.62.10.3756-3763.1988. 

31. Vallbracht A, Maier K, Stierhof YD, Wiedmann KH, Flehmig B, Fleischer B. Liver-

derived cytotoxic T cells in hepatitis A virus infection. J Infect Dis. 1989;160:209-17. doi: 

10.1093/infdis/160.2.209. 

32. Hollinger FB, Bell B, Levy-Bruhl D, Shouval D, Wiersma S, Van Damme P. Hepatitis A 

and B vaccination and public health. J Viral Hepat. 2007;14 Suppl 1:1-5. doi: 

10.1111/j.1365-2893.2007.00924.x. 

33. Zamir C, Rishpon S, Zamir D, Leventhal A, Rimon N, Ben-Porath E. Control of a 

community-wide outbreak of hepatitis A by mass vaccination with inactivated hepatitis A 

vaccine. Eur J Clin Microbiol Infect Dis. 2001;20:185-7. doi: 10.1007/s100960100461. 

34. Glikson M, Galun E, Oren R, Tur-Kaspa R, Shouval D. Relapsing hepatitis A. Review of 

14 cases and literature survey. Medicine (Baltimore). 1992;71:14-23. doi: 

10.1097/00005792-199201000-00002. 

35. Sjogren MH, Tanno H, Fay O, Sileoni S, Cohen BD, Burke DS et al. Hepatitis A virus in 

stool during clinical relapse. Ann Intern Med. 1987;106:221-6. doi: 10.7326/0003-4819-

106-2-221. 

36. FB H, JR T. Hepatitis A virus. In: BN F, DM K, PM H, editors. Fields Virology. 

Philadelphia: Lippincott-Raven; 1996:735-82 Third edition. 

37. Ciocca M. Clinical course and consequences of hepatitis A infection. Vaccine. 2000;18 

Suppl 1:S71-4. doi: 10.1016/s0264-410x(99)00470-3. 

38. Elinav E, Ben-Dov IZ, Shapira Y, Daudi N, Adler R, Shouval D et al. Acute hepatitis A 

infection in pregnancy is associated with high rates of gestational complications and 

preterm labor. Gastroenterology. 2006;130:1129-34. doi: 10.1053/j.gastro.2006.01.007. 

39. Groom HC, Smith N, Irving SA, Koppolu P, Vazquez-Benitez G, Kharbanda EO et al. 

Uptake and safety of hepatitis A vaccination during pregnancy: A Vaccine Safety Datalink 

study. Vaccine. 2019;37:6648-55. doi: 10.1016/j.vaccine.2019.09.043. 

40. World Health O. WHO immunological basis for immunization series: module 18: hepatitis 

A. Update 2019 ed. Geneva: World Health Organization; 2019 

(https://apps.who.int/iris/handle/10665/326501. 

41. Lemon SM. Immunologic approaches to assessing the response to inactivated hepatitis A 

vaccine. J Hepatol. 1993;18 Suppl 2:S15-9. doi: 10.1016/s0168-8278(05)80372-1. 

42. Fiore AE, Wasley A, Bell BP. Prevention of hepatitis A through active or passive 

immunization: recommendations of the Advisory Committee on Immunization Practices 

(ACIP). MMWR Recomm Rep. 2006;55:1-23.  

43. WHO. Requirements for Hepatitis A vaccines (inactivated), Annex 2, TRS No 858. 

Geneva: WHO; 1995:858 (https://www.who.int/publications/m/item/hepatitis-a-vaccines-

inactivated-annex-2-trs-no-858, accessed 25 June 2021). 

44. Van Damme P, Van Herck K. A review of the efficacy, immunogenicity and tolerability 

of a combined hepatitis A and B vaccine. Expert Rev Vaccines. 2004;3:249-67. doi: 

10.1586/14760584.3.3.249. 

45. Bovier PA, Farinelli T, Loutan L. Interchangeability and tolerability of a virosomal and an 

https://apps.who.int/iris/handle/10665/326501
https://www.who.int/publications/m/item/hepatitis-a-vaccines-inactivated-annex-2-trs-no-858
https://www.who.int/publications/m/item/hepatitis-a-vaccines-inactivated-annex-2-trs-no-858


SAGE_April2022_hepatitisA_background.docx 

22 

 

 

aluminum-adsorbed hepatitis A vaccine. Vaccine. 2005;23:2424-9. doi: 

10.1016/j.vaccine.2004.11.024. 

