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A B S T R A C T

Background

In many parts of the world, hepatitis A infection represents a significant cause of morbidity and socio-economic loss. Whilst hepatitis A
vaccines have the potential to prevent disease, the degree of protection afforded against clinical outcomes and within different popula-
tions remains uncertain. There are two types of hepatitis A virus (HAV) vaccine, inactivated and live attenuated. It is important to determine
the efficacy and safety for both vaccine types.

Objectives

To determine the clinical protective efficacy, sero-protective efficacy, and safety and harms of hepatitis A vaccination in persons not pre-
viously exposed to hepatitis A.

Search methods

We searched The Cochrane Hepato-Biliary Group Controlled Trials Register, The Cochrane Central Register of Controlled Trials (CENTRAL)
in The Cochrane Library, MEDLINE, EMBASE, Science Citation Index Expanded, and China National Knowledge Infrastructure (CNKI) up to
November 2011.

Selection criteria

Randomised clinical trials comparing HAV vaccine with placebo, no intervention, or appropriate control vaccines in participants of all ages.

Data collection and analysis

Data extraction and risk of bias assessment were undertaken by two authors and verified by a third author. Where required, authors con-
tacted investigators to obtain missing data. The primary outcome was the occurrence of clinically apparent hepatitis A (infectious hepati-
tis). The secondary outcomes were lack of sero-protective anti-HAV immunoglobulin G (IgG), and number and types of adverse events. Re-
sults were presented as relative risks (RR) with 95% confidence intervals (CI). Dichotomous outcomes were reported as risk ratio (RR) with
95% confidence interval (CI), using intention-to-treat analysis. We conducted assessment of risk of bias to evaluate the risk of systematic
errors (bias) and trial sequential analyses to estimate the risk of random errors (the play of chance).

Main results

We included a total of 11 clinical studies, of which only three were considered to have low risk of bias; two were quasi-randomised studies in
which we only addressed harms. Nine randomised trials with 732,380 participants addressed the primary outcome of clinically confirmed
hepatitis A. Of these, four trials assessed the inactivated hepatitis A vaccine (41,690 participants) and five trials assessed the live attenuated
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hepatitis A vaccine (690,690 participants). In the three randomised trials with low risk of bias (all assessing inactivated vaccine), clinically
apparent hepatitis A occurred in 9/20,684 (0.04%) versus 92/20,746 (0.44%) participants in the HAV vaccine and control groups respectively
(RR 0.09, 95% CI 0.03 to 0.30). In all nine randomised trials, clinically apparent hepatitis A occurred in 31/375,726 (0.01%) versus 505/356,654
(0.18%) participants in the HAV vaccine and control groups respectively (RR 0.09, 95% CI 0.05 to 0.17). These results were supported by trial
sequential analyses. Subgroup analyses confirmed the clinical effectiveness of both inactivated hepatitis A vaccines (RR 0.09, 95% CI 0.03
to 0.30) and live attenuated hepatitis A vaccines (RR 0.07, 95% CI 0.03 to 0.17) on clinically confirmed hepatitis A. Inactivated hepatitis A
vaccines had a significant effect on reducing the lack of sero-protection (less than 20 mIU/L) (RR 0.01, 95% CI 0.00 to 0.03). No trial reported
on a sero-protective threshold less than 10 mIU/L. The risk of both non-serious local and systemic adverse events was comparable to
placebo for the inactivated HAV vaccines. There were insufficient data to draw conclusions on adverse events for the live attenuated HAV
vaccine.

Authors' conclusions

Hepatitis A vaccines are effective for pre-exposure prophylaxis of hepatitis A in susceptible individuals. This review demonstrated signifi-
cant protection for at least two years with the inactivated HAV vaccine and at least five years with the live attenuated HAV vaccine. There
was evidence to support the safety of the inactivated hepatitis A vaccine. More high quality evidence is required to determine the safety
of live attenuated vaccines.

P L A I N   L A N G U A G E   S U M M A R Y

Hepatitis A immunisation in persons not previously exposed to hepatitis A

Hepatitis A is a common, contagious viral disease in many low-income countries. It is estimated that world wide, around 1.5 million people
are affected each year. The hepatitis A virus is limited to man and several species of non-human primates. It is transmitted primarily by
faecal-oral spread from person to person, or through ingestion of contaminated food or water. Since 1995, hepatitis A vaccines have been
used to prevent hepatitis A in people not yet exposed to the hepatitis A virus. Only three of the included trials were considered to be at low
risk of bias; that is, free from overestimation of benefits and underestimation of harm due to systemic errors. In persons not previously
exposed to hepatitis A infection, hepatitis A vaccination with inactivated or live attenuated hepatitis A vaccines had a clear effect on re-
ducing the risk of developing clinically apparent hepatitis A. The review also found that hepatitis A vaccines significantly reduce the risk
of lacking protective antibodies against hepatitis A. The inactivated vaccine appears to be relatively safe. There were insufficient data to
draw any conclusions on production of protective antibodies and adverse events for live attenuated vaccines.
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Summary of findings for the main comparison.   Hepatitis A vaccines for preventing clinical hepatitis A in those not previously exposed

Hepatitis A vaccines for preventing hepatitis A in those not previously exposed

Patient or population: patients with preventing hepatitis A. 
Settings: pre-exposure. 
Intervention: hepatitis A vaccines.

Illustrative comparative risks*
(95% CI)

Assumed risk Corresponding
risk

Outcomes

Control Hepatitis A
vaccines

Relative ef-
fect 
(95% CI)

Number of
participants 
(trials)

Quality of the
evidence 
(GRADE)

Comment

Clinically apparent hepatitis A (low risk of bias trials) 
Dienstag 1999 
Follow-up: 12 to 17 months

4 per 1000 4 per 1000 
(0 to 1)

RR 0.09 
(0.03 to 0.30)

41430 
(3 studies)

⊕⊕⊕⊕ 
high

 

Clinically apparent hepatitis A (all included trials) 
Dienstag 1999 
Follow-up: 1 to 60 months

1 per 1000 0 per 1000 
(0 to 0)

RR 0.09 
(0.05 to 0.17)

732380 
(9 studies)

⊕⊝⊝⊝ 
very low

 

Clinically apparent hepatitis A (inactivated HAV vaccines) low
risk of bias trials 
Dienstag 1999 
Follow-up: 12 to 17 months

4 per 1000 0 per 1000 
(0 to 1)

RR 0.09 
(0.03 to 0.30)

41430 
(3 studies)

⊕⊕⊕⊕ 
high

 

Clinically apparent hepatitis A (inactivated HAV vaccines) all
included trials 
Dienstag 1999 
Follow-up: 12 to 17 months

5 per 1000 1 per 1000 
(0 to 1)

RR 0.12 
(0.05 to 0.31)

41690 
(4 studies)

⊕⊕⊝⊝ 
low

 

Clinically apparent hepatitis A (live attenuated HAV vaccines)
low risk of bias 
Dienstag 1999

See com-
ments

See comments       No included
inactivated
HAV vaccine
study was at
low risk of
bias.
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Clinically apparent hepatitis A (live attenuated HAV vaccines)
all included trials 
Dienstag 1999 
Follow-up: 1 to 60 months

1 per 1000 0 per 1000 
(0 to 0)

RR 0.07 
(0.03 to 0.17)

690690 
(5 studies)

⊕⊝⊝⊝ 
very low

 

Clinically apparent hepatitis A (Dose of live attenuated HAV
vaccine, titre >= TCID50 ) low risk of bias 
Dienstag 1999

See comment See comment       No included
inactivated
HAV vaccine
study was at
low risk of
bias.

Clinically apparent hepatitis A (Dose of live attenuated HAV
vaccine, titre >= TCID50 ) all included trials 
Dienstag 1999 
Follow-up: 24 to 60 months

9 per 1000 0 per 1000 
(0 to 1)

RR 0.03 
(0.02 to 0.06)

62270 
(2 studies)

⊕⊝⊝⊝ 
very low

 

Clinically apparent hepatitis A (Dose of live attenuated HAV
vaccine, titre < TCID50 ) low risk of bias 
Dienstag 1999

See comment See comment       No included
inactivated
HAV vaccine
study was at
low risk of
bias.

Clinically apparent hepatitis A (Dose of live attenuated HAV
vaccine, titre < TCID50 ) all included trials 
Dienstag 1999 
Follow-up: 1 to 36 months

0 per 1000 0 per 1000 
(0 to 0)

RR 0.11 
(0.05 to 0.26)

628420 
(3 studies)

⊕⊝⊝⊝ 
very low

 

Clinically apparent hepatitis A (low endemicity) low risk of
bias 
Dienstag 1999 
Follow-up: 12 months

71 per 1000 14 per 1000 
(6 to 31)

RR 0.19 
(0.08 to 0.42)

1037 
(1 study)

⊕⊕⊕⊕ 
high

 

Clinically apparent hepatitis A (low endemicity) all included
trials 
Dienstag 1999 
Follow-up: 12 months

71 per 1000 14 per 1000 
(6 to 30)

RR 0.19 
(0.08 to 0.42)

1037 
(1 study)

⊕⊕⊕⊕ 
high

 

Clinically apparent hepatitis A (high endemicity) low risk of
bias 
Dienstag 1999 
Follow-up: 15 to 17 months

3 per 1000 0 per 1000 
(0 to 0)

RR 0.05 
(0.01 to 0.17)

40393 
(2 studies)

⊕⊕⊕⊕ 
high
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Clinically apparent hepatitis A (high endemicity) all included
trials 
Dienstag 1999 
Follow-up: 1 to 60 months

1 per 1000 1 per 1000 
(0 to 0)

RR 0.08 
(0.04 to 0.15)

731343 
(8 studies)

⊕⊝⊝⊝ 
very low

 

Clinically apparent hepatitis A (single dose regimen) low risk
of bias 
Dienstag 1999 
Follow-up: 15 months

124 per 1000 4 per 1000 
(0 to 58)

RR 0.03 
(0 to 0.47)

274 
(1 study)

⊕⊕⊕⊕ 
high

 

Clinically apparent hepatitis A (single dose regimen) all in-
cluded studies

Dienstag 1999 
Follow-up: 1 to 60 months

1 per 1000 0 per 1000 
(0 to 0)

RR 0.07 
(0.03 to 0.15)

690707 
(6 studies)

⊕⊝⊝⊝ 
very low

 

Clinically apparent hepatitis A (multiple doses) low risk of
bias 
Dienstag 1999 
Follow-up: 12 to 17 months

4 per 1000 0 per 1000 
(0 to 1)

RR 0.11 
(0.03 to 0.40)

41156 
(2 studies)

⊕⊕⊕⊕ 
high

 

Clinically apparent hepatitis A (multiple doses) all included
trials

Dienstag 1999 
Follow-up: 12 to 17 months

4 per 1000 1 per 1000 
(0 to 1)

RR 0.14 
(0.05 to 0.37)

41416 
(3 studies)

⊕⊕⊕⊝ 
moderate

 

Clinically apparent hepatitis A (follow-up duration 1 to 12
months) low risk of bias 
Dienstag 1999 
Follow-up: 12 months

71 per 1000 14 per 1000 
(6 to 30)

RR 0.19 
(0.08 to 0.42)

1037 
(1 study)

⊕⊕⊕⊕ 
high

 

Clinically apparent hepatitis A (follow-up duration 1 to 12
months) all included trials

Dienstag 1999 
Follow-up: 1 to 12 months

47 per 1000 9 per 1000 
(5 to 17)

RR 0.20 
(0.1 to 0.37)

2377 
(3 studies)

⊕⊝⊝⊝ 
very low

 

Clinically apparent hepatitis A (follow-up duration 13 to 24
months) low risk of bias

Dienstag 1999 
Follow-up: 15 to 17 months

3 per 1000 0 per 1000 
(0 to 0)

RR 0.05 
(0.01 to 0.17)

40393 
(2 studies)

⊕⊕⊕⊕ 
high

 

Clinicially apparent hepatitis A (follow-up duration 13 to 24
months) all included trials

4 per 1000 0 per 1000 
(0 to 1)

RR 0.06 
(0.02 to 0.17)

164776 
(4 studies)

⊕⊝⊝⊝ 
very low
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Dienstag 1999 
Follow-up: 15 to 24 months

Clinically apparent hepatitis A (follow-up duration 25 to 48
months) low risk of bias

See com-
ments

See comments       Insufficients
evidence

Clinicially apparent hepatitis A (follow-up duration 25 to 48
months) all included trials

Dienstag 1999

Follow-up: 36 months

  0 per 1000 
(0 to 0)

RR 0.05 
(0.02 to 0.13)

564642 
(1 study)

⊕⊕⊝⊝ 
low

 

Clinically apparent hepatitis A (follow-up duration 49 to 60
months) low risk of bias

See com-
ments

See comments       Insufficient
evidence

Clinically apparent hepatitis A (follow-up duration 49 to 60
months) all included trials

Dienstag 1999

Follow-up: 60 months

67 per 1000 4 per 1000 
(1 to 27)

RR 0.06 
(0.01 to 0.41)

585 
(1 study)

⊕⊕⊝⊝ 
low

 

All-cause mortality low risk of bias

Mortality

Follow-up: 17 months

  0 per 1000 
(0 to 2)

RR 1.40 
(0.62 to 3.16)

585 
(1 study)

⊕⊕⊕⊕ 
high

 

All-cause mortality all included trials

Mortality

Follow-up: 17 months

  0 per 1000 
(0 to 2)

RR 1.40 
(0.62 to 3.16)

585 
(1 study)

⊕⊕⊕⊕ 
high

 

Hepatitis A-related mortality See comment See comment       No trial di-
rectly ad-
dressed this
as an out-
come.

Lack of sero-protection, (anti HAV IgG < 10mIU/L) (low risk of
bias) 
Maiwald 1997 
Follow-up: 12 to 17 months

See comment See comment       No study in-
cluded this
outcome.
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Lack of sero-protection, (anti HAV IgG < 10mIU/L) (all includ-
ed trials) 
Maiwald 1997 
Follow-up: 12 to 17 months

See comment See comment       No study in-
cluded this
outcome.

Lack of sero-protection, (anti HAV IgG < 20mIU/L) (low risk of
bias ) 
Maiwald 1997 
Follow-up: 17 months

972 per 1000 10 per 1000 
(0 to 29)

RR 0.01 
(0.00 to 0.03)

486 
(1 study)

⊕⊕⊕⊕ 
high

 

Lack of sero-protection, (anti HAV IgG < 20mIU/L) (all includ-
ed trials) 
Maiwald 1997 
Follow-up: 12 to 17 months

973 per 1000 10 per 1000 
(0 to 29)

RR 0.01 
(0 to 0.03)

739 
(2 studies)

⊕⊕⊝⊝ 
low

 

Non-serious local adverse events (low risk of bias) inactivat-
ed HAV vaccine 
ICH-GCP 1997 
Follow-up: 12 to 15 months

85 per 1000 101 per 1000 
(57 to 179)

RR 1.19 
(0.67 to 2.11)

1299 
(2 studies)

⊕⊕⊕⊕ 
high

 

Non-serious local adverse events (all included trials) 
ICH-GCP 1997 
Follow-up: 12 to 15 months

98 per 1000 118 per 1000 
(84 to 166)

RR 1.21 
(0.86 to 1.70)

1559 
(4 studies)

⊕⊕⊝⊝ 
low

 

Non-serious systemic adverse events (low risk of bias) inacti-
vated HAV vaccine 
ICH-GCP 1997 
Follow-up: 12 to 15 months

42 per 1000 45 per 1000 
(28 to 74)

RR 1.09 
(0.67 to 1.78)

1299 
(3 studies)

⊕⊕⊕⊕ 
high

 

Non-serious systemic adverse events (all included studies) in-
activated HAV vaccine 
ICH-GCP 1997

Follow-up: 12 to 15 months

65 per 1000 64 per 1000 
(45 to 92)

RR 0.98 
(0.68 to 1.41)

1599 
(4 studies)

⊕⊕⊝⊝ 
low

 

Non-serious local adverse events (low risk of bias) live atten-
uated HAV vaccine 
ICH-GCP 1997

See comment See comment       Insufficient
evidence

Non-serious local adverse events (all included studies) live
attenuated HAV vaccine 
ICH-GCP 1997

See comment See comment       Insufficient
evidence

Non-serious systemic adverse events (low risk of bias) live at-
tenuated HAV vaccine 

See comment See comment       Insufficient
evidence

C
o

ch
ra

n
e

L
ib

ra
ry

T
ru

ste
d

 e
v

id
e

n
ce

.
In

fo
rm

e
d

 d
e

cisio
n

s.
B

e
tte

r h
e

a
lth

.

  

C
o

ch
ra

n
e D

a
ta

b
a

se o
f S

ystem
a

tic R
e

vie
w

s



H
e

p
a

titis A
 im

m
u

n
isa

tio
n

 in
 p

e
rso

n
s n

o
t p

re
v

io
u

sly
 e

x
p

o
se

d
 to

 h
e

p
a

titis A
 (R

e
v

ie
w

)

C
o

p
yrig

h
t ©

 2012 T
h

e C
o

ch
ra

n
e C

o
lla

b
o

ra
tio

n
. P

u
b

lish
ed

 b
y Jo

h
n

 W
ile

y &
 S

o
n

s, Ltd
.

8

ICH-GCP 1997 
Follow-up: 12 to 17 months

Non-serious systemic adverse events (all included studies)
live attenuated HAV vaccine 
ICH-GCP 1997

See comment See comment       Insufficient
evidence

*The basis for the assumed risk (eg, the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confi-
dence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). 
CI: Confidence interval; RR: Risk ratio.