46. Ekwall E, Ulgemo A, Watson M, Boisnard F, Thomas S, Goullet F. Interchangeability of 

Hepatitis A boosters, Avaxim and Vaqta, in healthy adults following a primary dose of the 

combined typhoid/Hepatitis A vaccine Viatim. Vaccine. 2006;24:4450-7. doi: 

10.1016/j.vaccine.2005.08.112. 

47. Letson GW, Shapiro CN, Kuehn D, Gardea C, Welty TK, Krause DS et al. Effect of 

maternal antibody on immunogenicity of hepatitis A vaccine in infants. J Pediatr. 

2004;144:327-32. doi: 10.1016/j.jpeds.2003.11.030. 

48. Dagan R, Amir J, Mijalovsky A, Kalmanovitch I, Bar-Yochai A, Thoelen S et al. 

Immunization against hepatitis A in the first year of life: priming despite the presence of 

maternal antibody. Pediatr Infect Dis J. 2000;19:1045-52. doi: 10.1097/00006454-

200011000-00004. 

49. Usonis V, Meriste S, Bakasenas V, Lutsar I, Collard F, Stoffel M et al. Immunogenicity 

and safety of a combined hepatitis A and B vaccine administered concomitantly with either 

a measles-mumps-rubella or a diphtheria-tetanus-acellular pertussis-inactivated 

poliomyelitis vaccine mixed with a Haemophilus influenzae type b conjugate vaccine in 

infants aged 12-18 months. Vaccine. 2005;23:2602-6. doi: 10.1016/j.vaccine.2004.11.062. 

50. Dagan R, Amir J, Livni G, Greenberg D, Abu-Abed J, Guy L et al. Concomitant 

administration of a virosome-adjuvanted hepatitis a vaccine with routine childhood 

vaccines at age twelve to fifteen months: a randomized controlled trial. Pediatr Infect Dis 

J. 2007;26:787-93. doi: 10.1097/INF.0b013e318060acbd. 

51. André FE. Universal mass vaccination against hepatitis A. Curr Top Microbiol Immunol. 

2006;304:95-114. doi: 10.1007/3-540-36583-4_6. 

52. Innis BL, Snitbhan R, Kunasol P, Laorakpongse T, Poopatanakool W, Kozik CA et al. 

Protection against hepatitis A by an inactivated vaccine. Jama. 1994;271:1328-34.  

53. Espul C, Benedetti L, Cuello H, Houillon G, Rasuli A. Persistence of immunity from 1 

year of age after one or two doses of hepatitis A vaccine given to children in Argentina. 

Hepat Med. 2012;4:53-60. doi: 10.2147/hmer.s33847. 

54. Espul C, Cuello H, Lo Castro I, Bravo C, Thollot Y, Voznica J et al. Statistical modeling 

alongside observational data predicts long-term immunogenicity of one dose and two 

doses of pediatric hepatitis A vaccine in the Mendoza province of Argentina. Vaccine. 

2020;38:1715-22. doi: 10.1016/j.vaccine.2019.12.049. 

55. Luo J, Wang X, Ma F, Kang G, Ding Z, Ye C et al. Long-term immunogenicity and 

immune persistence of live attenuated and inactivated hepatitis a vaccines: a report on 

additional observations from a phase IV study. Clin Microbiol Infect. 2019;25:1422-7. doi: 

10.1016/j.cmi.2018.11.005. 

56. Van Herck K, Hens A, De Coster I, Vertruyen A, Tolboom J, Sarnecki M et al. Long-term 

antibody persistence in children after vaccination with the pediatric formulation of an 

aluminum-free virosomal hepatitis A vaccine. Pediatr Infect Dis J. 2015;34:e85-91. doi: 

10.1097/inf.0000000000000616. 

57. Yu C, Song Y, Qi Y, Li C, Jiang Z, Li C et al. Comparison of immunogenicity and 

persistence between inactivated hepatitis A vaccine Healive® and Havrix® among 

children: A 5-year follow-up study. Hum Vaccin Immunother. 2016;12:2595-602. doi: 

10.1080/21645515.2016.1197450. 

58. Zhang Z, Zhu X, Hu Y, Liang M, Sun J, Song Y et al. Five-year antibody persistence in 

children after one dose of inactivated or live attenuated hepatitis A vaccine. Hum Vaccin 

Immunother. 2017;13:1-6. doi: 10.1080/21645515.2016.1278329. 

59. Dagan R, Ashkenazi S, Livni G, Go O, Bagchi P, Sarnecki M. Long-term Serologic 

Follow-up of Children Vaccinated with a Pediatric Formulation of Virosomal Hepatitis A 

Vaccine Administered With Routine Childhood Vaccines at 12-15 Months of Age. Pediatr 

Infect Dis J. 2016;35:e220-8. doi: 10.1097/inf.0000000000001176. 

60. Lopez EL, Contrini MM, Mistchenko A, Kieffer A, Baggaley RF, Di Tanna GL et al. 



SAGE_April2022_hepatitisA_background.docx 

23 

 

 

Modeling the long-term persistence of hepatitis A antibody after a two-dose vaccination 

schedule in Argentinean children. Pediatr Infect Dis J. 2015;34:417-25. doi: 

10.1097/INF.0000000000000605. 

61. Mayorga O, Bühler S, Jaeger VK, Bally S, Hatz C, Frösner G et al. Single-Dose Hepatitis 

A Immunization: 7.5-Year Observational Pilot Study in Nicaraguan Children to Assess 

Protective Effectiveness and Humoral Immune Memory Response. J Infect Dis. 

2016;214:1498-506. doi: 10.1093/infdis/jiw411. 

62. Mosites E, Gounder P, Snowball M, Morris J, Spradling P, Nelson N et al. Hepatitis A 

vaccine immune response 22 years after vaccination. J Med Virol. 2018;90:1418-22. doi: 

10.1002/jmv.25197. 

63. Ramaswamy M, Bruden D, Nolen LD, Mosites E, Snowball M, Nelson NP et al. Hepatitis 

A vaccine immunogenicity 25 years after vaccination in Alaska. Journal of Medical 

Virology. 2020. doi: 10.1002/jmv.26327. 

64. Spradling PR, Bulkow LR, Negus SE, Homan C, Bruce MG, McMahon BJ. Persistence of 

seropositivity among persons vaccinated for hepatitis A during infancy by maternal 

antibody status: 15-year follow-up. Hepatology (Baltimore, Md). 2016;63:703‐11. doi: 

10.1002/hep.28375. 

65. Wang Y, Qi Y, Xu W, Hu Y, Wang L, Yu Y et al. Immunogenicity persistence in children 

of hepatitis A vaccines Healive® and Havrix®: 11 years follow-up and long-term 

prediction. Hum Vaccin Immunother. 2020:1-6. doi: 10.1080/21645515.2020.1715687. 

66. Peach D, McMahon BJ, Bulkow L, Funk E, Harpaz R, Margolis HS. Impact of recurrent 

epidemics of hepatitis a virus infection on population immunity levels: Bristol Bay, 

Alaska. J Infect Dis. 2002;186:1081-5. doi: 10.1086/343815. 

67. Shaw FE, Jr., Shapiro CN, Welty TK, Dill W, Reddington J, Hadler SC. Hepatitis 

transmission among the Sioux Indians of South Dakota. Am J Public Health. 

1990;80:1091-4.  

68. Cengiz C, Turhan N, Yolcu OF, Yilmaz S. Hepatitis associated with aplastic anemia: do 

CD8(+) kupffer cells have a role in the pathogenesis? Dig Dis Sci. 2007;52:2438-43. doi: 

10.1007/s10620-006-9280-4. 

69. Centers for Disease Control and Prevention. Surveillance for Viral Hepatitis–United 

States, 2014.: United States Centers for Disease Control and Prevention; 2014 ( 

70. Centers for Disease Control and Prevention. Viral Hepatitis Surveillance –United States, 

2018. Published July 2020. United States Centers for Disease Control and Prevention; 

2020 (https://www.cdc.gov/hepatitis/statistics/SurveillanceRpts.htm. 

71. Wang H, Chen W, J W. Changing epidemiological characteristics of hepatitis a from 1999 

to 2018 and warning of anti-HAV immunity in Beijing, China. In: Hepatology. 2019:70 

(https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02120214/full#, 

accessed 2 February 2022). 

72. Vizzotti C, González J, Gentile A, Rearte A, Ramonet M, Cañero-Velasco MC et al. 

Impact of the Single-dose Immunization Strategy Against Hepatitis A in Argentina. 

Pediatric Infectious Disease Journal. 2014;33:84-8. doi: 10.1097/inf.0000000000000042. 