 

GRADE Working Group grades of evidence 
High quality: Further research is very unlikely to change our confidence in the estimate of effect. 
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate. 
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate. 
Very low quality: We are very uncertain about the estimate.
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B A C K G R O U N D

Hepatitis A virus (HAV) is a non-enveloped positive stranded RNA
picornavirus, which is primarily transmitted by the faecal-oral route
(Lemon 1997a). HAV is a significant cause of morbidity and so-
cial-economic losses in many parts of the world (Hollinger 1996;
Berge 2000). Poor sanitation and crowded living conditions often
result in subclinical infection early in life, which confers lifelong im-
munity. With improved sanitation and hygiene, hepatitis A infec-
tions can be avoided in childhood. Consequently, the number of
adults susceptible to the disease increases. This is important giv-
en that adults are more likely to have clinically apparent disease
and have a higher mortality than children following infection (WHO
2000). Currently, an estimated 1.5 million people worldwide be-
come infected with clinically-evident hepatitis A each year (WHO
2000). Despite this, the overall mortality appears to be low (0.1%
in children less than 14 years) (WHO 2000). The incidence of hepati-
tis A is closely related to economic development, socio-economic
status, and geographical conditions. Sero-epidemiological studies
show that the prevalence of anti-HAV antibodies in the general pop-
ulation varies from 15% to close to 100% in different parts of the
world (Bell 2002). Anti-HAV prevalence estimates suggest that mid-
dle-income regions in Asia, Latin America, Eastern Europe, and the
Middle East currently have an intermediate or low level of endemic-
ity (Jacobsen 2010).

In regions of low disease endemicity, vaccination against hepatitis
A is often recommended for individuals with increased risk of con-
tracting the infection. At particular risk are travellers to areas of in-
termediate or high endemicity, users of illicit injection drugs, peo-
ple with haemophilia or other clotting factor disorders, laboratory
workers exposed to hepatitis A, workers exposed to non-human pri-
mates, and susceptible individuals with chronic liver diseases (Bell
2005).

Description of the condition

Hepatitis A virus is excreted in the bile and shed in the stools
of infected persons (Lemon 1997a). Peak excretion occurs during
the two weeks before the onset of jaundice; the concentration of
virus in the stool drops after jaundice appears. The average incu-
bation period of hepatitis A is around 28 days (range 15 to 50 days)
(Routenberg 1979). Cytotoxic T lymphocytes have been reported to
be involved in liver injury caused by acute HAV infection (Vallbracht
1989). This suggests that immune injury is the major pathogenic
mechanism of acute HAV infection (Ida 2002).

The course of hepatitis A infection is extremely variable. In children
under five years of age 80% to 95% of infections are asymptomatic,
while in adults 70% to 95% of infections result in clinical illness
(Purcell 2005). Fulminant hepatitis occurs rarely (less than 1% over-
all), but rates are higher with increasing age and in those with un-
derlying chronic liver disease, including those with chronic hepati-
tis B and C infections (Yao 1988).

Description of the intervention

Inactivated hepatitis A vaccine

Binn et al were the first to produce an inactivated HAV vaccine from
a HAV propagated in cell culture, subsequently purified and inacti-
vated by exposure to formalin (Binn 1986). The vaccine was first li-
censed in 1992 and became commercially available in 1995. Since
then, several inactivated vaccines have been developed and evalu-

ated in non-human primate models and in human clinical trials of
HAV infection. Currently, four inactivated monovalent HAV vaccines

are commercially available (Havrix®, Vaqta®, Avaxim®, and Epaxal®)
and include antigen prepared from different strains of the HAV. The
antigen content is not standardised, and the units by which the
antigen is expressed are different for each vaccine (Bell 2005). Be-
cause of the different assays used and the absence of an interna-
tional antigen reference agent, it is not currently possible to com-
pare the antigen content among vaccines. The current inactivated
vaccines appear to provide protection against all the many geno-
types of hepatitis A and can be used interchangeably (Bell 2005).

Live attenuated hepatitis A vaccine

In order to produce the live attenuated vaccine, the disease produc-
ing 'wild type' virus is first modified in the laboratory. This 'attenu-
ated' virus still retains the ability to replicate and stimulate a host
immune response but should not cause clinical disease on vaccina-
tion. The H2 strain live attenuated vaccine first became available in
China in 1992 (Mao 1989). Hu et al then went on to successfully de-
veloped a LA-1 strain live attenuated vaccine (Hu 1988). These two
live attenuated vaccines are now divided into subgroups according

to an antigen titre of less than or more than or equal to 106.5 TCID50
(Wang 2008). The TCID50 dilution assay quantifies the amount of
virus required to produce a cytopathic effect in 50% of inoculated
tissue culture cells. Due to distinct differences in assay methods,
principles and other infectivity, assay results are not equivalent.

How the intervention might work

Antibodies that persist following vaccination have long been con-
sidered as the principle marker of protection against hepatitis A in-
fection. In extensive studies of children and adults, the inactivated
hepatitis A vaccine has been found to be highly immunogenic. More
recent evidence suggests that protection against HAV is not depen-
dent on antibodies alone (Schmidtke 2005). A more complete un-
derstanding of immunity suggests that long-term protection also
occurs through immune cell memory. Others have demonstrated
that the HAV vaccine induces a cell mediated response in addition
to antibody production (Wang 2000; Wang 2001). Some have sug-
gested that protection conferred by cellular immunity may persist
long after anti-HAV immunoglobulin G (IgG) is no longer detectable
in the plasma of people; and following re-exposure to HAV, vaccine
recipients may undergo an anamnestic response that may prevent
overt clinical disease (Van Damme 2003). Virosomal vaccines such

as Epaxal® are thought to target both macrophages and influenza
primed antigen presenting cells, in turn stimulating T and B cell pro-
liferation (Gluck 2002). It is important to note that immunoglobu-
lin M (IgM) class antibodies to HAV can occasionally be detected by
standard assays after vaccination (Lemon 1997b). This means that
even in the absence of hepatitis A infection, it may be possible to de-
tect IgM post-vaccination, thus leading to the false conclusion that
the individual is infected with hepatitis A.

Why it is important to do this review

The World Health Organization (WHO) makes recommendations
for prevention of hepatitis A by vaccination in given populations
(WHO 2000). A systematic review of inactivated hepatitis A vaccines
has previously been published. This included eight trials studying
the effectiveness and safety of hepatitis A vaccines in adults and
children (four containing efficacy outcomes, three containing on-
ly safety outcomes, and a single study containing efficacy and ad-
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verse events outcomes) (Demicheli 2003). The review did not pro-
ceed to meta-analysis and concluded that despite poor design and
reporting of trials there was convincing evidence of the effective-
ness and safety of inactivated HAV vaccines. No conclusion was
made for the effects and safety of the live attenuated HAV vaccine
because of the inclusion of a single, poorly reported trial. A meta-
analysis of live attenuated vaccine that identified 13 trials has al-
so been published (Wang 2008). The authors concluded that live at-
tenuated hepatitis A vaccine has good protective efficacy but they
did not review vaccine safety. A Cochrane systematic review of he-
patitis A vaccination does not exist. So we conducted a systematic
review on the effectiveness and safety of vaccination for preventing
hepatitis A as set out in our pre-published Cochrane protocol.

O B J E C T I V E S

To assess the beneficial and harmful effects of pre-exposure hepati-
tis A vaccines (inactivated and live attenuated) in adults and chil-
dren.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised clinical trials irrespective of blinding, pub-
lication status, language, or unit of randomisation (individuals or
population-based, that is, cluster randomised clinical trials). Qua-
si-randomised studies were excluded for all outcomes other than
adverse events. We excluded historical controlled studies.

Types of participants

People of any age or ethnic origin who were at the stage of pre-ex-
posure to hepatitis A.

Types of interventions

• Experimental: any type of inactivated hepatitis or live attenuat-
ed A vaccine, irrespective of route of administration, dosage, or
schedule.

• Control: placebo, no intervention, or any vaccine other than HAV
vaccine.

• Trials assessing different HAV vaccines or different schedules of
the same HAV vaccine were also considered.

Types of outcome measures

Primary outcomes

The outcome measures of this review were sought at maximal fol-
low-up.

• All-cause mortality.

• Mortality from hepatitis A.

• Occurrence of hepatitis A. The diagnosis must be based on the
serological detection of IgM class antibodies to HAV, elevated
serum aminotransferase levels, and clinical symptoms such as
fatigue, malaise, headache, myalgias, nausea, vomiting, loss of
appetite, jaundice (Dienstag 1999).

Secondary outcomes

• Lack of sero-protection:

• * number of vaccine recipients with anti-HAV antibody titre
less than 10 mIU/L in accordance with the WHO standard ref-
erence serum at maximum follow-up (Wiedermann 1992);

* number of vaccine recipients with anti-HAV antibody titre
less than 20 mIU/L in accordance with the WHO standard ref-
erence serum at maximum follow-up (Maiwald 1997).

• Number and types of adverse events. Two types of adverse
events were analysed: serious adverse events and non-serious
(local and systemic) adverse events. Serious adverse events
were any untoward medical occurrence that resulted in death,
were life-threatening, required hospitalisation or prolongation
of hospitalisation, resulted in persistent or significant disabili-
ty, caused a congenital anomaly or birth defect; or was an event
that might have jeopardised the patient or required intervention
to prevent one of these former adverse events (ICH-GCP 1997).

Search methods for identification of studies

Electronic searches

We searched The Cochrane Hepato-Biliary Group Controlled Tri-
als Register (Gluud 2012), The Cochrane Central Register of Con-
trolled Trials (CENTRAL) in The Cochrane Library, MEDLINE, EM-
BASE, Science Citation Index Expanded, and China National Knowl-
edge Infrastructure (CNKI) (Royle 2003) up to November 2011.
Search strategies with the time span of the searches are given in
Appendix 1.

Searching other resources

We searched for further potentially relevant trials by cross-check-
ing the reference lists of published randomised clinical trials and
systematic reviews. We used the results of journals searched by
hand, for example, the Vaccine journal, the results of which are
included in CENTRAL. A full list of journals handsearched by the
Cochrane Hepato-Biliary Group is available in the Group's Module,
published in The Cochrane Library (Gluud 2012).

Data collection and analysis

Two authors (GI and JH) independently inspected the abstract of
each reference identified by the search and determined the poten-
tial relevance of each publication. For potentially relevant publi-
cations, or in cases of disagreement, we obtained the full paper
and independently inspected it, and applied the inclusion criteria.
Duplicate publications on trials were not excluded but listed with
the main publication in Included studies. Where uncertainties re-
mained about the duplication of published trials, efforts were made
to contact the corresponding author.

Selection of studies

Two authors (GI and JH) independently selected trials to be includ-
ed in the review according to the pre-specified selection criteria.
Any disagreement was solved by discussion. Where we were un-
able to resolve disagreements through discussion, we added the
publication to those 'awaiting assessment' and contacted the au-
thors of the study for clarification. In the event of no reply from
the authors, a third review author (DP) checked the publication to
solve disagreements. We documented our justification for exclud-
ing studies from the review.

Hepatitis A immunisation in persons not previously exposed to hepatitis A (Review)
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Data extraction and management

Two authors (GI and JH) independently extracted data from the in-
cluded trials. In the event of any disagreement between the two re-
view authors, a third review author (DP) also extracted the data. We
documented our decisions and, where necessary, contacted the tri-
al authors for clarification.

Data on all participants irrespective of compliance or follow-up
were sought to allow intention-to-treat analyses. In case a ran-
domised clinical trial had a cross-over design, we considered data
only from the first period.

We identified trials by the name of the first author and year in which
the trial was first published. We extracted, checked, and recorded
the following data.

Characteristics of the trial

• Date

• Location and setting of the trial

• Publication status

• Generation of the allocation sequence

• Allocation concealment method

• Blinding methods

Characteristics of the participants

• Number of participants in each group

• Age, sex, nationality, ethnic group, and any risk category

• Previous immunisation status (if known)

• Presence of immunodeficiency

• Baseline comparability

Characteristics of the interventions

• Type of vaccine

• Type of control

• Dose

• Immunisation schedule

• Route of administration

 Characteristics of outcome measures

• Primary and secondary outcome measures (as above)

• Any adverse events

• Length of follow-up

• Loss to follow-up (drop-outs) before end of trial

Assessment of risk of bias in included studies

The authors followed the instructions given in the Cochrane Hand-
book for Systematic Reviews of Interventions (Higgins 2011) and the
Cochrane Hepato-Biliary Group Module (Gluud 2012) to assess the
risk of bias of the included trials.

Due to the risk of biased overestimation of beneficial intervention
effects in randomised clinical trials with inadequate methodologi-
cal quality (Schulz 1995; Moher 1998; Kjaergard 2001; Wood 2008),
we examined the influence of the validity of the included studies on
the results by evaluating bias risk domains (Higgins 2011). Where
information was not available in the published trial, we made at-
tempts to contact the authors in order to assess the trials correctly.

Sequence generation

• Low risk of bias: sequence generation has been achieved using
computer random number generation or a random number ta-
ble.

• Unclear: the trial is described as randomised but the method of
sequence generation is not specified.

• High risk of bias: the sequence generation method was not, or
may not be, random. Quasi-randomised studies, those using
dates, names, or admittance numbers in order to allocate pa-
tients, are inadequate and were excluded for the assessment of
benefits but not for harms.

Allocation concealment

• Low risk of bias: allocation was controlled by a central and in-
dependent randomisation unit, sequentially numbered, opaque
and sealed envelopes or similar, so that intervention allocations
could not be foreseen in advance of, or during, enrolment.

• Unclear: the trial is described as randomised but the method
used to conceal the allocation is not described, so that interven-
tion allocations might have been foreseen in advance of, or dur-
ing, enrolment.

• High risk of bias: the allocation sequence was known to the in-
vestigators who assigned participants. Quasi-randomised stud-
ies were excluded for the assessment of benefits but not for
harms.

Blinding

• Low risk of bias: the trial is described as blinded, the parties that
were blinded and the method of blinding were described, so that
knowledge of allocation was adequately prevented during the
trial.

• Unclear: the trial is described as double blind but the method of
blinding was not described, so that knowledge of allocation was
possible during the trial.

• High risk of bias: the trial was not blinded, so that the allocation
was known during the trial.

Incomplete outcome data reporting

• Low risk of bias: the numbers and reasons for drop-outs and
withdrawals in all intervention groups were described, or it was
specified that there were no drop-outs or withdrawals.

• Unclear: the report gave the impression that there had been no
drop-outs or withdrawals, but this was not specifically stated.

• High risk of bias: the number or reasons for drop-outs and with-
drawals were not described.

Selective outcome reporting

• Low risk of bias: pre-defined, or clinically relevant and reason-
ably expected outcomes, were reported on.

• Unclear: not all pre-defined, or clinically relevant and reason-
ably expected outcomes, were reported on or were not report-
ed fully, or it is unclear whether data on these outcomes were
recorded or not.

• High risk of bias: one or more clinically relevant and reason-
ably expected outcomes was not reported on; data on these out-
comes were likely to have been recorded.
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Other sources of bias

• Low risk of bias: if the trial appeared to be free of other sources
of bias.

• Unclear risk of bias: if there was insufficient information to as-
sess whether other sources of bias were present.

• High risk of bias: if it is likely that potential sources of bias re-
lated to specific design used, early termination due to some da-
ta-dependent process, lack of sample size or power calculation,
or other risks were present.

Trials in which sequence generation, allocation concealment,
blinding, outcome data reporting, and selective outcome report-
ing were reported adequately, with no other source of bias (as de-
fined above), were considered as low risk of bias (Kjaergard 2001;
Wood 2008). Trials with one or more domains judged as unclear or
at high risk of bias were considered as trials with high risk of bias
(Kjaergard 2001; Wood 2008). We also reported on whether the in-
vestigators had performed a sample-size calculation and used in-
tention-to-treat analysis.

Measures of treatment e<ect

The statistical package Review Manager (RevMan 2011) provided by
The Cochrane Collaboration was used for the statistical analyses.
Dichotomous data were presented as relative risk (RR) and contin-
uous outcomes as mean difference (MD), both with 95% confidence
intervals (CI).

Unit of analysis issues

We assessed the outcome of cluster randomised clinical trials at the
level of the group, thereby keeping the unit of analysis the same as
the unit of randomisation.

Dealing with missing data

In the event that data were missing, we added these trials to those
'awaiting assessment' and contacted the authors of the trial for
clarification. In the event of no reply from the authors within six
months, we imputed a replacement value for the missing data (as-
suming all were poor outcomes). We then performed a sensitivity
analysis to assess how sensitive results were to reasonable changes
in the assumptions that had been made. The impact of any missing
data on the finding is fully discussed.

Assessment of heterogeneity

We initially assessed heterogeneity of the results of the trials by in-
specting the graphical presentations and by calculating a test of

heterogeneity (Chi2 test). However, we were aware of the fact that

the Chi2 test has a poor ability to detect statistically significant het-
erogeneity among trials. Therefore, we also quantified the impact
of heterogeneity in the meta-analysis using a measure of the de-
gree of inconsistency in the studies' results (Higgins 2011). This

measure, the I2 statistic, describes the percentage of total varia-
tion across trials that is due to heterogeneity rather than the play of

chance (Higgins 2011). The values of I2 lie between 0% and 100%,
and a simplified categorisation of heterogeneity is: not important
(0% to 40%), moderate (30% to 60%), substantial (50% to 90%) and
considerable (75% to 100%); as defined in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011).

Assessment of reporting biases

Assessment of bias

We used funnel plots to provide a visual assessment of whether
treatment estimates were associated with trial size. We explored
bias according to Egger's methods (Egger 1997).