73. Mayorga Perez O, Herzog C, Zellmeyer M, Loaisiga A, Frosner G, Egger M. Efficacy of 

virosome hepatitis A vaccine in young children in Nicaragua: randomized placebo-

controlled trial. J Infect Dis. 2003;188:671-7. doi: 10.1086/377309. 

74. SAGE W. Meeting of the Strategic Advisory Group of Experts on Immunization, 

November 2011- conclusions and recommendations.   . Weekly Epidiologic Rev. 

2012;87:1-16.  

75. Ott JJ, Irving G, Wiersma ST. Long-term protective effects of hepatitis A vaccines. A 

systematic review. Vaccine. 2012;31:3-11. doi: 10.1016/j.vaccine.2012.04.104. 

76. Urueña A, González J, Carrega MEP, Rearte A, Uboldi A, Calli R et al. Single-Dose 

Universal Hepatitis A Immunization in 1-Year-Old Infants in Argentina: High Prevalence 

of Protective Antibodies up to 11 Years Following Vaccination. Open Forum Infectious 

Diseases. 2017;4:S320-S. doi: 10.1093/ofid/ofx163.753. 

https://www.cdc.gov/hepatitis/statistics/SurveillanceRpts.htm
https://www.cochranelibrary.com/central/doi/10.1002/central/CN-02120214/full


SAGE_April2022_hepatitisA_background.docx 

24 

 

 

77. Werzberger A, Mensch B, Kuter B, Brown L, Lewis J, Sitrin R et al. A controlled trial of 

a formalin-inactivated hepatitis A vaccine in healthy children. N Engl J Med. 

1992;327:453-7. doi: 10.1056/nejm199208133270702. 

78. Victor JC, Monto AS, Surdina TY, Suleimenova SZ, Vaughan G, Nainan OV et al. 

Hepatitis A vaccine versus immune globulin for postexposure prophylaxis. N Engl J Med. 

2007;357:1685-94. doi: 10.1056/NEJMoa070546. 

79. CDC. GRADE Hepatitis A vaccine for post-exposure prophylaxis in adults >40 years of 

age.  (https://www.cdc.gov/vaccines/acip/recs/grade/hav-grade-tables.html, accessed 14 

December 2021). 

80. Link-Gelles R, Hofmeister MG, Nelson NP. Use of hepatitis A vaccine for post-exposure 

prophylaxis in individuals over 40 years of age: A systematic review of published studies 

and recommendations for vaccine use. Vaccine. 2018;36:2745-50. doi: 

10.1016/j.vaccine.2018.04.015. 

81. Nelson NP, Murphy TV, McMahon BJ. Hepatitis A vaccination for post-exposure 

prophylaxis in persons aged 40 years and older. Vaccine. 2014;32:2939. doi: 

10.1016/j.vaccine.2014.01.086. 

82. Williams J, Fox-Leyva L, Christensen C, Fisher D, Schlicting E, Snowball M et al. 

Hepatitis A vaccine administration: comparison between jet-injector and needle injection. 

Vaccine. 2000;18:1939-43. doi: 10.1016/s0264-410x(99)00446-6. 

83. Tejada-Strop A, Costafreda MI, Dimitrova Z, Kaplan GG, Teo CG. Evaluation of 

Potencies of Immune Globulin Products Against Hepatitis A. In: JAMA Intern Med. 

United States2017: 177:430-2. 

84. Nelson NP. Updated Dosing Instructions for Immune Globulin (Human) GamaSTAN S/D 

for Hepatitis A Virus Prophylaxis. MMWR Morb Mortal Wkly Rep. 2017;66:959-60. doi: 

10.15585/mmwr.mm6636a5. 

85. Shouval D, Ashur Y, Adler R, Lewis JA, Miller W, Kuter B et al. Safety, tolerability, and 

immunogenicity of an inactivated hepatitis A vaccine: effects of single and booster 

injections, and comparison to administration of immune globulin. J Hepatol. 1993;18 

Suppl 2:S32-7. doi: 10.1016/s0168-8278(05)80375-7. 

86. Raczniak GA, Thomas TK, Bulkow LR, Negus SE, Zanis CL, Bruce MG et al. Duration 

of protection against hepatitis A for the current two-dose vaccine compared to a three-dose 

vaccine schedule in children. Vaccine. 2013;31:2152-5. doi: 

10.1016/j.vaccine.2013.02.048. 

87. Van Herck K, Jacquet JM, Van Damme P. Antibody persistence and immune memory in 

healthy adults following vaccination with a two-dose inactivated hepatitis A vaccine: long-

term follow-up at 15 years. J Med Virol. 2011;83:1885-91. doi: 10.1002/jmv.22200. 

88. Mosites E, Seeman S, Negus S, Homan C, Morris J, Nelson NP et al. Immunogenicity of 

the hepatitis A vaccine 20 years after infant immunization. Vaccine. 2020;38:4940-3. doi: 

https://doi.org/10.1016/j.vaccine.2020.05.069. 

89. Agrawal A, Kolhapure S, Andani A, Ota MOC, Badur S, Karkada N et al. Long-Term 

Persistence of Antibody Response with Two Doses of Inactivated Hepatitis A Vaccine in 

Children. Infectious Diseases and Therapy. 2020;9:785-96. doi: 10.1007/s40121-020-

00311-8. 

90. Yu YP, Chen JT, Jiang ZW, Wang L, Yu CK, Yan XY et al. Modeling the Long-term 

Antibody Response and Duration of Immune Protection Induced by an Inactivated, 

Preservative-free Hepatitis A Vaccine (Healive) in Children. Biomed Environ Sci. 

2020;33:484-92. doi: 10.3967/bes2020.065. 

91. Urueña A, Badano M, González JE, Bare P, Fink S, Vizzotti C. Humoral and cellular 

immune memory response 12 years after single dose vaccination against hepatitis a in 

Argentinian children. Virtual 2021. 

92. Urueña A, Badano MN, Baré P, González J, Vicentín R, Calli AR et al. Humoral and 

cellular immune memory response 12 years following single dose vaccination against 

hepatitis A in Argentinian children. Vaccine. 2021. doi: 10.1016/j.vaccine.2021.11.037. 

https://www.cdc.gov/vaccines/acip/recs/grade/hav-grade-tables.html
https://doi.org/10.1016/j.vaccine.2020.05.069


SAGE_April2022_hepatitisA_background.docx 

25 

 

 

93. Demicheli V, Tiberti D. The effectiveness and safety of hepatitis A vaccine: a systematic 

review. Vaccine. 2003;21:2242-5. doi: 10.1016/s0264-410x(03)00135-x. 

94. Black S, Shinefield H, Hansen J, Lewis E, Su L, Coplan P. A post-licensure evaluation of 

the safety of inactivated hepatitis A vaccine (VAQTA, Merck) in children and adults. 

Vaccine. 2004;22:766-72. doi: 10.1016/j.vaccine.2003.08.034. 

95. Nelson NP, Weng MK, Hofmeister MG, Moore KL, Doshani M, Kamili S et al. Prevention 

of Hepatitis A Virus Infection in the United States: Recommendations of the Advisory 

Committee on Immunization Practices, 2020. MMWR Recomm Rep. 2020;69:1-38. doi: 

10.15585/mmwr.rr6905a1. 

96. Irving GJ, Holden J, Yang R, Pope D. Hepatitis A immunisation in persons not previously 

exposed to hepatitis A. Cochrane Database Syst Rev. 2012;2012:Cd009051. doi: 

10.1002/14651858.CD009051.pub2. 

97. Shi N, Rasuli A, Thollot Y. Safety of two doses of an inactivated hepatitis a vaccine given 

6 months apart in healthy toddlers, children, and adolescents aged 12 months to 15 years 

in China: a phase IV study. Hum Vaccin Immunother. 2019;15:748-54. doi: 

10.1080/21645515.2018.1539600. 

98. Jiang R, Yin Q, XU M, Zhao Z, Deng Y, Ning R et al. Adverse Events Induced by 

Immunization of Concomitant Inoculation of Freeze-dried Hepatitis A (Live) Vaccine with 

Vaccines for National Immunization Program from Surveillance Data. Chinese Journal of 

Pharmacovigilance. 2020;17:5. doi: 10.19803/j.1672-8629.2020.10.13. 

99. Zhu Q, Wu C, Shao X, Liang J, Sun L, Liang W et al. Study on Immunity Effect of Single 

and Simultaneous Vaccination of Live Attenuated Hepatitis A Vaccine and MMR 

Combined with Live Attenuated Vaccine for Children 18-23 Months Old Immunogenicity 

of hepatitis A attenuated live vaccine, and measles, rubella and mumps combined 

attenuated live vaccine for standalone and simultaneous vaccination in 18-23-month-old 

children. Chinese Journal of Vaccines and Immunization. 2019;25:5.  