Data synthesis

Stratified analyses were undertaken to provide three estimates of
intervention effect: trials at low risk of bias, trials at high risk of bias,
and all included trials (Higgins 2011). We analysed dichotomous da-
ta by calculating the risk ratio (RR) for each trial with the uncertain-
ty in each result being expressed using 95% confidence intervals
(CI). The random-effects and the fixed-effect models were used. In
case of discrepancy in the results of the two models, we reported
the results with both models. If the results were not statistically dif-
ferent, we reported the results with the random-effects model.

Using the method of the Newcombe-Wilson hybrid score (not con-
tinuity corrected (Newcombe 1998)) and the corresponding 95% CI,
we estimated the number of people required to receive hepatitis A
vaccine to avoid one person with clinical hepatitis A (number need-
ed to prevent one patient with hepatitis A (NNP)). This number was
calculated for all primary outcomes.

Trial sequential analysis

Trial sequential analysis is a statistical method which assesses the
risk of random error caused by sparse data and formal or informal
repetitive testing of accumulating data. Meta-analyses do not ad-
dress the risk of introducing random errors. When few, small trials
are combined a in meta-analysis, the risk of introducing random er-
rors increases due to sparse data and due to multiplicity when con-
ducting cumulative meta-analyses. We employed trial sequential
analysis to address the risk of random errors for the primary out-
comes including all-cause mortality, mortality from hepatitis A, and
occurrence of hepatitis A (Brok 2008; Wetterslev 2008; Brok 2009;
Wetterslev 2009; Thorlund 2009; Thorlund 2010; CTU 2011; Thor-
lund 2011).

Subgroup analysis and investigation of heterogeneity

Analysis of the randomised clinical trials was carried out in Review
Manager 5.1 (RevMan 2011), with estimates of relative risks (RR) and
95% confidence intervals (CI).

Subgroup analyses were conducted according to pre-specified
characteristics of trials that were considered clinically relevant. We
used the test for interaction to estimate the difference between two
subgroups (Altman 2003).

Subgroup analyses were conducted for the following.

• Doses (high compared to low dose).

• Number of doses of vaccine (single dose compared to two or
three doses).

• Endemicity (high, intermediate, low as per WHO criteria (WHO
2000)).

• Vaccine type (inactivated, live attenuated).

• Length of follow-up (1 to 12 months, 13 to 24 months, 25 to 36
months, 37 to 48 months, 49 to 60 months).

• Trials with low risk of bias compared to trials with high risk of
bias.
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• Small trials (sample size less than 100 participants) compared to
larger trials (sample size at or more than 1000 participants).

Sensitivity analysis

We performed a sensitivity analysis for the clinically defined hepati-
tis A outcome measure in order to assess the robustness of the find-
ings to different aspects of the trials' methodology: trials with low
risk of bias compared to trials with high risk of bias; exclusions after
randomisation (reported compared to not reported); and sample
size (less than 1000 compared to equal to or more than 1000).

R E S U L T S

Description of studies

Results of the search

Using the pre-defined strategies described in Appendix 1, we iden-
tified 13,255 references (without removing duplicates): 123 from

the Cochrane Hepato-Biliary Group Controlled Trials Register, 137
from CENTRAL in The Cochrane Library, 3769 from MEDLINE, 6783
from EMBASE, 1366 from Science Citation Index Expanded, and
1077 from CNKI. We identified another 105 references following
handsearches of the Vaccine journal or through screening the ref-
erences from the retrieved studies. After the removal of duplicate
references, 8121 references remained. After screening the abstracts
for each of these references, 7989 publications were excluded and
132 full articles were retrieved. We excluded 119 references with
justifications provided in the Characteristics of excluded studies ta-
ble. A PRISMA flow diagram is provided in Figure 1.
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Figure 1.   PRISM Study flow diagram.

 
Included studies

Eleven studies described in 17 publications met the predefined
inclusion criteria (Riedemann 1992; Werzberger 1992; Innis 1994;
Jiang 1995; Yuan 1995; Wu 1996; Li 2000; Meng 2000; Jiang 2001;
Mayorga Pérez 2003; Luo 2004). Four studies were published in

English and seven in Chinese. The four trials published in English
all used inactivated HAV vaccine as the experimental intervention,
while five of the seven studies published in Chinese used live at-
tenuated HAV vaccine. Participants totaled 814,945 across all 11 in-
cluded studies. The sample size ranged from 260 (Riedemann 1992)
to 564,642 participants (Li 2000). Inactivated and live attenuated
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vaccines were compared with either placebo, no intervention, or
inactive against hepatitis A comparator (hepatitis B virus (HBV) or
typhoid vaccines).

Four trials used cluster randomised trials with school classes as
the unit of randomisation (Jiang 1995; Yuan 1995; Li 2000; Meng
2000). None of the cluster trials specified the total number of units
of randomisation. Both commercially available and experimental
HAV vaccines were compared with placebo and inactive controls.
The dosage of HAV vaccine varied between trials. As stated in the in-
troduction, the assays through which the antigen content of inacti-
vated HAV vaccines were determined varied between manufactur-
ers. This, together with the absence of an international reference
standard, meant that a direct comparison was not possible. The
duration of follow-up ranged from one month (Jiang 2001) to 60
months (Meng 2000; Luo 2004) among the included trials.

Two of the included trials were quasi-randomised studies and were
excluded for all outcomes other than that of adverse events (Wu
1996; Luo 2004).

Excluded studies

After screening the abstracts of each of the 8121 references (du-
plicates removed), 7985 publications were excluded. A further 119

publications were excluded after reviewing the full text of the publi-
cation. The most common reasons for exclusion was inappropriate
comparator intervention. Six trials were quasi-randomised clinical
studies but did not include adverse events as an outcome, nor did
they mention any adverse events in their publications (Zhang 1994;
Lin 1997; Xu 1998; Gong 2000; Zhang 2001; Xu 2002). The character-
istics of excluded trials are provided (Characteristics of excluded
studies).

Risk of bias in included studies

A summary of judgements made by the review authors on the risk
of bias for each trial is provided in Figure 2. Only three of the nine
included randomised trials were judged to be of low risk of bias
(Werzberger 1992; Innis 1994; Mayorga Pérez 2003) when assessed
against the domains allocation sequence generation, allocation
concealment, blinding, incomplete outcome data reporting, selec-
tive outcome reporting, and other risks of bias. The trials with low
risk of bias assessed inactivated hepatitis A vaccine. All the trials
assessing live attenuated hepatitis A vaccine had high risk of bias.
See Figure 2 and Figure 3 for a summary of the results.
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
Please note that Luo 2004 and Wu 1996 were quasi-randomised studies and were included in the adverse events
review only.
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Figure 2.   (Continued)
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Figure 3.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.

 
Allocation

All trials stated that they had been randomised. Three trials
used adequate methods for generating the allocation sequence
(Werzberger 1992; Innis 1994; Mayorga Pérez 2003). The methodol-
ogy by which the allocation sequence was produced was unclear in
six trials. Two studies used methods that were considered to be at
high risk of bias, each of which used date of birth to allocate partic-
ipants (Wu 1996; Luo 2004). These two studies were included in the
adverse events review only.

Three trials reported adequate allocation concealment methods
(Werzberger 1992; Innis 1994; Mayorga Pérez 2003). However, allo-
cation concealment methodology was considered unclear in two
trials (Meng 2000; Luo 2004) and was judged inadequate in the re-
maining six trials.

Blinding

Five trials stated they were double blinded (Riedemann 1992;
Werzberger 1992; Innis 1994; Mayorga Pérez 2003; Luo 2004). Of
these only two provided adequate evidence to demonstrate that
participants and key investigators were fully blinded, by providing
a full discussion of blinding methodology (Werzberger 1992; May-
orga Pérez 2003). Blinding was judged unclear in three trials and at
high risk of bias in six trials.

Incomplete outcome data

The inclusion of all randomised participants in the subsequent
analysis was determined based on the primary outcome of the tri-
al in question. A number of the inactivated HAV vaccine trials gave
the impression that there had been no drop-outs or withdrawals,
although this was not explicitly stated (Jiang 1995; Yuan 1995; Wu
1996; Meng 2000; Jiang 2001; Luo 2004). One of these trials also
gave the impression that only those participants who developed
clinical hepatitis A were actively followed up (Jiang 1995). Outcome
data reporting was considered adequate in three trials (Riedemann

1992; Werzberger 1992; Mayorga Pérez 2003), unclear in five trials,
and was considered inadequate in three trials.

Selective reporting

Seven trials were judged to be at low risk of bias, reporting on
relevant and reasonably expected outcomes (Riedemann 1992;
Werzberger 1992; Innis 1994; Yuan 1995; Wu 1996; Mayorga Pérez
2003). Three trials were judged to be unclear (Li 2000; Meng 2000;
Luo 2004) and one at high risk of bias (Jiang 2001).

Other potential sources of bias

Four trials were judged to be at low risk for other potential sources
of bias (Riedemann 1992; Werzberger 1992; Innis 1994; Mayorga
Pérez 2003). Two trials were judged to be at unclear risk (Li 2000;
Jiang 2001) and five at high risk of bias (Jiang 1995; Yuan 1995; Wu
1996; Meng 2000; Luo 2004).

Three trials were cluster randomised clinical trials, and for each the
unit of randomisation was either a kindergarten or a school class
(Jiang 1995; Yuan 1995; Meng 2000). Given that cluster randomised
clinical trials methodologically vary from those trials where the unit
of randomisation is an individual, we followed the CONSORT state-
ment to assess these trials for risk of bias (www.consort-statemen-
t.org) (Campbell 2004). Assessment domains included: rationale for
cluster randomisation; how cluster randomisation was incorporat-
ed in the sample size calculation; how clustering was incorporat-
ed into analyses; and records of how both individuals and clus-
ters flowed through the trial (Campbell 2004). All three cluster ran-
domised clinical trials failed to provide any rationale for adopting
this trial design. Details for the flow of both participants and clus-
ters were not provided in any of the three trials, neither did they
account for clustering in sample size calculations or subsequent
analyses.
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In one trial, a number of participants were analysed in a group dif-
ferent to that originally allocated due to participants in the control
group incorrectly receiving the intervention (Jiang 1995).

E<ects of interventions

See: Summary of findings for the main comparison Hepatitis A
vaccines for preventing clinical hepatitis A in those not previously
exposed

Nine randomised clinical trials including 728,850 participants ad-
dressed the primary outcome of clinically confirmed development
of hepatitis A. The trials compared HAV vaccine versus: 1) no inter-
vention, 2) isotonic saline solution, 3) HBV vaccine, or 4) typhoid
vaccines. The follow-up duration ranged from one month to five
years.

Primary outcomes

All-cause mortality

HAV vaccines versus no intervention, inactive control, or placebo

Only one trial at low risk of bias reported on the outcome of all-
cause mortality (Innis 1994). This trial demonstrated that all-cause
death occurred in 14/20,028 (0.07%) and 10/20,091 (0.05%) partic-
ipants in the HAV vaccine and control groups respectively (RR 0.14,
95% CI 0.62 to 3.16) (Analysis 5.1). No trials at high risk of bias re-
ported on the outcome of all-cause mortality.

Hepatitis A related mortality

HAV vaccines versus no intervention, inactive control, or placebo

No trials reported on the outcome of hepatitis A related mortality.

Clinically apparent hepatitis A

HAV vaccines versus no intervention, inactive control, or placebo
(trials with low risk of bias)

Three randomised clinical trials were considered to be at low risk of
bias (Werzberger 1992; Innis 1994; Mayorga Pérez 2003). Clinically
confirmed hepatitis A occurred in 9/20,684 (0.04%) and 92/20,746
(0.44%) participants in the HAV vaccine and control groups respec-
tively (RR 0.09, 95% CI 0.03 to 0.30). The relative risk reduction (RRR)
was 0.90 (95% CI 0.81 to 0.95). The number needed to treat (NNT)
was 250 participants (95% CI 323 to 199) (Analysis 1.1). Trial sequen-
tial analysis was conducted for the three trials (Figure 4). The re-
quired information size was 55,961 participants based on the a pri-
ori assumption of a relative risk reduction of 90%; an event propor-
tion of 0.1% in the control arm; an alpha of 5%; a beta of 80%; and
a heterogeneity correction for the calculation of the required infor-
mation size. The cumulated Z-curve crossed the traditional bound-
ary of 5% significance and the trial sequential alpha spending mon-
itoring boundary.
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Figure 4.   Trial sequential analysis for trials with low risk of bias. The required information size was 55,961
participants based on the a priori assumption of a relative risk reduction of 90%; an event proportion of 0.1% in
the control arm; an alpha of 5%; a beta of 80%; and a heterogeneity correction for the calculation of the required
information size. The cumulated Z-curve crosses the traditional boundary of 5% significance and the trial sequential
alpha spending monitoring boundary.

 
HAV vaccines versus no intervention, inactive control or placebo (all
included trials)

Clinical hepatitis A occurred in 31/375,726 (0.01%) and 505/356,654
(0.14%) participants in the HAV vaccine and control groups respec-
tively (RR 0.09, 95% CI 0.05 to 0.17). The RRR was 0.94 (95% CI
0.92 to 0.96). The NNT was 749 participants (95% CI 826 to 683).
We conducted trial sequential analysis of the nine included ran-
domised clinical trials (Figure 5). The required information size was
60,421 participants based on the a priori assumption of a relative

risk reduction of 90%; an event proportion of 0.1% in the control
arm; an alpha of 5%; a beta of 80%; and a heterogeneity correc-
tion for the calculation of the required information size. The cumu-
lative Z-curve crossed both the traditional boundary of 5% signifi-
cance and the trial sequential alpha spending monitoring bound-
ary, and eventually exceeded the required information size. This
implies that there is firm evidence for an effect of 90% risk ratio re-
duction when adjusted for multiple testing on accumulating data.
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Figure 5.   Trial sequential analysis for clinical and contemporarily laboratory confirmed hepatitis A (all included
studies). The required information size was 60421 participants based on the a priori assumption of a relative
risk reduction of 90%; an event proportion of 0.1% in the control arm; an alpha of 5%; a beta of 80%; and a
heterogeneity correction for the calculation of the required information size. The cumulated Z-curve crosses the
traditional boundary of 5% significance and the trial sequential alpha spending monitoring boundary.

 
As specified in the protocol, subgroup analyses based on vaccine
type were carried out: vaccine type, dose, regimen, endemicity, and
follow-up duration.

Inactivated HAV vaccines (three trials with low risk of bias)

Three randomised clinical trials were considered to be at low risk of
bias (Werzberger 1992; Innis 1994; Mayorga Pérez 2003). Clinically
confirmed hepatitis A occurred in 9/20,684 (0.04%) and 92/20,746
(0.44%) participants in the HAV vaccine and control groups respec-
tively (RR 0.09, 95% CI 0.03 to 0.30) (Analysis 1.2). The relative risk
reduction (RRR) was 0.90 (95% CI 0.81 to 0.95). The NNT was 250
participants (95% CI 323 to 199).

Inactivated HAV vaccines (three trials with low risk of bias and one
with high risk of bias)

A meta-analysis of four trials demonstrated that clinical hepatitis A
occurred in 10/20,812 (0.05%) and 95/20,978 (0.45%) participants
in the inactivated HAV vaccine and control groups respectively (RR
0.12, 95% CI 0.05 to 0.31) (Analysis 1.2). The RRR was 0.89 (95% CI
0.80 to 0.95). The NNT was 247 participants (95% CI 319 to 197).

Live attenuated HAV vaccines (trials with low risk of bias)

No included randomised clinical trial using live attenuated HAV vac-
cine was at low risk of bias (Analysis 1.3).

Live attenuated HAV vaccines (five trials with high risk of bias)

A meta-analysis of all five trials demonstrated that clinical hepati-
tis A occurred in 21/354,914 (0.01%) and 410/335,776 (0.12%) par-
ticipants in the live attenuated HAV vaccine and control groups re-
spectively (RR 0.07, 95% CI 0.03 to 0.17) (Analysis 1.3). The RRR was
0.95 (95% CI 0.93 to 0.97). The NNT was 860 participants (95% CI 957
to 777).

Dose of HAV vaccine (low risk of bias)

No included randomised clinical trials of live attenuated HAV vac-
cine were at low risk of bias (Analysis 1.4; Analysis 1.5).

Dose of HAV vaccine (all included trials)

For inactivated HAV vaccine, assays to determine antigen content
are not standardised between manufacturers. Together with the
absence of an international reference, the dose of inactivated HAV
vaccine cannot be compared at present. A meta-analysis of two
trials demonstrated that clinical hepatitis A occurred in 8/29,992
(0.01%) and 277/32,278 (0.86%) participants in the live attenuat-

ed HAV vaccines (titre ≥ 106.5 TCID50) and control groups (RR 0.03,
95% CI 0.02 to 0.06) (Analysis 1.4; Analysis 1.5). The RRR was 0.97
(95% CI 0.94 to 0.99). The NNT was 120 participants (95% CI 136 to
107). A meta-analysis of three trials demonstrated that clinical he-
patitis A occurred in 13/324,922 (0.004%) and 133/303,498 (0.04%)
participants in the live attenuated hepatitis A vaccines (titres <
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106.5TCID50) and control group respectively (RR 0.11, 95% CI 0.05
to 0.26, random-effects model). The RRR was 0.91 (95% CI 0.84 to
0.95). The NNT was 2511 participants (95% CI 3085 to 2079).

HAV vaccine in regions of high, intermediate, and low endemicity
(trials with low risk of bias)

Data from three randomised clinical trials (Werzberger 1992; Innis
1994; Mayorga Pérez 2003) were available for subgroup analysis
comparing HAV vaccine with no intervention, placebo, or inactive
control in areas of high and low endemicity as defined by the WHO.
A meta-analysis of two trials (Innis 1994; Mayorga Pérez 2003) at
low risk of bias conducted in a region of high endemicity demon-
strated that clinical hepatitis A occurred in 2/20,165 (0.01%) and
55/20,228 (0.27%) participants in the inactivated HAV vaccine and
control groups respectively (RR 0.05, 95% CI 0.01 to 0.17) (Analysis
1.6). The RRR was 0.96 (95% CI 0.85 to 0.99). The NNT was 381 par-
ticipants (95% CI 516 to 291). No trial was conducted in a region of
intermediate endemicity. Werzberger 1992 was the only trial at low
risk of bias conducted in a region of low endemicity. Werzberger
1992 reported that clinical hepatitis A occurred in 7/519 and 37/518
participants in the inactivate HAV vaccine and control groups re-
spectively (RR 0.19, 95% CI 0.08 to 0.42) (Analysis 1.7). The RRR was
0.8 (95% CI 0.58 to 0.92). The NNT was 17 participants (95% CI 29
to 12).

HAV vaccine in regions of high, intermediate, and low endemicity (all
included trials)

Data from all nine trials were available for subgroup analysis com-
paring HAV vaccine with no intervention, placebo or inactive con-
trol in areas of high, intermediate, and low endemicity as defined by
the WHO. Eight trials compared HAV vaccine versus no intervention,
placebo or inactive control in areas of high endemicity. A meta-
analysis of eight trials demonstrated that clinically confirmed he-
patitis A occurred in 24/375,207 (0.01%) and 468/356,136 (0.13%)
participants in the HAV vaccine and control groups respectively
(RR 0.08, 95% CI 0.04 to 0.15). The RRR was 0.95 (95% CI 0.93 to
0.97). The NNT was 799 participants (95% CI 883 to 727). One trial
compared HAV vaccine versus placebo in areas of low endemicity
(Werzberger 1992). Werzberger 1992 reported that clinical hepatitis
A occurred in 7/519 (0.01%) and 37/518 (0.07%) participants in the
HAV vaccine and control groups respectively (RR 0.19, 95% CI 0.08
to 0.42) (Analysis 1.7). The RRR was 0.81 (95% CI 0.58 to 0.92). The
NNT was 17 participants (95% CI 29 to 12).

Number of HAV vaccine doses (trials with low risk of bias)

Data from two randomised clinical trials (Innis 1994; Mayorga Pérez
2003) were available for subgroup analysis comparing HAV vaccine
with no intervention, placebo, or inactive control according to dos-
ing regimen (single dose or two or more doses). Mayorga Pérez 2003
was the only trial at low risk of bias conducted using a single dose
regimen. Mayorga Pérez 2003 reported that clinical hepatitis A oc-
curred in 0/137 (0%) and 17/137 (12.41%) participants in the inac-
tivated HAV vaccine and control groups respectively (RR 0.03, 95%
CI 0.00 to 0.47) (Analysis 1.8). The RRR was 0.99 (95% CI -1.93 to 1).
The NNT was 8 participants (95% CI 14 to 5). Two trials at low risk of
bias were conducted using multiple HAV vaccine doses (Werzberger
1992; Innis 1994). A meta-analysis of these two trials demonstrated
that clinical hepatitis A occurred in 9/20,547 and 75/20,609 partici-
pants in the inactivate HAV vaccine and control groups respectively
(RR 0.11, 95% CI 0.03 to 0.40) (Analysis 1.9). The RRR was 0.88 (95%
CI 0.76 to 0.94). The NNT was 312 participants (95% CI 422 to 241).

Number of HAV vaccine doses (all included trials)

Data from all nine trials were available for subgroup analysis com-
paring HAV vaccine with no intervention, placebo, or inactive con-
trol according to dosing regimen (single dose, and two or more
doses). A meta-analysis of six trials demonstrated that partici-
pants with clinical hepatitis A occurred in 21/354,912 (0.01%) and
427/335,795 (0.13%) participants in the single HAV vaccine and con-
trol groups respectively (RR 0.07, 95% CI 0.03 to 0.15). The RRR was
0.95 (95% CI 0.93 to 0.97). The NNT was 824 participants (95% CI
915 to 746) (Analysis 1.8). A meta-analysis of three trials demon-
strated that clinical hepatitis A occurred in 10/20,675 (0.05%) and
78/20,741 (0.38%) participants in the multiple HAV vaccine dose
and control groups respectively (RR 0.14, 95% CI 0.05 to 0.37). The
RRR was 0.87 (95% CI 0.75 to 0.93). The NNT was 305 participants
(95% CI 412 to 236) (Analysis 1.9). All trials included in the multiple
dosing regimen used three doses (no trial used two doses).

Follow-up duration (trials with low risk of bias)

Data from three trials were available for subgroup analysis compar-
ing HAV vaccine (inactivated or live attenuated) with no interven-
tion, placebo or inactive control according to follow-up duration (1
to 12 months, 13 to 24 months, 25 to 36 months, 37 to 48 months,
49 to 60 months). Werzberger 1992 was the only randomised clini-
cal trial at low risk of bias conducted in the 1 to 12 month interval.
Werzberger 1992 reported that clinical hepatitis A occurred in 7/519
and 37/518 participants in the inactivated HAV vaccine and control
groups respectively (RR 0.19, 95% CI 0.08 to 0.42). The RRR was 0.81
(95% CI 0.58 to 0.92). The NNT was 17 participants (95% CI 29 to 12)
(Analysis 1.10).

Two trials at low risk of bias conducted an analysis in the 13 to 24
month interval (Innis 1994; Mayorga Pérez 2003). A meta-analysis
of these two trials demonstrated that clinical hepatitis A occurred
in 2/20,165 (0.01%) and 55/20,228 (0.27%) participants in the inac-
tivated HAV vaccine and control groups respectively (RR 0.05, 95%
CI 0.01 to 0.17). The RRR was 0.96 (95% CI 0.85 to 0.99). The NNT was
381 participants (95% CI 516 to 291) (Analysis 1.11). No trial at low
risk of bias was conducted in the 25 to 36 month, 37 to 48 month,
and 49 to 60 month intervals.

Follow-up duration (all included trials)

Data from all nine trials were available for subgroup analysis com-
paring HAV vaccine (inactivated and live attenuated with no inter-
vention, placebo or inactive control according to follow-up dura-
tion (1 to 12 months, 13 to 24 months, 25 to 36 months, 37 to 48
months, and 49 to 60 months).

A meta-analysis of three trials in the 1 to 12 month interval
(Riedemann 1992; Werzberger 1992; Jiang 1995) demonstrated that
clinically confirmed hepatitis A occurred in 11/1208 (0.91%) and
55/1169 (4.70%) participants in the HAV vaccine and control groups
respectively (RR 0.20, 95% CI 0.10 to 0.38). The RRR was 0.81 (95%
0.63 to 0.90). The NNT was 26 participants (95% CI 40 to 19). A
meta-analysis of four trials in the 13 to 24 month interval (Innis
1994; Jiang 1995; Yuan 1995; Mayorga Pérez 2003) demonstrated
that clinically confirmed hepatitis A occurred in 14/81,307 (0.02%)
and 341/83,469 (0.41%) in the HAV vaccine and control groups re-
spectively (RR 0.06, 95% CI 0.02 to 0.21). The RRR was 0.96 (95%
0.93 to 0.98). The NNT was 255 participants (95% CI 287 to 229).
One trial (Li 2000) in the 25 to 36 month interval demonstrated
that clinically confirmed hepatitis A occurred in 5/292,940 (0.002%)
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and 88/271,702 (0.03%) participants in the HAV vaccine and con-
trol groups respectively (RR 0.05, 95% CI 0.02 to 0.13). The RRR was
0.95 (95% CI 0.87 to 0.98). The NNT was 3259 participants (95% CI
4137 to 2614) (Analysis 1.12). No trial was conducted in the 37 to 48
month interval. One trial (Meng 2000) in the 49 to 60 month inter-
val demonstrated that clinically confirmed hepatitis A occurred in
1/271 (0.36%) and 21/314 (6.69%) participants in the HAV vaccine
and control groups respectively (RR 0.06, 95% CI 0.01 to 0.41). The
RRR was 0.95 (95% CI 0.60 to 0.99). The NNT was 15 participants
(95% CI 29 to 10) (Analysis 1.13).

Sensitivity analyses

Trial size
Only one trial at low risk of bias had less than 1000 participants
(Mayorga Pérez 2003). Here, clinical hepatitis A occurred in 0/137
(0%) and 17/137 (12.4%) participants in the HAV vaccine and con-
trol groups respectively (RR 0.03, 95% CI 0.00 to 0.47). A meta-analy-
sis of all trials with 1000 or more participants demonstrated that
clinical hepatitis A occurred in 30/375,461 (0.01%) and 485/356,288
(0.14%) participants in the HAV vaccine and control groups respec-
tively (RR 0.08, 95% CI 0.04, to 0.16) (Analysis 4.1). For all trials
with less than 1000 participants, a meta-analysis of two trials at
low risk of bias demonstrated that clinical hepatitis A occurred in
1/265 (0.38%) and 20/269 (7.43%) participants in the HAV vaccine
and control groups respectively. Significance was reached for the

fixed-effect model (RR 0.07, 95% CI 0.01 to 0.38) but not the ran-
dom-effects model (RR 0.11, 95% CI 0.01 to 1.62) (Analysis 4.2).

Risk of bias
Two trials with low risk of bias had 1000 or more participants
(Werzberger 1992; Innis 1994). A meta-analysis of these two tri-
als demonstrated that clinically confirmed hepatitis A occurred in
9/20,547 (0.04%) versus 75/20,609 (0.36%) participants in the HAV
vaccine and control groups respectively (RR 0.11, 95% CI 0.03 to
0.40).

The effect of adjustment and non-adjustment for cluster randomi-
sation indicated that the results remained significant, with signifi-
cant heterogeneity.

Funnel plot

In this preliminary analysis the plot for clinical protective efficacy
was investigated. Given the relatively small number of trials (nine)
no statistical test for funnel plot asymmetry was used (Egger 1997;
Egger 1998). Visual inspection of the funnel plot suggested a de-
gree of asymmetry about the pooled RR line with a slight paucity
of small negative trials (Figure 6). It is also important to remem-
ber that in addition to publication bias the asymmetry could repre-
sent true heterogeneity, poor methodological quality, artefact, or
chance (Sackett 1979).

 

Figure 6.   Funnel plot of comparison: 1 Clinical hepatitis A, outcome: 1.1 All vaccine types.
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Secondary outcomes

Lack of anti-HAV IgG sero-protection

Seven of the nine randomised clinical trials included anti-HAV IgG
as an outcome measure. Four trials used the inactivated HAV vac-
cine as the intervention (Riedemann 1992; Werzberger 1992; Innis
1994; Mayorga Pérez 2003). Three trials used the live attenuated
HAV vaccine (Yuan 1995; Li 2000; Meng 2000). Of these, three did not
measure anti-HAV IgG in the control group of the trial (Werzberg-
er 1992; Yuan 1995; Li 2000). Two trials reported this outcome as
the geometric mean titre (Riedemann 1992; Mayorga Pérez 2003).
No trial defined anti-HAV IgG greater than 10 mIU/L as an outcome.
Two randomised clinical trials examining the inactivated hepatitis
A vaccine defined anti-HAV IgG greater than 20 mIU as an outcome
(Riedemann 1992; Innis 1994).

Inactivated HAV vaccine (trials with low risk of bias)

Only one trial that met the inclusion criteria for sero-protection was
at low risk of bias (Innis 1994). This trial examined the inactivated
hepatitis A vaccine and defined anti-HAV IgG greater than 20mIU
as an outcome. Lack of sero-protection was demonstrated in 2/238
(0.84%) and 241/248 (97.18%) participants in the HAV vaccine and
control groups respectively (RR 0.01, 95% CI 0.00, 0.03) (Analysis
2.1).

Inactivated HAV vaccine (all included trials)

Two randomised clinical trials examining the inactivated hepatitis
A vaccine defined anti-HAV IgG greater than 20 mIU as an outcome
(Riedemann 1992; Innis 1994). At this threshold a meta-analysis of
these two trials showed that lack of sero-protection was demon-
strated in 2/362 (0.55%) and 367/377 (97.35%) participants in the
HAV vaccine and control groups respectively (RR 0.01, 95% CI 0.00,
0.03) (Analysis 2.1). The follow-up duration in these two trials was
17 and 7 months. A sensitivity analysis excluding the trial with the
shorter follow-up duration found that the result remained signifi-
cant. No trial investigating live attenuated vaccine met the inclu-
sion criteria.

Inactivated HAV vaccine (trials with low risk of bias, all included
studies)

No randomised clinical trial using the live attenuated vaccine met
the inclusion criteria for sero-protection as pre-defined in our re-
view protocol.

Adverse events

Serious adverse events (inactivated HAV vaccine)

No serious adverse events or deaths were reported in any partici-
pants receiving live attenuated HAV vaccines.

Non-serious local adverse events (inactivated HAV vaccine)

Four trials reported the outcome of local adverse events (pain, ten-
derness, warmth or redness) (Riedemann 1992; Werzberger 1992;
Innis 1994; Mayorga Pérez 2003). The total number of non-serious
local adverse was not available for one study (Innis 1994). A meta-
analysis of those trials at low risk of bias (Werzberger 1992; Mayor-
ga Pérez 2003) demonstrated that non-serious local adverse events
occurred in 61/652 (9.36%) versus 65/647 (10.04%) participants in
the HAV vaccine group and the control group respectively (RR 1.19,
95% CI 0.67 to 2.1) (Analysis 3.1). All trials using the inactivated HAV
vaccine (Riedemann 1992; Werzberger 1992; Innis 1994; Mayorga

Pérez 2003) demonstrated that non-serious local adverse events
occurred in 89/780 (11.41%) versus 76/779 (9.76%) participants in
the HAV vaccine group and the control group respectively (RR 1.21,
95% CI 0.86 to 1.70) (Analysis 3.1).

Non-serious systemic adverse events (inactivated HAV vaccine)

Systemic adverse events were reported in four trials (Riedemann
1992; Werzberger 1992; Innis 1994; Wu 1996; Mayorga Pérez 2003).
The total number of non-serious local adverse was not available for
two studies (Innis 1994; Wu 1996). A meta-analysis of the trials at
low risk of bias (Werzberger 1992; Mayorga Pérez 2003) demonstrat-
ed that systemic adverse events occurred in 29/652 (4.45%) versus
27/647 (4.17%) participants in the HAV vaccine group and the con-
trol group respectively (RR 1.09, 95% CI 0.67 to 1.78). A meta-analy-
sis of all trials (Riedemann 1992; Werzberger 1992; Innis 1994; May-
orga Pérez 2003) demonstrated that local adverse events occurred
in 49/780 (6.28%) versus 51/799 (6.38%) participants in the HAV vac-
cine group and the control group respectively (RR 0.98, 95% CI 0.68
to 1.41) (Analysis 3.2).

Serious adverse events (live attenuated HAV vaccine)

Only one trial reported a narrative description of a serious adverse
event. Yuan 1995 reported that one participant developed fever and
was admitted to hospital for both treatment and observation. The
participant had incorrectly received three doses of the live attenu-
ated HAV vaccine. No further data on serious adverse events were
available.

Non-serious local adverse events (live attenuated HAV vaccine)

One quasi-randomised study (Luo 2004) reported on the local ad-
verse events but data on the numbers affected were not available.

Non-serious systemic adverse events (live attenuated HAV vaccine)

One trial described "high grade fever" in one participant and "low
grade fever" in 22 participants receiving the live attenuated HAV
vaccine (Jiang 1995). No further comparative data were available
for this trial. One quasi-randomised controlled study described one
participant as developing a "skin eruption" that required treatment
with anti-histamines and another participant developing fever af-
ter vaccination with live attenuated vaccine. No further data on
non-serious adverse events were available (Wu 1996).

D I S C U S S I O N

This review has attempted to address the fundamental question
whether HAV vaccines protect people from hepatitis A. The findings
of this review demonstrate the paucity of trials that actually go on
to evaluate clinical protective efficacy. In contrast, there are a large
number of trials that use surrogate measures to imply protection.
Clearly, these are important issues for both clinicians and policy
makers to be aware of.

Summary of main results

Compared with placebo, inactive control or no intervention, inac-
tivated HAV vaccine demonstrated a significant protective effect
against clinical hepatitis A. The same seems to be true for live at-
tenuated (HAV) vaccine but, regarding this vaccine, all trials had a
high risk of bias. The size of the trials and the consistency of results
across a variety of different populations provided convincing evi-
dence that HAV vaccine is effective for preventing clinically appar-
ent hepatitis A.
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There are inevitable potential limitations of the outcome criteria
used in this review. Firstly, anti-HAV IgM can be detected two to
three weeks post-vaccination. Despite continued improvement in
the design of assays used to detect anti-HAV IgM, false positives
may occur as a result of IgM anti-IgG rheumatoid factor (Roque-
Afonso 2010). Secondly, the identification of clinically apparent he-
patitis A is dependent on the precise assessment of signs and symp-
toms of each participant; this is a potential source of error. Final-
ly, there is an ongoing debate as to what level of anti-HAV IgG con-
fers protection. Although the WHO currently indicates that the level
should be set between 10 to 20 mIU/L, they also acknowledge that
it remains uncertain whether levels less than 10 mIU/ml could also
be considered protective (WHO 2010a).

Subgroup analysis determined that HAV vaccine is effective in re-
gions of both high and low endemicity. No trial was conducted in re-
gions of intermediate endemicity. This may be an important omis-
sion given that the existing policy supporting widespread vaccina-
tion is focused on regions of intermediate endemicity. It should be
highlighted that the outcomes of this review are based on partici-
pants susceptible to HAV rather than whole populations. Whilst we
have reported NNT for susceptible individuals, we have not report-
ed numbers needed to vaccinate (NNV). This is because NNV incor-
porates the issues of herd immunity and annual event rates in un-
vaccinated individuals, which will vary from region to region.