100. Wang XY, Xu ZY, Ma JC, von Seidlein L, Zhang Y, Hao ZY et al. Long-term 

immunogenicity after single and booster dose of a live attenuated hepatitis A vaccine: 

results from 8-year follow-up. Vaccine. 2007;25:446-9. doi: 

10.1016/j.vaccine.2006.08.004. 

101. Zhao YL, Meng ZD, Xu ZY, Guo JJ, Chai SA, Duo CG et al. H2 strain attenuated live 

hepatitis A vaccines:protective efficacy in a hepatitis A outbreak. World J Gastroenterol. 

2000;6:829-32. doi: 10.3748/wjg.v6.i6.829. 

102. Mao JS, Chai SA, Xie RY, Chen NL, Jiang Q, Zhu XZ et al. Further evaluation of the 

safety and protective efficacy of live attenuated hepatitis A vaccine (H2-strain) in humans. 

Vaccine. 1997;15:944-7. doi: 10.1016/s0264-410x(96)00304-0. 

103. Sun X, Wang F, Zheng H, Miao N, Yuan Q, Cui F et al. The impact of expanded program 

on immunization with live attenuated and inactivated Hepatitis A vaccines in China, 2004-

2016. Vaccine. 2018;36:1279-84. doi: 10.1016/j.vaccine.2018.01.043. 

104. Bhave S, Sapru A, Bavdekar A, Jain R, Debnath K, Kapatkar V. Long term 

Immunogenicity of Single Dose of Live Attenuated Hepatitis A Vaccine in Indian Children 

- Results of 15-year Follow-up. Indian Pediatr. 2021.  

105. Chen Y, Zhou CL, Zhang XJ, Hao ZY, Zhang YH, Wang SM et al. Immune memory at 

17-years of follow-up of a single dose of live attenuated hepatitis A vaccine. Vaccine. 

2018;36:114-21. doi: 10.1016/j.vaccine.2017.11.036. 

106. Mitra M, Shah N, Faridi M, Ghosh A, Sankaranarayanan VS, Aggarwal A et al. Long term 

follow-up study to evaluate immunogenicity and safety of a single dose of live attenuated 

hepatitis a vaccine in children. Hum Vaccin Immunother. 2015;11:1147-52. doi: 

10.4161/21645515.2014.979646. 

107. Cotter SM, Sansom S, Long T, Koch E, Kellerman S, Smith F et al. Outbreak of hepatitis 

A among men who have sex with men: implications for hepatitis A vaccination strategies. 

J Infect Dis. 2003;187:1235-40. doi: 10.1086/374057. 

108. Sfetcu O, Irvine N, Ngui SL, Emerson C, McCaughey C, Donaghy P. Hepatitis A outbreak 



SAGE_April2022_hepatitisA_background.docx 

26 

 

 

predominantly affecting men who have sex with men in Northern Ireland, October 2008 

to July 2009. Euro Surveill. 2011;16.  

109. Tortajada C, de Olalla PG, Diez E, Pinto RM, Bosch A, Perez U et al. Hepatitis A among 

men who have sex with men in Barcelona, 1989-2010: insufficient control and need for 

new approaches. BMC Infect Dis. 2012;12:11. doi: 10.1186/1471-2334-12-11. 

110. Ndumbi P, Freidl GS, Williams CJ, Mardh O, Varela C, Avellon A et al. Hepatitis A 

outbreak disproportionately affecting men who have sex with men (MSM) in the European 

Union and European Economic Area, June 2016 to May 2017. Euro Surveill. 2018;23. doi: 

10.2807/1560-7917.ES.2018.23.33.1700641. 

111. Foster M, Ramachandran S, Myatt K, Donovan D, Bohm S, Fiedler J et al. Hepatitis A 

Virus Outbreaks Associated with Drug Use and Homelessness - California, Kentucky, 

Michigan, and Utah, 2017. MMWR Morb Mortal Wkly Rep. 2018;67:1208-10. doi: 

10.15585/mmwr.mm6743a3. 

112. Fiore AE. Hepatitis A transmitted by food. Clin Infect Dis. 2004;38:705-15. doi: 

10.1086/381671. 

113. Cieśla A, Bociąga-Jasik M, Sieklucki J, Pleśniak R. Epidemiological investigation on 

hepatitis A virus infection outbreak in the area of Rzeszow city during the years 2017/18. 