This review found that vaccination with the inactivated HAV vaccine
had a significant effect on conferring sero-protective anti-HAV IgG.
Together with the finding from the clinical efficacy review it could
be argued that these findings support the theory that protection
depends on the production of protective antibodies. However, we
emphasise that this review was not designed to explore how anti-
body levels changed over time (or otherwise) and how this relates
to long-term clinical protection. It follows that we suggest caution
when interpreting these results. It has been reported that protec-
tion based on cellular immunity could persist after anti-HAV anti-
bodies become undetectable (Wang 2007). Once again, this high-
lights the need for trials to measure both clinical and laboratory
outcomes and not just unvalidated surrogate outcomes alone (Glu-
ud 2007).

There is a lack of trials with low risk of bias to conclude whether
or not live attenuated HAV vaccine has a significant risk of any ad-
verse events in comparison to placebo, adequate control, or no in-
tervention. A number of studies investigating adverse events in live
attenuated HAV vaccine used non-comparative study designs with
non-standardised definitions of what constituted an adverse event.
This paucity of high quality data for the live attenuated HAV vac-
cine is of particular concern given the theoretical possibility of vir-
ulent atavism where the attenuated virus reverts back to its 'wild
type'. The WHO highlight the need to conduct rigorous high-quali-
ty post-marketing surveillance in selected communities to measure
and monitor safety and adverse reactions (WHO 2010b). For the in-
activated HAV vaccine, no significant difference was noted for ei-
ther local or serious adverse events when compared to placebo, ap-
propriate control, or no vaccine. Although only one trial looked at
this outcome, the trial itself had low risk of bias and was appropri-
ately powered.

Overall completeness and applicability of evidence

Although a systemic approach was adopted toward identifying tri-
als for this review, it is possible that some trials may have been

missed. However, the findings from this review are broadly in
keeping with the systematic reviews conducted by Demicheli et al
(Demicheli 2003) and the meta-analysis conducted by Wang et al
(Wang 2008). Randomised clinical trials are not the only way that
the effectiveness of a vaccine can be determined and results from
randomised clinical trials should be interpreted together with oth-
er relevant data gathered over time. The epidemiology of the dis-
ease provides the essential context, including how epidemics occur
and patterns of susceptibility change. Further observations of mor-
bidity and mortality figures after the vaccine was introduced, and
changes seen in disease epidemiology when a vaccination program
is stopped, are also of vital importance. It is important to recognise
that a number of factors can influence transmission patterns in a
given population such as hygiene, herd immunity, and prevalence
of the virus.

Quality of the evidence

The nine included trials were of variable methodological quality
when assessed for adequacy of allocation sequence generation,
allocation concealment, blinding and inclusion of all randomised
participants. Some trials presented the results of subgroups with-
out presenting the unadjusted results for the whole intervention
and control groups. The revised CONSORT statement recommends
that unadjusted data should be reported if adjusted analyses are
presented (Campbell 2004). It is, therefore, possible that non-sig-
nificant results from trials are under-represented in the meta-
analyses.

Potential biases in the review process

Three cluster randomised clinical trials were identified, none of
which adequately adjusted for the effects of cluster randomisa-
tion (Jiang 1995; Yuan 1995; Meng 2000). Cluster randomisation
presents a number of challenges when it comes to systematic re-
views containing such trials. Much has been written regarding the
methodological quality of cluster randomised clinical trials and
their use in meta-analysis (Ukoumunne 1999; Adams 2004; Camp-
bell 2004). Campbell 2004 reminds us that these trials are com-
plex to design and calls for careful attention to analysis and statisti-
cal power. Because this meta-analysis includes cluster randomised
clinical trials with variable cluster types, it is essential to appreci-
ate how this may effect those interventions being evaluated. For
example, by conferring herd immunity the vaccine may be more
effective when given to all individuals in a group than when only
given to a third of the people. It is also important to be aware that
those participants within a cluster have a tendency to respond in
the same manner and their data cannot be assumed to be inde-
pendent of each other. None of the included cluster randomised
clinical trials made the necessary adjustment for clustering in their
analysis. Instead, they incorrectly analysed results as though the
individual was the allocation unit. If clusters are simply ignored,
then this 'unit-of-analysis error' results in artificially small P val-
ues (Whiting-O'Keefe 1984). This may result in false positive con-
clusions about the efficacy of the intervention. To address this, an
estimated intra-cluster correlation coefficient was applied as sug-
gested by the CHBG (Gluud 2012). However, the sensitivity analyses
demonstrated that both before and after adjustment the pooled
result reached significance for all analyses involving the clustered
trials.
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Agreements and disagreements with other studies or
reviews

This review is the first systematic review conducted using the
Cochrane Collaboration methodology to investigate the clinical
protective efficacy of vaccines for use against hepatitis A ,and
strengthens previous conclusions about vaccine effectiveness. A
previous systematic review (without meta-analysis) of inactivated
HAV vaccine has been published (Demicheli 2003). This included
eight trials and examined the effectiveness and safety of HAV vac-
cines in children and adults. The review concluded that although
the included trials were of poor design, there was evidence to sup-
port the clinical efficacy and safety of the inactivated HAV vaccine.
No conclusion could be made for the efficacy and safety of the live
attenuated HAV vaccine as only one trial of poor methodological
quality, that is, high risk of bias, was identified. A meta-analysis of
live attenuated vaccine has also been published (Wang 2008). The
meta-analysis identified 13 studies and concluded that live hepati-
tis A vaccine has good protective efficacy. The review did not ad-
dress vaccine safety.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Inactivated hepatitis A vaccines can markedly decrease the risk of
contracting hepatitis A in susceptible individuals. Live attenuated
hepatitis A vaccines seems to offer similar effects, but the results
are at risk of bias. Immunisation should be a priority for persons at
increased risk of acquiring hepatitis A. This meta-analysis demon-
strated significant protection for at least two years with the inacti-
vated HAV vaccine and at least five years with the live attenuated
HAV vaccine. This review provided evidence to support the safety
of the inactivated HAV vaccine. However, there was insufficient ev-
idence to comment on the safety of live attenuated vaccines.

Implications for research

Based on the evidence available in this review, we suggest the fol-
lowing are important considerations for future research.

• There remains a need for the development of a standard assay to
determine and compare antigen content of the inactivated HAV
vaccine between manufacturers.

• Standardised definitions of adverse events as defined by the
ICH-GCP should be followed when evaluating vaccines in future
trials (ICH-GCP 1997).

• There remains a need for well-designed randomised clinical tri-
als with a comparative trial design together with high-quali-
ty post-marketing surveillance looking at benefits and adverse
events following vaccination with live attenuated HAV vaccines.

• Clarification over the absolute protective level of anti-HAV
should be sought through systematic observation. In particular,
clarification is required on whether anti-HAV levels less than 10
mIU/ml could be protective.

• There remains a need for large, well-constructed randomised
clinical trials in regions of intermediate endemicity.

• The duration of protection following a single dose of vaccine
should be investigated further.

• Future trials should consider reporting patients with hepati-
tis by time since vaccination. The utility of this approach was
demonstrated by Werzberger 1992.

• If cluster randomisation is used then the total number of ran-
domisation units should be stated in the text.

• Future trials ought to be reported according to the CONSORT
guidelines (www.consort-statement.org).
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Characteristics of included studies [ordered by study ID]

 

Methods Randomised clinical trial.

Participants Children age 1 to 16 attending primary school. 40,119 participants were recruited. Of these 38,157 par-
ticipants entered surveillance and became the analysed cohort.

Interventions 1. Inactivated HAV vaccine (Havrix, SmithKine Beecham) (0,1,12 months). 20,028 participants were ran-
domised to this group. 19,037 participants received all doses as per protocol and entered surveillance.

2. Recombinant HBV vaccine (Engerix-B, SmithKine Beecham (0,1,12 months). 20,091 participants were
randomised to this group. 19,120 participants received all doses as per protocol and entered surveil-
lance.

Outcomes 1. Clinical hepatitis A (signs/symptoms consistent with hepatitis A, alanine aminotransferase levels of
45 U/L or higher, and IgM to HAV). Participants with the disease were identified by evaluating school ab-
sences of 2 or more days.

2. Adverse events (anaphylaxis, pain, headache, disturbed sleep, fever, local tenderness, red-
ness/swelling, rash). (Measured in subgroup of 1181 participants).

3. Immunogenicity (anti-HAV IgG).

Notes Location: Thailand.

Endemicity: high.

Follow-up: 532 days, multiple treatment.

Drop out : 6533 participants (33,586/40,119 (84%) at 532 days).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated block randomisation (block size 10).

Allocation concealment
(selection bias)

Low risk A colour code was used to label hepatitis A and control vaccines. Neither par-
ents of participants nor investigators knew the code.

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Described as double blind with adequate detail provided.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The numbers and reasons for dropouts and withdrawals in all intervention
groups were described.

Selective reporting (re-
porting bias)

Low risk Expected outcomes reported on.

Other bias Low risk Trial appears to be free of other sources of bias.

Innis 1994 
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Methods Cluster randomised clinical trial.

Participants School children age 0 to 18 years. 62,698 participants recruited.

Interventions 1. Attenuated live HAV vaccine (0 months) (H2 TCID50 106.0 and LA-1 TCID50 105.5. 31,421 participants
were randomised to this group.

2. Unvaccinated. 31, 277 participants were randomised to this group.

Additional note: 760 participants were vaccinated by mistake and 2081 participants who should have
received the vaccine did not receive it.

Outcomes 1. Clinical hepatitis A: Clinical symptoms and physical signs of hepatitis A, increase of ALT, and IgM-HAV
positive.

2. Adverse events.

Notes Location: Liuzhou, China.

Endemicity: high.

Follow-up: 2 years.

Drop out: unclear.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The trial is described as randomised but the method of sequence generation is
not specified. School class used as unit of randomisation.

Allocation concealment
(selection bias)

High risk Allocation sequence is known to the investigators who assigned participants.

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The final analysis includes all randomised participants. The report gave the
impression that there had been no dropouts or withdrawals, but this was not
specifically stated. However, only 32,148 of those in the intervention group
were actively followed-up (51%). For the remaining participants clinical he-
patitis A was identified through infectious disease reporting systems and hos-
pital records. Furthermore, 760 participants were vaccinated by mistake and
2081 participants who should have been vaccinated were not. The discussion
of how the above impacts on outcome data was considered inadequate.

Selective reporting (re-
porting bias)

Unclear risk Immunogenicity (anti-HAV IgG) not reported on.

Other bias High risk Did not adjust for cluster randomisation.

Jiang 1995 

 
 

Methods Randomised clinical trial.

Jiang 2001 
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Participants Healthy school children, age 7 to 12 years. 1080 participants were recruited.

Interventions 1. Attenuated live HAV vaccine (0 months) (LA-1 strain TCID50 high titre). 561 participants were ran-
domised to this intervention. Only 422 participants were vaccinated.

2. HBV vaccine 519 participants were randomised to this intervention. Only 401 participants received
the vaccine.

Outcomes 1. Clinical Hepatitis A: as per Law of the People's Republic of China on the prevention and treatment of
infectious disease (August, 1990), clinical symptoms and physical signs of hepatitis A, increase of ALT,
and IgM-HAV positive.

2. Adverse events.

Notes Location: Shanghai, China.

Endemicity: high.

Follow-up: 1 month.

Drop out: unclear.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk States individuals were randomly divided into two groups, but the method of
sequence generation is not specified.

Allocation concealment
(selection bias)

High risk The trial is unblinded, so that the allocation was known during the trial.

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Although the number of participant dropouts is provided the reason for this
is not fully provided. A total of 823/1080 (76%) completed the trial. No inten-
tion-to-treat analysis was conducted.

Selective reporting (re-
porting bias)

High risk Immunogenicity (anti-HAV IgG) and adverse events not reported on.

Other bias Unclear risk Insufficient information to assess whether other sources of bias are present.

Jiang 2001  (Continued)

 
 

Methods Cluster randomised clinical trial.

Participants Healthy primary and secondary school students seronegative for HAV. 564,442 participants were re-
cruited.

Interventions 1. Attenuated live HAV vaccine (0 months) (H2 TCID50 106.0 and H2 strain TCID50 106.7). 292,740 partici-
pants received the vaccine. 
2. Unvaccinated. 271,702 participants were unvaccinated controls.

Li 2000 
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Outcomes 1. Clinical hepatitis A: as per Law of the People's Republic of China on the prevention and treatment of
infectious. disease (August, 1990), clinical symptoms and physical signs of hepatitis A, increase of ALT,
and IgM-HAV positive.

2. Immunogenicity (anti-HAV IgG).

Notes Location: Shanghai, China.

Endemicity: high.

Follow-up: 3 years.

Drop out: unclear.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk States clusters were randomly divided into two groups but the method of se-
quence generation is not specified.

Allocation concealment
(selection bias)

High risk The trial is not blinded, so that the allocation was known during the trial.

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The final analysis includes all randomised participants. The report gave the
impression that there had been no dropouts or withdrawals, but this was not
specifically stated.

Selective reporting (re-
porting bias)

Unclear risk Adverse events not reported on.

Other bias Unclear risk Insufficient information to assess whether other sources of bias are present.

Li 2000  (Continued)

 
 

Methods A quasi-randomised study described as a randomised controlled trial by its authors. We have included
the study for the report of adverse events only.

Participants Children age 1 to 12, sero-negative for anti-HAV: 30,040 participants recruited.

Interventions 1. Attenuated live HAV vaccine (0 months) (LA-1 strain TCID50 106.5). 15,779 participants received this
vaccine.

2. Typhoid vaccine. 14,261 participants received this vaccine.

Outcomes 1. Clinical hepatitis A : signs and symptoms, IgM-HAV positive.

2. Adverse events.

Notes Location: Guangxi, China.

Endemicity: high.

Follow-up: 5 years.

Luo 2004 
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Drop out: unclear.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk The sequence is generated according to odd or even data of birth month. Par-
ticipants born in even month who refused placebo were put into a third group.
Also a number of participants declined vaccination as a fee was charged for
the vaccine whilst others were wrongly vaccinated.

Allocation concealment
(selection bias)

Unclear risk The trial is described as randomised. However, the method used to conceal
the allocation is not described.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk States parents of children and medical staL did not know grouping detail.
However, the method of blinding was not fully discussed.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The final analysis includes all randomised participants. The report gave the
impression that there had been no dropouts or withdrawals, but this was not
specifically stated.

Selective reporting (re-
porting bias)

Unclear risk Immunogenicity (anti-HAV IgG) not reported on.

Other bias High risk Those participants with hepatitis A were identified through epidemic reports
and medical records rather than active follow-up of all participants.

Luo 2004  (Continued)

 
 

Methods Randomised clinical trial.

Participants Children 1.5 to 6 years who were negative for antibodies to HAV. 274 participants were recruited.

Interventions 1. Inactivated HAV vaccine (Virosome) (0 months). 137 participants received this vaccine.

2. Placebo (virosome suspension). 137 participants received the placebo.

Outcomes 1. IgM-HAV positive.

2. Clinical hepatitis: IgM-HAV; glutamic-pyruvic transaminase level of at least twice the normal upper
limit, and 1 or more clinical sign consistent with hepatitis: icterus, clay-coloured; stools, or dark urine. 
3. Adverse events: pain, redness, swelling, induration, malaise, fatigue. 
4. Immunogenicity (anti-HAV IgG).

Notes Location: Nicaragua.

Endemicity: high.

Follow-up: 15 months.

Drop out: 2 participants.

Addtional notes: denominator for intention-to-treat analysis reported as 136 participants for both inac-
tivated and placebo groups.

Risk of bias

Mayorga Pérez 2003 

Hepatitis A immunisation in persons not previously exposed to hepatitis A (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

40



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The randomisation code was centrally prepared with an equal probability of
assignment to the groups, by use of random permuted blocks of size 4.

Allocation concealment
(selection bias)

Low risk Numbered syringes containing vaccine or placebo with identical appearance
were used. Investigators enrolling children in Nicaragua allocated the next
available number at entry into the trial. Neither the participants nor research
team were aware of group assignments.

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Numbered syringes containing vaccine or placebo with identical appearance
were used. Investigators enrolling children in Nicaragua allocated the next
available number, at entry into the trial. Neither the participants or research
team were aware of group assignments.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The numbers and reasons for dropouts and withdrawals in all intervention
groups were described. An intention-to-treat analysis was conducted and de-
scribed in adequate detail.

Selective reporting (re-
porting bias)

Low risk Expected outcomes reported on.

Other bias Low risk Trial appears to be free of other sources of bias.

Mayorga Pérez 2003  (Continued)

 
 

Methods Cluster and individually randomised clinical trial.

Participants Children age 1 to 12. 12,036 participants were recruited.

Interventions 1. Attenuated live HAV vaccine (0 months) (H2 strain TCID50 106.5). 5551 participants were received the
vaccine

2. Unvaccinated. 6485 participants went unvaccinated as controls.

Outcomes 1. Clinical hepatitis A (signs / symptoms consistent with hepatitis A, rise in ALT and IgM to HAV).

2. Immunogenicity (anti-HAV IgG).

Notes Location: Hebei, China.

Endemicity: high.

Follow-up: 5 years.

Drop out: unclear.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The trial is described as randomised but the method of sequence generation is
not specified.

Allocation concealment
(selection bias)

Unclear risk The trial is described as randomised. However, the method used to conceal
the allocation is not described.

Meng 2000 
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Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The final analysis includes all randomised participants. The report gave the
impression that there had been no dropouts or withdrawals. However, this
was not specifically stated. However, those participants with clinical hepatitis
A were identified through epidemic reports and medical records rather than
active follow-up of all participants.

Selective reporting (re-
porting bias)

Unclear risk Does not report on adverse events.

Other bias High risk Did not adjust for cluster randomisation.

Meng 2000  (Continued)

 
 

Methods Randomised controlled trial.

Participants Children aged 6 to 15 years in good health; normal ALT/AST. 260 participants were recruited.

Interventions 1. Inactivated HAV vaccine (Havrix, GSK) (0,1,6 months). 128 participants received the vaccine.

2. Recombinant HBV vaccine (Engerix-B GSK (identical). 132 participants received the vaccine.

Outcomes 1. Clinical hepatitis A (IgM to HAV).

2. Averse events (fever, headache, malaise, anorexia, nausea, vomiting, any symptoms).

3. Immunogenicity (anti-HAV IgG).

Notes Location: Chile

Endemicity: high.

Follow-up: 12 months, multiple treatment.

Trial conducted under increased hygiene measure as result of earlier cholera outbreak.

Drop out: 4 participants.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk The trial is described as randomised, but the method of sequence generation
is not specified.

Allocation concealment
(selection bias)

High risk A colour code was used to label hepatitis A and control vaccines. From the de-
scription provided those involved in the trial could have determined the allo-
cation sequence.

Blinding (performance
bias and detection bias) 
All outcomes

Unclear risk Described as double blind. However, the method of blinding not fully de-
scribed.

Riedemann 1992 
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Incomplete outcome data
(attrition bias) 
All outcomes

Low risk The numbers and reasons for dropouts and withdrawals in all intervention
groups were described.

Selective reporting (re-
porting bias)

Low risk Expected outcomes reported on.

Other bias Low risk Trial appears to be free of other sources of bias.

Riedemann 1992  (Continued)

 
 

Methods Randomised clinical trial.

Participants Seronegative children aged 2 to 16 years. 1037 participants were recruited.

Interventions 1. Inactivated HAV vaccine (Merck) (0,1,6 months). 519 participants received the vaccine.

2. Placebo (aluminium hydroxide dilutant). 518 participants received the vaccine.

Outcomes 1. Clinical hepatitis A (one or more signs/symptoms consistent with hepatitis A; ALT twice level of nor-
mal during episodic illness due to no other cause; IgM to HAV). 
2. Adverse events (fever, headache, malaise, anorexia, nausea, vomiting, any symptoms). 
3. Immunogenicity (anti-HAV IgG).

Notes Location: New York (Hasidic Jewish community).

Endemicity: low.

Follow-up: 12 months.

Drop out: none.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Sequence generation achieved using random number generation.

Allocation concealment
(selection bias)

Low risk Randomisation code was not revealed to any study personnel, the manufac-
turer's research staL, participants or their parents/guardians until the termina-
tion of the study. When labelled with the numbers the vials of the vaccine and
placebo were indistinguishable.

Blinding (performance
bias and detection bias) 
All outcomes

Low risk Randomisation code was not revealed to any study personnel, the manufac-
turer's research staL, participants or their parents/guardians until the termina-
tion of the study. When labelled with the numbers the vials of the vaccine and
placebo were indistinguishable.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk It was specified that there were no dropouts or withdrawals.

Selective reporting (re-
porting bias)

Low risk Expected outcomes reported on.

Werzberger 1992 

Hepatitis A immunisation in persons not previously exposed to hepatitis A (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

43



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Other bias Low risk Trial appears to be free of other sources of bias.

Werzberger 1992  (Continued)

 
 

Methods A quasi-randomised study described as a multi-centre individually randomised controlled trial by its
authors. We have included the study for the report of adverse events only.

Participants Class 1 to 3 elementary students and kindergarten class students, sero-negative for anti-HAV: 54,746
participants were recruited.

Interventions 1. Attenuated live HAV vaccine (0 months) (H2 TCID50 104.0). 17,733 participants received the vaccine

2. Attenuated live HAV vaccine (0 months) (LA-1 strain TCID50 105.5). 18,397 participants received this
vaccine.

3. Unvaccinated: 18,616 participants went unvaccinated as controls.

Outcomes 1. Clinical hepatitis A: as per Law of the People's Republic of China on the prevention and treatment of
infectious disease (August, 1990), clinical symptoms and physical signs of hepatitis A, increase of ALT,
and IgM-HAV positive.

2. Immunogenicity (anti-HAV IgG).

3. Adverse events.

Notes Location: Taicang, Zhang, Jiagang, Kushan, Cahngshu, Dongtai in China.

Endemicity: high.

Follow-up: unclear - at least 507 days.

Drop out: unclear.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk For individuals the sequence was generated according to odd or even data of
birth month.

Allocation concealment
(selection bias)

High risk Unblinded trial.

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk The report gave the impression that there had been no dropouts or with-
drawals. However, this was not specifically stated.

Selective reporting (re-
porting bias)

Low risk Expected outcomes reported on.

Other bias High risk It was whether all included participants were screened for anti-HAV IgG. Only
4269 participants were actively followed up for serological testing. Hospital re-
ports, epidemic reports and school absence registers were used to identify the

Wu 1996 

Hepatitis A immunisation in persons not previously exposed to hepatitis A (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

44



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

remaining participants with clinical hepatitis A. Furthermore 4026 participants
who were grouped into vaccine group were not vaccinated and 761 persons in
the control group were wrongly vaccinated. There is little discussion of how
the above impacts on outcome data.

Wu 1996  (Continued)

 
 

Methods Cluster randomised clinical trial.

Participants Factory workers and primary students. Total initially recruited is unclear.

Interventions 1. Attenuated live HAV vaccine (0 months) LA-1 strain TCID50 106.5. 29,721 participants received the
vaccine.

2. Unvaccinated. 31,964 participants.

Outcomes 1. Clinical hepatitis A (signs/symptoms consistent with hepatitis A, and IgM to HAV).

2. Immunogenicity (anti-HAV IgG).

3. Adverse events.

Notes Location: Kunming, Zhejiang, Changchun, China.

Follow-up: 2 years.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk States students were randomly assigned numbers and odd number were allo-
cated to intervention group. For the factory groups the sequence generation
method is unclear.

Allocation concealment
(selection bias)

High risk Allocation sequence was known to the investigators who assigned partici-
pants.

Blinding (performance
bias and detection bias) 
All outcomes

High risk Unblinded trial.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Paper does adequately describe number of participants initially included and
randomised. The report gave the impression that there had been no dropouts
or withdrawals, but this was not specifically stated.

Selective reporting (re-
porting bias)

Low risk Expected outcomes reported on.

Other bias High risk Did not adjust for cluster randomisation.

Yuan 1995 

ALT: Alanine aminotransferase.
AST: Aspartate aminotransferase.
HAV: Hepatitis A virus.
IgG: Immunoglobulin G.
IgM: Immunoglobulin M.
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TCID50: Median tissue culture infective dose; that amount of a pathogenic agent that will produce a pathological change in 50% of cell
cultures.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abarca 2001a Non-randomised clinical trial eliciting the serological effectiveness of a two dose inactivated HAV
vaccine regimen (Havrix, GSK ) (inadequate comparator).

Abarca 2001b Non-randomised clinical trial eliciting the serological effectiveness of a two dose inactivated HAV
vaccine regimen (Havrix, GSK) (inadequate comparator intervention).

Ambrosch 1994 Non-randomised clinical trial eliciting the serological effectiveness in three groups : combined HAV
+ HBV vaccine versus separate HAV / HBV vaccine versus individual HAV / HBV vaccine regimen (in-
adequate comparator intervention).

Andre 2001 Editorial review looking in response to a randomized, cross-over, controlled comparison of two in-
activated hepatitis A vaccines (Epaxal, Crucell) and (Havrix, GSK).

Anonymous 2008 Randomised control trial comparing inactivated HAV vaccine (VAQTA, Sanofi Pasteur) versus HAV
Immunoglobulin (inadequate comparator intervention)

Armstrong 1993 Editorial review looking at inactivated HAV vaccine (VATQA, Merck).

Arslan 2001 Non-randomised clinical trial eliciting the serological effectiveness of a two dose inactivated HAV
vaccine (VAQTA, Sanofi Pasteur) regimen in liver transplant recipients (inadequate comparator in-
tervention).

Ashur 1999 Randomised controlled trial comparing varying doses of inactivated HAV vaccine (Havrix, GSK) and
(VAQTA, Sanofi Pasteur) (inadequate comparator intervention).

Beran 2000 Randomised trial comparing three lots of combined HAV + typhoid vaccine (Hepatyrix, GSK) (inade-
quate comparator intervention).

Beran 2003 Randomised controlled trial comparing inactivates HAV (Avaxim, Sanofi Pasteur) + combined HAV /
typhoid vaccine (Vivaxam, Sanofi Pasteur) versus inactivated HAV (Avaxim, Sanofi Pasteur) (inade-
quate comparator intervention).

Black 2004 Passive observational study. All participants received inactivated HAV vaccine (VATQA, Sanofi Pas-
teur).

Bovier 1999 Randomised cross over clinical trial comparing virosomal HAV vaccine (Epaxal, Crucell) + Yellow
fever vaccine (Stamaril, Sanofi Pasteur) versus virosomal HAV vaccine (Epaxal, Crucell) (inadequate
comparator intervention).

Bovier 2005 Randomised cross over clinical trial comparing virosomal HAV vaccine (Epaxal, Crucell) versus inac-
tivated HAV vaccine (Havrix, GSK) (inadequate comparator intervention)

Branconier 1999 Randomised control trial comparing inactivated HAV vaccine produced by different manufacturers
(Havrix, GSK) and (VAQTA, Sanofi Pasteur) (inadequate comparator intervention).

Brown 1999 Randomised control trial comparing inactivated HAV vaccine versus HAV Immunoglobulin versus
inactivated HAV vaccine + immunoglobulin (inappropriate comparator intervention).

Bruguera 1996 Clinical trial comparing yellow fever + HAV vaccine versus HAV vaccine (inadequate comparator in-
tervention).
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Study Reason for exclusion

Bryan 1998 Randomised control trial comparing inactivated HAV vaccine versus inactivated HAV from different
manufacturers (Havrix, GSK) and (VAQTA, Sanofi Pasteur) (inadequate comparator intervention).

Bryan 2000 Randomised cross over trial. Four groups comparing combinations of inactivated HAV vaccine from
two manufacturers (Havrix, GSK) and (VAQTA, Sanofi Pasteur) (inadequate comparator interven-
tion).

Burgess 2001 Randomised control trial comparing two dosing regimens for combined HAV + HBV vaccine (Twin-
rix, GSK) (inadequate comparator intervention).

Chen 1997 Randomised control trial comparing two dosing regimens for inactivated HAV vaccine (VAQTA,
Sanofi Pasteur) (inadequate comparator intervention).

Clarke 2001 A randomised control trial comparing two inactivated HAV vaccines (Avaxim, Sanofi Pasteur) or
(VAQTA, Sanofi Pasteur) when given as a booster to patients primed with inactivated HAV vaccine
(Avaxim, Sanofi Pasteur) (inadequate comparator intervention).

Clarke 2006 Randomised control trial comparing virosomal adjuvant HAV vaccine (Epaxal, Crucell) with inacti-
vated vaccine (Havrix, GSK) (inadequate comparator intervention).

Connor 2001 Randomised control trial comparing boosting effect of inactivated HAV vaccine from different man-
ufacturers (Havrix, GSK) or (VAQTA, Sanofi Pasteur) in patients already primed with inactivated HAV
vaccine (Havrix, GSK) (inadequate comparator intervention).

Connor 2007 Randomised control trial eliciting the serological effectiveness in two groups : combined HAV + HBV
vaccine versus separate HAV / HBV vaccine (inadequate comparator intervention).

Dagan 2007 Randomised control trial comparing virosomal adjuvant HAV vaccine (Epaxal, Crucell) + childhood
vaccinations versus inactivated HAV (Havrix, GSK) + childhood vaccinations versus adjuvant HAV
vaccine alone (Havrix, GSK) (inadequate comparator intervention).

De Artaza 2009 Non-randomised clinical study looking at adverse event and serological efficacy of HAV vaccine and
HBV vaccine in patients with chronic liver disease (inadequate comparator intervention).

DeFraites 1995 Randomised control trial comparing three varying vaccination regimens with inactivated HAV vac-
cine (inadequate comparator intervention).

Diaz 1996 Editorial review looking at inactivated HAV vaccine.

Dulat 1996 Non randomised clinical trial looking at seroprevalence rates following vaccination with inactivat-
ed HAV.

El-Karaksy 2006 Non randomised clinical trial looking at adverse events and serological efficacy of inactivated HAV
(Havrix, GSK) in children with chronic liver disease.

Fafi-Kremer 2008 Editorial discussion of trial comparing inactivated HAV vaccine versus HAV immunoglobulin in post
exposure patients.

Ferreira 2003 Non randomised clinical trial looking at adverse events and serological efficacy of inactivated HAV
(Havrix, GSK) in children with chronic liver disease.

Ferreira 2004 Non randomised clinical trial looking at adverse events and serological efficacy of inactivated HAV
(Havrix, GSK) in children with Down syndrome.

Fisch 1996 Non randomised clinical trial comparing three administration routes of inactivated HAV vaccine.
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Study Reason for exclusion

Fleischmann 2002 Non randomised clinical trial comparing two administration routes of inactivated HAV vaccine
(Havrix, GSK) in patients with end stage renal failure.

Gil 1996 Randomised control trail comparing inactivated HAV vaccine (SmithKine Beecham) versus inacti-
vated HAV vaccine (GSK) + yellow fever vaccine (Pasteur 
Merieux) (inadequate comparator intervention).

Goilav 1995 Randomised control trial comparing two inactivated HAV vaccines from different manufacturers
(Sanofi Pasteur) (GSK) (inadequate comparator intervention).

Gong 2000 Quasi randomised trial comparing inactivated HAV with placebo control. Did not include adverse
events as an outcome.

Gong 2003 Quasi randomised trial comparing inactivated HAV with placebo control. Did not include adverse
events as an outcome.

Goubau 1992 Randomised control trial comparing inactivated HAV vaccine produced from two different strains
(inadequate comparator intervention).

Guptan 2002 Randomised controlled trial eliciting the serological effectiveness in two groups: combined HAV /
HBV vaccine versus combined HAV / HBV vaccine (Twinrix, GSK) (inadequate comparator interven-
tion).

Holzer 1996 Randomised control trial comparing virosomal adjuvant HAV vaccine (Epaxal, Crucell) with inacti-
vated vaccine (Harvix, GSK) (inadequate comparator intervention).

Hornick 2001 Randomised control trial comparing three booster regimens of inactivated HAV vaccine (VAQTA,
Sanofi Pasteur) (inadequate comparator intervention).

Jiang 2008 Randomised control trial eliciting the serological effectiveness in four groups: three consecutive
lots of Healive® and one HAV vaccine control (inadequate comparator intervention).

Joines 2001 Randomised control trial eliciting the serological effectiveness in two groups : combined HAV + HBV
vaccine (Twinrix, GSK) versus separate HAV / HBV vaccine (Havrix, GSK) and (Engerix, GSK) (inade-
quate comparator intervention).

Kallinowski 1992 Randomised control trial comparing three consecutive lots of inactivated HAV vaccine (GSK) (inad-
equate comparator intervention).

Kallinowski 2000 Randomised control trial eliciting the serological effectiveness in two groups: combined HAV + HBV
vaccine (Twinrix, GSK) versus separate HAV / HBV vaccine (Havrix+Engerix, GSK) or (VAQTA+ H-B-
Vax, Sanofi Pasteur) (inappropriate comparator intervention).

Kallinowski 2003 Randomised control trial eliciting the serological effectiveness in two groups in patients with
chronic Hepatitis C : combined HAV + HBV vaccine versus separate HAV / HBV vaccine (inappropri-
ate comparator intervention).

Landry 2000 Non randomised controlled trial eliciting the serological effectiveness inactivated HAV vaccine regi-
men (Havrix, GSK) in travellers.

Lee 1999 Randomised cross over trial. Four groups comparing combinations of inactivated HAV vaccine from
two manufacturers (inappropriate comparator intervention).

Lee 2000 Non randomised phase III clinical trial of inactivated HAV vaccine (AVAXIM, Sanofi Pasteur).
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Study Reason for exclusion

Leroux-Roels 1996 Randomised control trial comparing three lots of combined HAV + HBV (inappropriate comparator
intervention).

Lin 1997 Quasi randomised trial comparing live attenuate HAV vaccine with unvaccinated control. Did not
consider adverse events as an outcome.

Lo 1996 Randomised control trial comparing three inactivated HAV vaccine (Merck) regimens (inappropri-
ate comparator intervention).

Lolekha 2003 Randomised control trial comparing three inactivated HAV vaccine regimens (Avaxim, Sanofi Pas-
teur) (inappropriate comparator intervention).

Lopez 2007 Randomised control trial comparing two dosing regimens for inactivated HAV vaccine (Avaxim,
Sanofi Pasteur) (inappropriate comparator intervention).

Lu 1999 Randomised control trial comparing two dosing regimens for inactivated HAV vaccine (VAQTA,
Sanofi Pasteur) (inappropriate comparator intervention).

Mallet 2000 Randomised control trial comparing hexavalent combined vaccine (Hexavac, Sanofi Pasteur) with
reference vaccine (Pentavax + H-B-Vax II, Sanofi Pasteur) (inappropriate comparator intervention).