Clin Exp Hepatol. 2020;6:321-6. doi: 10.5114/ceh.2020.102176. 

114. Meltzer MI, Shapiro CN, Mast EE, Arcari C. The economics of vaccinating restaurant 

workers against hepatitis A. Vaccine. 2001;19:2138-45. doi: 10.1016/s0264-

410x(00)00396-0. 

115. Hofmeister MG, Foster MA, Montgomery MP, Gupta N. Notes from the Field: Assessing 

the Role of Food Handlers in Hepatitis A Virus Transmission - Multiple States, 2016-2019. 

MMWR Morb Mortal Wkly Rep. 2020;69:636-7. doi: 10.15585/mmwr.mm6920a4. 

116. Garcia Garrido HM, Wieten RW, Grobusch MP, Goorhuis A. Response to Hepatitis A 

Vaccination in Immunocompromised Travelers. J Infect Dis. 2015;212:378-85. doi: 

10.1093/infdis/jiv060. 

117. Godoi ER, de Souza VA, Cakmak S, Machado AF, Vilas Boas LS, Machado CM. Loss of 

hepatitis A virus antibodies after bone marrow transplantation. Bone Marrow Transplant. 

2006;38:37-40. doi: 10.1038/sj.bmt.1705391. 

118. Günther M, Stark K, Neuhaus R, Reinke P, Schröder K, Bienzle U. Rapid decline of 

antibodies after hepatitis A immunization in liver and renal transplant recipients. 

Transplantation. 2001;71:477-9. doi: 10.1097/00007890-200102150-00023. 

119. Smallwood GA, Coloura CT, Martinez E, Stieber AC, Heffron TG. Can patients awaiting 

liver transplantation elicit an immune response to the hepatitis A vaccine? Transplant Proc. 

2002;34:3289-90. doi: 10.1016/s0041-1345(02)03572-8. 

120. Majda-Stanislawska E, Bednarek M, Kuydowicz J. Immunogenicity of inactivated 

hepatitis A vaccine in children with chronic liver disease. Pediatr Infect Dis J. 

2004;23:571-4. doi: 10.1097/01.inf.0000130076.33497.6c. 

121. Wallace MR, Brandt CJ, Earhart KC, Kuter BJ, Grosso AD, Lakkis H et al. Safety and 

immunogenicity of an inactivated hepatitis A vaccine among HIV-infected subjects. Clin 

Infect Dis. 2004;39:1207-13. doi: 10.1086/424666. 

122. Mena G, García-Basteiro AL, Llupià A, Díez C, Costa J, Gatell JM et al. Factors associated 

with the immune response to hepatitis A vaccination in HIV-infected patients in the era of 

highly active antiretroviral therapy. Vaccine. 2013;31:3668-74. doi: 

10.1016/j.vaccine.2013.06.012. 

123. Overton ET, Nurutdinova D, Sungkanuparph S, Seyfried W, Groger RK, Powderly WG. 

Predictors of immunity after hepatitis A vaccination in HIV-infected persons. J Viral 

Hepat. 2007;14:189-93. doi: 10.1111/j.1365-2893.2006.00822.x. 

124. Crum-Cianflone NF, Wilkins K, Lee AW, Grosso A, Landrum ML, Weintrob A et al. 

Long-term durability of immune responses after hepatitis A vaccination among HIV-

infected adults. J Infect Dis. 2011;203:1815-23. doi: 10.1093/infdis/jir180. 

125. Lin KY, Chen GJ, Lee YL, Huang YC, Cheng A, Sun HY et al. Hepatitis A virus infection 



SAGE_April2022_hepatitisA_background.docx 

27 

 

 

and hepatitis A vaccination in human immunodeficiency virus-positive patients: A review. 

World J Gastroenterol. 2017;23:3589-606. doi: 10.3748/wjg.v23.i20.3589. 

126. D'Acremont V, Herzog C, Genton B. Immunogenicity and safety of a virosomal hepatitis 

A vaccine (Epaxal) in the elderly. J Travel Med. 2006;13:78-83. doi: 10.1111/j.1708-

8305.2006.00001.x. 

127. Fritzsche C, Loebermann M, Reisinger EC. A case of acute hepatitis A infection in an 

HIV-positive patient despite complete hepatitis A vaccination. Infection. 2018;46:565-7. 

doi: 10.1007/s15010-018-1129-1. 