Newcomer 1994 Non randomised clinical trial comparing 3 groups of inactivated HAV vaccine (VAQTA, Sanofi Pas-
teur) with varying protein content (inappropriate comparator intervention)

Nothdruft 2002 Randomised control trial eliciting the serological effectiveness in two groups: combined HAV + HBV
vaccine (Twinrix, GSK) versus separate HAV / HBV vaccine (Havrix + Engrix, GSK) (inappropriate
comparator intervention).

Orr 2006 Randomised controlled trial comparing varying dosing regimens of inactivated HAV vaccine
(VATQA, Sanofi Pasteur) or (Avaxim, Sanofi Pasteur) (inappropriate comparator intervention).

Overbosch 2005 Randomised controlled trial comparing combined HAV + typhoid vaccine (Viatim, Sanofi Pasteur)
versus combined HAV vaccine followed by HAV + typhoid vaccine (inappropriate comparator inter-
vention).

Poovorawan 1995 Uncontrolled clinical trail eliciting serological effectiveness and adverse events in participants re-
ceiving virosomal HAV vaccine.

Poovorawan 1996 Randomised controlled trial comparing varying dosing regimens of inactivated HAV vaccine
(Havrix, GSK) (inappropriate comparator intervention).

Poovorawan 1998 Randomised controlled trial comparing varying dosing regimens of inactivated HAV vaccine (inap-
propriate comparator intervention).

Prado 2002 Randomised clinical trial comparing 3 lots of combined HAV + HBV vaccine (Twinerix, GSK) (inap-
propriate comparator intervention).

Proell 2003 Randomised clinical trial comparing varying combined HAV + HBV + typhoid vaccine (Twinrix, GSK)
and (Typherix, GSK) versus separate HAV + HBV / typhoid vaccine (Twinrix, GSK) and (Typherix,
GSK) (inappropriate comparator intervention).

Ragni 2000 Randomised control trial comparing inactivated HAV vaccines (Havrix, GSK) given by different
routes (inappropriate comparator intervention).

Rajan 1995 Randomised trial comparing three lots of inactivated HAV (Havrix, GSK) (inappropriate comparator
intervention).
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Study Reason for exclusion

Rajan 1996 Randomised trial comparing three lots of inactivated HAV (Havrix, GSK) (inappropriate comparator
intervention).

Ramonet 2002 Randomised control trial eliciting the serological effectiveness in three groups: combined HAV +
HBV vaccine versus individual HAV / HBV vaccine regimen (Harvix, Engerix, GSK) (inappropriate
comparator intervention).

Ran 1993 Non randomised clinical trial eliciting the serological effectiveness live attenuated HAV vaccine (H2
strain) administered by different routes (inappropriate comparator intervention).

Ren 2002 Randomised control trial comparing two dosing regimens for inactivated HAV vaccine (Havrix, GSK)
(inappropriate comparator intervention).

Rieger 2004 Randomised control trial eliciting the serological effectiveness in two groups: combined HAV + HBV
vaccine versus separate HAV / HBV vaccine(inappropriate comparator intervention).

Roberton 2005 Randomised control trial eliciting the serological effectiveness in two groups: combined HAV + HBV
vaccine (Twinrix, GSK) versus separate HAV / HBV vaccine (GSK) (inappropriate comparator inter-
vention).

Sagliocca 1999 Randomised control trial comparing HAV versus unvaccinated control. Adequate control but post
exposure study.

Shen 2008 Non randomised clinical trial eliciting the serological effectiveness of inactivated HAV vaccine regi-
men (Healive, Sinovac Biotech).

Shouval 1993 Randomised control trial comparing HAV immunoglobulin versus HAV Immunoglobulin + vaccine
(inappropriate comparator intervention).

Shouval 1997 Randomised control trial comparing inactivated HAV vaccine produced by different manufacturers
(VAQTA, Sanofi-Pasteur) and (Havrix, GSK) (inappropriate comparator intervention).

Shouval 1999 Editorial review looking at HAV vaccine for secondary prevention.

Soysal 2007 Randomised control trial comparing interchangeability of inactivated HAV vaccines produced by
different manufacturers (Havrix, GSK) (VAQTA, Sanofi Pasteur) (following an initial dose of (Avaxim,
Sanofi Pasteur) (inappropriate comparator intervention).

Srivastava 2008 Editorial on randomised control trial comparing virosomal HAV vaccine (VAQTA, Sanofi Pasteur )
versus HAV Immunoglobulin (inappropriate comparator intervention).

Stojanov 2007 Randomised control trial comparing two inactivated HAV vaccine regimens (VAQTA, Sanofi Pas-
teur) when given with a hexavalent vaccine (Hexavac, Sanofi Pasteur) (inappropriate comparator
intervention).

Su 2000 Randomised control trial comparing injection site pain tools (inappropriate comparator interven-
tion).

Theilmann 1992 Randomised control trial comparing three lots of inactivated HAV vaccine. (inappropriate compara-
tor intervention).

Thoelen 1999 Editorial review looking at combined HAV + HBV vaccine (Twinrix, GSK).

Thompson 1998 Randomised control trial comparing two lots of combined HAV + HBV (Twinrix, GSK) (inappropriate
comparator intervention).
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Study Reason for exclusion

Tilzey 1992 Randomised control trial comparing two vaccination schedules with inactivated HAV vaccine (inap-
propriate comparator intervention).

Tilzey 1996 Randomised control trial eliciting the serological effectiveness and safety of inactivated HAV vac-
cine (Havrix, GSK) in two groups : HIV positive patients and negative patients with haemophilia. (in-
appropriate comparator intervention).

Tong 1993 Randomised control trial comparing three vaccination schedules with inactivated HAV vaccine
(Havrix, GSK) (inappropriate comparator intervention).

Tsai 2000 Randomised control trial eliciting the serological effectiveness in three groups : combined HAV +
HBV vaccine (GSK) versus separate HAV / HBV vaccine (Havrix, Engerix, GSK) (inappropriate com-
parator intervention).

Van Damme 1994a Randomised control trial comparing three vaccination schedules with inactivated HAV vaccine (in-
appropriate comparator intervention).

Van Damme 1994b Uncontrolled clinical trail eliciting serological effectiveness and adverse events in participants re-
ceiving inactivated HAV vaccine (Havrix, GSK).

Van Damme 1996 Uncontrolled clinical trail eliciting serological effectiveness and adverse events in participants re-
ceiving inactivated HAV vaccine.

Van der Wielen 2006 Randomised control trial eliciting the serological effectiveness combined HAV + HBV vaccine (Twin-
rix, GSK) versus separate HAV / HBV vaccine (Havrix, Engerix, GSK) and (VAQTA, H-B VAX, Sanofi Pas-
teur) (inappropriate comparator intervention).

Van der Wielen 2007 Randomised trial comparing inactivated HAV vaccines produced by different manufacturers
(Havrix, GSK) and (Epaxal, Crucell) (inappropriate comparator intervention).

Van Hervk 1999 Randomised control trial comparing combined HAV / HBV vaccine (Twinrix, GSK) versus HAV Im-
munoglobulin (inappropriate comparator intervention).

Vidor 1996 Randomised control trial comparing results from radio-immunoassay and enzyme linked im-
munosorbent assay following vaccination with inactivated HAV vaccine (Havrix, GSK) (inappropri-
ate comparator intervention).

Vidor 1998 Randomised control trial comparing results from radio-immunoassay and enzyme linked im-
munosorbent assay following vaccination with inactivated HAV vaccine (Avaxim, Sanofi Pasteur)
(inappropriate comparator intervention).

Vodopija 1997 Randomised control trial comparing HAV vaccine (Havrix, GSK) + typhoid vaccine (Typhim Vi,
Sanofi Pasteur) versus separate HAV / Typhoid vaccines (inappropriate comparator intervention).

Wagner 1993 Randomised control trial comparing HAV vaccine versus HAV Immunoglobulin + HAV vaccine (inap-
propriate comparator intervention).

Wallace 2001 Randomised control trial comparing interchangeability of inactivated HAV vaccine produced by dif-
ferent manufacturers (Havrix, GSK) (VAQTA, Sanofi Pasteur) following an initial dose of inactivated
HAV vaccine (Havrix, GSK) (inappropriate comparator intervention) .

Wang 2004 Randomised control trial comparing inactivated HAV vaccine (Havrix, GSK) versus live attenuated
HAV vaccine (Zhepu, Pukang Biotechnological Co) (inappropriate comparator intervention).

Weinberg 2006 Non randomised clinical trial eliciting the serological effectiveness of a three dose regimen of inac-
tivated HAV vaccine (Havrix, GSK) .
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Westblom 1994 Randomised controlled trial comparing varying doses and schedules of inactivated HAV vaccine
(inappropriate comparator intervention).

Wiedermann 1994 Randomised control trial comparing inactivated HAV vaccine (Havrix, GSK) stored at different tem-
peratures (inappropriate comparator intervention).

Wiedermann 1997 Randomised controlled trial comparing varying doses of inactivated HAV vaccine (inappropriate
comparator intervention).

Williams 2000 Randomised control trial comparing inactivated HAV vaccine (Havrix, GSK) administered via two
different routes (inappropriate comparator intervention).

Wolters 2009 Non randomised clinical trial eliciting the serological effectiveness of combined HAV + HBV vaccine
(Twinrix, GSK). Does not consider primary outcome.

Xu 1998 Quasi randomised trial comparing inactivated HAV with Typhoid fever Vi vaccine and unvaccinated
controls. Did not include adverse events as an outcome.

Xu 2002 Quasi randomised trial comparing inactivated HAV with placebo control. Did not include adverse
events as an outcome.

Zanetti 1997 Randomised control trial comparing inactivated HAV vaccine (Sanofi Pasteur) versus HAV Im-
munoglobulin versus inactivated HAV vaccine (inappropriate comparator intervention).

Zhang 1994 Quasi randomised trial comparing inactivated HAV with unvaccinated control. Did not include ad-
verse events as an outcome.

Zhang 2001 Quasi randomised trial comparing inactivated HAV with unvaccinated control. Did not include ad-
verse events as an outcome.

Zhao 2000 (a) Abstract. Non randomised clinical trial eliciting the clinical effectiveness of live attenuated HAV
vaccine regimen.

Zhao 2000 (b) Non randomised clinical trial eliciting the clinical effectiveness of live attenuated HAV vaccine (H2
strain) regimen.

Zuckerman 1996 Randomised control trial comparing two mono-dose HAV vaccines (inappropriate comparator in-
tervention).

Zuckerman 1997 Randomised control trial comparing inactivated HAV vaccine produced by different manufacturers
(Avaxim, Sanofi Pasteur and Havrix, GSK) (inappropriate comparator intervention).

Zuckerman 1998 Randomised control trial comparing inactivated HAV vaccine produced by different manufacturers
(Havrix, SmithKine Beecham) (Avaxim, Sanofi Pasteur) following initial vaccination with inactivated
HAV vaccine (Havrix, GSK) (inappropriate comparator intervention).
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Comparison 1.   Clinical hepatitis A

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 All vaccine types 9 732380 Risk Ratio (M-H, Random, 95% CI) 0.09 [0.05, 0.17]

1.1 Low risk of bias 3 41430 Risk Ratio (M-H, Random, 95% CI) 0.09 [0.03, 0.30]

1.2 High risk of bias 6 690950 Risk Ratio (M-H, Random, 95% CI) 0.09 [0.04, 0.19]

2 Inactivated HAV vaccines 4 41690 Risk Ratio (M-H, Random, 95% CI) 0.12 [0.05, 0.31]

2.1 Low risk of bias 3 41430 Risk Ratio (M-H, Random, 95% CI) 0.09 [0.03, 0.30]

2.2 High risk of bias 1 260 Risk Ratio (M-H, Random, 95% CI) 0.34 [0.04, 3.26]

3 Live attenuated HAV vaccine 5 690690 Risk Ratio (M-H, Random, 95% CI) 0.07 [0.03, 0.17]

3.1 Low risk of bias 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

3.2 High risk of bias 5 690690 Risk Ratio (M-H, Random, 95% CI) 0.07 [0.03, 0.17]

4 High titre live attenuated HAV vac-
cine

2 62270 Risk Ratio (M-H, Random, 95% CI) 0.03 [0.02, 0.06]

4.1 Low risk of bias 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

4.2 High risk of bias 2 62270 Risk Ratio (M-H, Random, 95% CI) 0.03 [0.02, 0.06]

5 Low titre live attenuated HAV vaccine 3 628420 Risk Ratio (M-H, Random, 95% CI) 0.11 [0.05, 0.26]

5.1 Low risk of bias 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

5.2 High risk of bias 3 628420 Risk Ratio (M-H, Random, 95% CI) 0.11 [0.05, 0.26]

6 High endemicity 8 731343 Risk Ratio (M-H, Random, 95% CI) 0.08 [0.04, 0.15]

6.1 Low risk of bias 2 40393 Risk Ratio (M-H, Random, 95% CI) 0.05 [0.01, 0.17]

6.2 High risk of bias 6 690950 Risk Ratio (M-H, Random, 95% CI) 0.09 [0.04, 0.19]

7 Low endemicity 1 1037 Risk Ratio (M-H, Random, 95% CI) 0.19 [0.08, 0.42]

7.1 Low risk of bias 1 1037 Risk Ratio (M-H, Random, 95% CI) 0.19 [0.08, 0.42]

7.2 High risk of bias 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

8 Single dose regimen 6 690707 Risk Ratio (M-H, Random, 95% CI) 0.07 [0.03, 0.15]

8.1 Low risk of bias 1 274 Risk Ratio (M-H, Random, 95% CI) 0.03 [0.00, 0.47]

8.2 High risk of bias 5 690433 Risk Ratio (M-H, Random, 95% CI) 0.08 [0.03, 0.17]

9 Multiple (2 or more) dose regimen 3 41416 Risk Ratio (M-H, Random, 95% CI) 0.14 [0.05, 0.37]

9.1 Low risk of bias 2 41156 Risk Ratio (M-H, Random, 95% CI) 0.11 [0.03, 0.40]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

9.2 High risk of bias 1 260 Risk Ratio (M-H, Random, 95% CI) 0.34 [0.04, 3.26]

10 Follow-up duration (1 to 12 months) 3 2377 Risk Ratio (M-H, Random, 95% CI) 0.20 [0.10, 0.37]

10.1 Low risk of bias 1 1037 Risk Ratio (M-H, Random, 95% CI) 0.19 [0.08, 0.42]

10.2 High risk of bias 2 1340 Risk Ratio (M-H, Random, 95% CI) 0.21 [0.07, 0.63]

11 Follow-up duration (13 to 24
months)

4 164776 Risk Ratio (M-H, Random, 95% CI) 0.06 [0.02, 0.17]

11.1 Low risk of bias 2 40393 Risk Ratio (M-H, Random, 95% CI) 0.05 [0.01, 0.17]

11.2 High risk of bias 2 124383 Risk Ratio (M-H, Random, 95% CI) 0.07 [0.01, 0.40]

12 Follow-up duration (25 to 36
months)

1 564642 Risk Ratio (M-H, Random, 95% CI) 0.05 [0.02, 0.13]

12.1 Low risk of bias 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

12.2 High risk of bias 1 564642 Risk Ratio (M-H, Random, 95% CI) 0.05 [0.02, 0.13]

13 Follow-up duration (49 to 60
months)

1 585 Risk Ratio (M-H, Random, 95% CI) 0.06 [0.01, 0.41]

13.1 Low risk of bias 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

13.2 High risk of bias 1 585 Risk Ratio (M-H, Random, 95% CI) 0.06 [0.01, 0.41]

 
 

Analysis 1.1.   Comparison 1 Clinical hepatitis A, Outcome 1 All vaccine types.

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.1.1 Low risk of bias  

Innis 1994 2/20028 38/20091 10.35% 0.05[0.01,0.22]

Mayorga Pérez 2003 0/137 17/137 4.27% 0.03[0,0.47]

Werzberger 1992 7/519 37/518 15.63% 0.19[0.08,0.42]

Subtotal (95% CI) 20684 20746 30.26% 0.09[0.03,0.3]

Total events: 9 (Hepatitis A vaccine), 92 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.52; Chi2=3.88, df=2(P=0.14); I2=48.41%  

Test for overall effect: Z=3.97(P<0.0001)  

   

1.1.2 High risk of bias  

Jiang 1995 5/31421 30/31277 14.27% 0.17[0.06,0.43]

Jiang 2001 3/561 15/519 11.79% 0.19[0.05,0.64]

Li 2000 5/292940 88/271702 14.69% 0.05[0.02,0.13]

Meng 2000 1/271 21/314 6.98% 0.06[0.01,0.41]

Riedemann 1992 1/128 3/132 5.94% 0.34[0.04,3.26]

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine
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Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Yuan 1995 7/29721 256/31964 16.07% 0.03[0.01,0.06]

Subtotal (95% CI) 355042 335908 69.74% 0.09[0.04,0.19]

Total events: 22 (Hepatitis A vaccine), 413 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.61; Chi2=14.3, df=5(P=0.01); I2=65.04%  

Test for overall effect: Z=5.95(P<0.0001)  

   

Total (95% CI) 375726 356654 100% 0.09[0.05,0.17]

Total events: 31 (Hepatitis A vaccine), 505 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.54; Chi2=20.82, df=8(P=0.01); I2=61.58%  

Test for overall effect: Z=7.34(P<0.0001)  

Test for subgroup differences: Chi2=0.02, df=1 (P=0.9), I2=0%  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 1.2.   Comparison 1 Clinical hepatitis A, Outcome 2 Inactivated HAV vaccines.