128. Vestergaard HT, Harritshøj LH, Midgley SE, Ullum H, Kampmann P. Transfusion 

transmission of hepatitis A virus with fecal shedding in a previously hepatitis A vaccinated 

recipient. J Infect Chemother. 2018;24:766-8. doi: 10.1016/j.jiac.2018.01.020. 

129. Ayouni K, Naffeti B, Ben Aribi W, Bettaieb J, Hammami W, Ben Salah A et al. Hepatitis 

a virus infection in Central-West Tunisia: an age structured model of transmission and 

vaccination impact. BMC Infect Dis. 2020;20:627. doi: 10.1186/s12879-020-05318-7. 

130. Carlos F, Gómez JA, Anaya P, Romano-Mazzotti L. Health economic assessment of 

universal immunization of toddlers against Hepatitis A Virus (HAV) in Mexico. Human 

vaccines & immunotherapeutics. 2016;12:52-63. doi: 10.1080/21645515.2015.1065362. 

131. Curran D, de Ridder M, Van Effelterre T. The impact of assumptions regarding vaccine-

induced immunity on the public health and cost-effectiveness of hepatitis A vaccination: 

Is one dose sufficient? Hum Vaccin Immunother. 2016;12:2765-71. doi: 

10.1080/21645515.2016.1203495. 

132. Dhankhar P, Nwankwo C, Pillsbury M, Lauschke A, Goveia MG, Acosta CJ et al. Public 

Health Impact and Cost-Effectiveness of Hepatitis A Vaccination in the United States: A 

Disease Transmission Dynamic Modeling Approach. Value Health. 2015;18:358-67. doi: 

10.1016/j.jval.2015.02.004. 

133. Hankin-Wei A, Rein DB, Hernandez-Romieu A, Kennedy MJ, Bulkow L, Rosenberg E et 

al. Cost-effectiveness analysis of catch-up hepatitis A vaccination among 

unvaccinated/partially-vaccinated children. Vaccine. 2016;34:4243-9. doi: 

10.1016/j.vaccine.2016.06.040. 

134. Hayajneh WA, Daniels VJ, James CK, Kanıbir MN, Pilsbury M, Marks M et al. Public 

health impact and cost effectiveness of routine childhood vaccination for hepatitis a in 

Jordan: a dynamic model approach. BMC Infect Dis. 2018;18:119. doi: 10.1186/s12879-

018-3034-8. 

135. Sartori AM, de Soárez PC, Novaes HM, Amaku M, de Azevedo RS, Moreira RC et al. 

Cost-effectiveness analysis of universal childhood hepatitis A vaccination in Brazil: 

regional analyses according to the endemic context. Vaccine. 2012;30:7489-97. doi: 

10.1016/j.vaccine.2012.10.056. 

136. Suwantika AA, Beutels P, Postma MJ. Cost-effectiveness of hepatitis A vaccination in 

Indonesia. Hum Vaccin Immunother. 2014;10:2342-9. doi: 10.4161/hv.29353. 

137. Suwantika AA, Yegenoglu S, Riewpaiboon A, Tu HA, Postma MJ. Economic evaluations 

of hepatitis A vaccination in middle-income countries. Expert Rev Vaccines. 

2013;12:1479-94. doi: 10.1586/14760584.2013.851008. 

138. Van Effelterre T, De Antonio-Suarez R, Cassidy A, Romano-Mazzotti L, Marano C. 

Model-based projections of the population-level impact of hepatitis A vaccination in 

Mexico. Hum Vaccin Immunother. 2012;8:1099-108. doi: 10.4161/hv.20549. 

139. Elbasha EH, Choi Y, Daniels V, Goveia MG. Cost-effectiveness of routine catch-up 

hepatitis a vaccination in the United States: Dynamic transmission modeling study. 

Vaccine. 2021;39:6315-21. doi: 10.1016/j.vaccine.2021.08.087. 

140. Ghildayal N. Cost-effectiveness of Hepatitis A vaccination in a developed and developing 

country. Int J Health Care Qual Assur. 2019;32:1175-99. doi: 10.1108/ijhcqa-05-2019-

0096. 

141. Dimitrova M, Petrova G, Tachkov K, Bozhkova MK, Kamusheva M, Mitov K. Economic 

consequences of the vaccination against hepatitis A in the Bulgarian healthcare setting. 



SAGE_April2022_hepatitisA_background.docx 

28 

 

 

Biotechnol Biotechnol Equip. 2014;28:366-71. doi: 10.1080/13102818.2014.909654. 

 

 