Study or subgroup Inactivated
HAV vaccine

Placebo or
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.2.1 Low risk of bias  

Innis 1994 2/20028 38/20091 27.85% 0.05[0.01,0.22]

Mayorga Pérez 2003 0/137 17/137 10.19% 0.03[0,0.47]

Werzberger 1992 7/519 37/518 47.33% 0.19[0.08,0.42]

Subtotal (95% CI) 20684 20746 85.38% 0.09[0.03,0.3]

Total events: 9 (Inactivated HAV vaccine), 92 (Placebo or no vaccine)  

Heterogeneity: Tau2=0.52; Chi2=3.88, df=2(P=0.14); I2=48.41%  

Test for overall effect: Z=3.97(P<0.0001)  

   

1.2.2 High risk of bias  

Riedemann 1992 1/128 3/132 14.62% 0.34[0.04,3.26]

Subtotal (95% CI) 128 132 14.62% 0.34[0.04,3.26]

Total events: 1 (Inactivated HAV vaccine), 3 (Placebo or no vaccine)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.93(P=0.35)  

   

Total (95% CI) 20812 20878 100% 0.12[0.05,0.31]

Total events: 10 (Inactivated HAV vaccine), 95 (Placebo or no vaccine)  

Heterogeneity: Tau2=0.35; Chi2=4.65, df=3(P=0.2); I2=35.51%  

Test for overall effect: Z=4.31(P<0.0001)  

Test for subgroup differences: Chi2=1, df=1 (P=0.32), I2=0.27%  

Inactivated HAV vaccine 1000.01 100.1 1 Placebo or no vaccine

 
 

Hepatitis A immunisation in persons not previously exposed to hepatitis A (Review)

Copyright © 2012 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

55



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 1.3.   Comparison 1 Clinical hepatitis A, Outcome 3 Live attenuated HAV vaccine.

Study or subgroup Live attenuat-
ed HAV vac

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.3.1 Low risk of bias  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (Live attenuated HAV vac), 0 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.3.2 High risk of bias  

Jiang 1995 5/31421 30/31277 22.35% 0.17[0.06,0.43]

Jiang 2001 3/561 15/519 18.52% 0.19[0.05,0.64]

Li 2000 5/292940 88/271702 22.98% 0.05[0.02,0.13]

Meng 2000 1/271 21/314 11.05% 0.06[0.01,0.41]

Yuan 1995 7/29721 256/31964 25.1% 0.03[0.01,0.06]

Subtotal (95% CI) 354914 335776 100% 0.07[0.03,0.17]

Total events: 21 (Live attenuated HAV vac), 410 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.56; Chi2=12.03, df=4(P=0.02); I2=66.76%  

Test for overall effect: Z=6.18(P<0.0001)  

   

Total (95% CI) 354914 335776 100% 0.07[0.03,0.17]

Total events: 21 (Live attenuated HAV vac), 410 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.56; Chi2=12.03, df=4(P=0.02); I2=66.76%  

Test for overall effect: Z=6.18(P<0.0001)  

Test for subgroup differences: Not applicable  

Live attenuated HAV vac 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 1.4.   Comparison 1 Clinical hepatitis A, Outcome 4 High titre live attenuated HAV vaccine.

Study or subgroup Live attenuat-
ed HAV vac

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.4.1 Low risk of bias  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (Live attenuated HAV vac), 0 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.4.2 High risk of bias  

Meng 2000 1/271 21/314 12.35% 0.06[0.01,0.41]

Yuan 1995 7/29721 256/31964 87.65% 0.03[0.01,0.06]

Subtotal (95% CI) 29992 32278 100% 0.03[0.02,0.06]

Total events: 8 (Live attenuated HAV vac), 277 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=0.34, df=1(P=0.56); I2=0%  

Test for overall effect: Z=9.62(P<0.0001)  

   

Total (95% CI) 29992 32278 100% 0.03[0.02,0.06]

Total events: 8 (Live attenuated HAV vac), 277 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=0.34, df=1(P=0.56); I2=0%  

Test for overall effect: Z=9.62(P<0.0001)  

Live attenuated HAV vac 1000.01 100.1 1 Placebo / no vaccine
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Study or subgroup Live attenuat-
ed HAV vac

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for subgroup differences: Not applicable  

Live attenuated HAV vac 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 1.5.   Comparison 1 Clinical hepatitis A, Outcome 5 Low titre live attenuated HAV vaccine.

Study or subgroup Live attenuat-
ed HAV vac

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.5.1 Low risk of bias  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (Live attenuated HAV vac), 0 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.5.2 High risk of bias  

Jiang 1995 5/31421 30/31277 35.63% 0.17[0.06,0.43]

Jiang 2001 3/561 15/519 27.18% 0.19[0.05,0.64]

Li 2000 5/292940 88/271702 37.19% 0.05[0.02,0.13]

Subtotal (95% CI) 324922 303498 100% 0.11[0.05,0.26]

Total events: 13 (Live attenuated HAV vac), 133 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.29; Chi2=4.17, df=2(P=0.12); I2=52.04%  

Test for overall effect: Z=5.07(P<0.0001)  

   

Total (95% CI) 324922 303498 100% 0.11[0.05,0.26]

Total events: 13 (Live attenuated HAV vac), 133 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.29; Chi2=4.17, df=2(P=0.12); I2=52.04%  

Test for overall effect: Z=5.07(P<0.0001)  

Test for subgroup differences: Not applicable  

Live attenuated HAV vac 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 1.6.   Comparison 1 Clinical hepatitis A, Outcome 6 High endemicity.

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.6.1 Low risk of bias  

Innis 1994 2/20028 38/20091 11.99% 0.05[0.01,0.22]

Mayorga Pérez 2003 0/137 17/137 4.63% 0.03[0,0.47]

Subtotal (95% CI) 20165 20228 16.62% 0.05[0.01,0.17]

Total events: 2 (Hepatitis A vaccine), 55 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=0.15, df=1(P=0.7); I2=0%  

Test for overall effect: Z=4.74(P<0.0001)  

   

1.6.2 High risk of bias  

Jiang 1995 5/31421 30/31277 17.32% 0.17[0.06,0.43]

Jiang 2001 3/561 15/519 13.89% 0.19[0.05,0.64]

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine
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Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Li 2000 5/292940 88/271702 17.91% 0.05[0.02,0.13]

Meng 2000 1/271 21/314 7.79% 0.06[0.01,0.41]

Riedemann 1992 1/128 3/132 6.55% 0.34[0.04,3.26]

Yuan 1995 7/29721 256/31964 19.93% 0.03[0.01,0.06]

Subtotal (95% CI) 355042 335908 83.38% 0.09[0.04,0.19]

Total events: 22 (Hepatitis A vaccine), 413 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.61; Chi2=14.3, df=5(P=0.01); I2=65.04%  

Test for overall effect: Z=5.95(P<0.0001)  

   

Total (95% CI) 375207 356136 100% 0.08[0.04,0.15]

Total events: 24 (Hepatitis A vaccine), 468 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.43; Chi2=14.7, df=7(P=0.04); I2=52.39%  

Test for overall effect: Z=7.66(P<0.0001)  

Test for subgroup differences: Chi2=0.63, df=1 (P=0.43), I2=0%  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 1.7.   Comparison 1 Clinical hepatitis A, Outcome 7 Low endemicity.

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.7.1 Low risk of bias  

Werzberger 1992 7/519 37/518 100% 0.19[0.08,0.42]

Subtotal (95% CI) 519 518 100% 0.19[0.08,0.42]

Total events: 7 (Hepatitis A vaccine), 37 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=4.09(P<0.0001)  

   

1.7.2 High risk of bias  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (Hepatitis A vaccine), 0 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 519 518 100% 0.19[0.08,0.42]

Total events: 7 (Hepatitis A vaccine), 37 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=4.09(P<0.0001)  

Test for subgroup differences: Not applicable  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine
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Analysis 1.8.   Comparison 1 Clinical hepatitis A, Outcome 8 Single dose regimen.

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.8.1 Low risk of bias  

Mayorga Pérez 2003 0/137 17/137 6.08% 0.03[0,0.47]

Subtotal (95% CI) 137 137 6.08% 0.03[0,0.47]

Total events: 0 (Hepatitis A vaccine), 17 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.49(P=0.01)  

   

1.8.2 High risk of bias  

Jiang 1995 5/31421 30/31277 21.06% 0.17[0.06,0.43]

Jiang 2001 3/422 15/401 17.26% 0.19[0.06,0.65]

Li 2000 5/292940 88/271702 21.7% 0.05[0.02,0.13]

Meng 2000 1/271 21/314 10.03% 0.06[0.01,0.41]

Yuan 1995 7/29721 256/31964 23.87% 0.03[0.01,0.06]

Subtotal (95% CI) 354775 335658 93.92% 0.08[0.03,0.17]

Total events: 21 (Hepatitis A vaccine), 410 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.57; Chi2=12.2, df=4(P=0.02); I2=67.21%  

Test for overall effect: Z=6.12(P<0.0001)  

   

Total (95% CI) 354912 335795 100% 0.07[0.03,0.15]

Total events: 21 (Hepatitis A vaccine), 427 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.5; Chi2=12.54, df=5(P=0.03); I2=60.12%  

Test for overall effect: Z=6.74(P<0.0001)  

Test for subgroup differences: Chi2=0.42, df=1 (P=0.52), I2=0%  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 1.9.   Comparison 1 Clinical hepatitis A, Outcome 9 Multiple (2 or more) dose regimen.

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.9.1 Low risk of bias  

Innis 1994 2/20028 38/20091 30.21% 0.05[0.01,0.22]

Werzberger 1992 7/519 37/518 54.54% 0.19[0.08,0.42]

Subtotal (95% CI) 20547 20609 84.75% 0.11[0.03,0.4]

Total events: 9 (Hepatitis A vaccine), 75 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.53; Chi2=2.52, df=1(P=0.11); I2=60.3%  

Test for overall effect: Z=3.36(P=0)  

   

1.9.2 High risk of bias  

Riedemann 1992 1/128 3/132 15.25% 0.34[0.04,3.26]

Subtotal (95% CI) 128 132 15.25% 0.34[0.04,3.26]

Total events: 1 (Hepatitis A vaccine), 3 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.93(P=0.35)  

   

Total (95% CI) 20675 20741 100% 0.14[0.05,0.37]

Total events: 10 (Hepatitis A vaccine), 78 (Placebo / no vaccine)  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine
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Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0.28; Chi2=3.13, df=2(P=0.21); I2=36.12%  

Test for overall effect: Z=3.97(P<0.0001)  

Test for subgroup differences: Chi2=0.7, df=1 (P=0.4), I2=0%  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 1.10.   Comparison 1 Clinical hepatitis A, Outcome 10 Follow-up duration (1 to 12 months).

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.10.1 Low risk of bias  

Werzberger 1992 7/519 37/518 64.73% 0.19[0.08,0.42]

Subtotal (95% CI) 519 518 64.73% 0.19[0.08,0.42]

Total events: 7 (Hepatitis A vaccine), 37 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=4.09(P<0.0001)  

   

1.10.2 High risk of bias  

Jiang 2001 3/561 15/519 27.12% 0.19[0.05,0.64]

Riedemann 1992 1/128 3/132 8.15% 0.34[0.04,3.26]

Subtotal (95% CI) 689 651 35.27% 0.21[0.07,0.63]

Total events: 4 (Hepatitis A vaccine), 18 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=0.22, df=1(P=0.64); I2=0%  

Test for overall effect: Z=2.8(P=0.01)  

   

Total (95% CI) 1208 1169 100% 0.2[0.1,0.37]

Total events: 11 (Hepatitis A vaccine), 55 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=0.26, df=2(P=0.88); I2=0%  

Test for overall effect: Z=4.95(P<0.0001)  

Test for subgroup differences: Chi2=0.03, df=1 (P=0.86), I2=0%  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 1.11.   Comparison 1 Clinical hepatitis A, Outcome 11 Follow-up duration (13 to 24 months).

Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.11.1 Low risk of bias  

Innis 1994 2/20028 38/20091 23.7% 0.05[0.01,0.22]

Mayorga Pérez 2003 0/137 17/137 10.53% 0.03[0,0.47]

Subtotal (95% CI) 20165 20228 34.23% 0.05[0.01,0.17]

Total events: 2 (Experimental), 55 (Control)  

Heterogeneity: Tau2=0; Chi2=0.15, df=1(P=0.7); I2=0%  

Test for overall effect: Z=4.74(P<0.0001)  

   

1.11.2 High risk of bias  

Jiang 1995 5/31421 30/31277 31.26% 0.17[0.06,0.43]

Favours experimental 1000.01 100.1 1 Favours control
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Study or subgroup Experimental Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Yuan 1995 7/29721 256/31964 34.51% 0.03[0.01,0.06]

Subtotal (95% CI) 61142 63241 65.77% 0.07[0.01,0.4]

Total events: 12 (Experimental), 286 (Control)  

Heterogeneity: Tau2=1.45; Chi2=8.63, df=1(P=0); I2=88.41%  

Test for overall effect: Z=2.97(P=0)  

   

Total (95% CI) 81307 83469 100% 0.06[0.02,0.17]

Total events: 14 (Experimental), 341 (Control)  

Heterogeneity: Tau2=0.69; Chi2=8.76, df=3(P=0.03); I2=65.75%  

Test for overall effect: Z=5.32(P<0.0001)  

Test for subgroup differences: Chi2=0.12, df=1 (P=0.73), I2=0%  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Analysis 1.12.   Comparison 1 Clinical hepatitis A, Outcome 12 Follow-up duration (25 to 36 months).

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.12.1 Low risk of bias  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (Hepatitis A vaccine), 0 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

1.12.2 High risk of bias  

Li 2000 5/292940 88/271702 100% 0.05[0.02,0.13]

Subtotal (95% CI) 292940 271702 100% 0.05[0.02,0.13]

Total events: 5 (Hepatitis A vaccine), 88 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=6.4(P<0.0001)  

   

Total (95% CI) 292940 271702 100% 0.05[0.02,0.13]

Total events: 5 (Hepatitis A vaccine), 88 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=6.4(P<0.0001)  

Test for subgroup differences: Not applicable  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 1.13.   Comparison 1 Clinical hepatitis A, Outcome 13 Follow-up duration (49 to 60 months).

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

1.13.1 Low risk of bias  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (Hepatitis A vaccine), 0 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Favours experimental 1000.01 100.1 1 Favours control
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Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Not applicable  

   

1.13.2 High risk of bias  

Meng 2000 1/271 21/314 100% 0.06[0.01,0.41]

Subtotal (95% CI) 271 314 100% 0.06[0.01,0.41]

Total events: 1 (Hepatitis A vaccine), 21 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.84(P=0)  

   

Total (95% CI) 271 314 100% 0.06[0.01,0.41]

Total events: 1 (Hepatitis A vaccine), 21 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.84(P=0)  

Test for subgroup differences: Not applicable  

Favours experimental 1000.01 100.1 1 Favours control

 
 

Comparison 2.   Lack of sero-protection

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Lack of sero-protection 2 739 Risk Ratio (M-H, Random, 95% CI) 0.01 [0.00, 0.03]

1.1 Low risk of bias 1 486 Risk Ratio (M-H, Random, 95% CI) 0.01 [0.00, 0.03]

1.2 High risk of bias 1 253 Risk Ratio (M-H, Random, 95% CI) 0.00 [0.00, 0.07]

 
 

Analysis 2.1.   Comparison 2 Lack of sero-protection, Outcome 1 Lack of sero-protection.

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

2.1.1 Low risk of bias  

Innis 1994 2/238 241/248 80.07% 0.01[0,0.03]

Subtotal (95% CI) 238 248 80.07% 0.01[0,0.03]

Total events: 2 (Hepatitis A vaccine), 241 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=6.75(P<0.0001)  

   

2.1.2 High risk of bias  

Riedemann 1992 0/124 126/129 19.93% 0[0,0.07]

Subtotal (95% CI) 124 129 19.93% 0[0,0.07]

Total events: 0 (Hepatitis A vaccine), 126 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=3.89(P<0.0001)  

   

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine
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Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Total (95% CI) 362 377 100% 0.01[0,0.03]

Total events: 2 (Hepatitis A vaccine), 367 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=0.23, df=1(P=0.63); I2=0%  

Test for overall effect: Z=7.77(P<0.0001)  

Test for subgroup differences: Chi2=0.22, df=1 (P=0.64), I2=0%  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Comparison 3.   Adverse event

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Non-serious local adverse events 3 1559 Risk Ratio (M-H, Random, 95% CI) 1.21 [0.86, 1.70]

1.1 Low risk of bias 2 1299 Risk Ratio (M-H, Random, 95% CI) 1.19 [0.67, 2.11]

1.2 High risk of bias 1 260 Risk Ratio (M-H, Random, 95% CI) 1.38 [0.82, 2.29]

2 Non-serious systemic adverse events 3 1559 Risk Ratio (M-H, Random, 95% CI) 0.98 [0.68, 1.41]

2.1 Low risk of bias 2 1299 Risk Ratio (M-H, Random, 95% CI) 1.09 [0.67, 1.78]

2.2 High risk of bias 1 260 Risk Ratio (M-H, Random, 95% CI) 0.86 [0.50, 1.48]

 
 

Analysis 3.1.   Comparison 3 Adverse event, Outcome 1 Non-serious local adverse events.

Study or subgroup Inactivated
HAV vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.1.1 Low risk of bias  

Mayorga Pérez 2003 19/137 11/137 19.99% 1.73[0.85,3.49]

Werzberger 1992 42/515 44/510 46.53% 0.95[0.63,1.42]

Subtotal (95% CI) 652 647 66.51% 1.19[0.67,2.11]

Total events: 61 (Inactivated HAV vaccine), 55 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.1; Chi2=2.12, df=1(P=0.15); I2=52.79%  

Test for overall effect: Z=0.59(P=0.55)  

   

3.1.2 High risk of bias  

Riedemann 1992 28/128 21/132 33.49% 1.38[0.82,2.29]

Subtotal (95% CI) 128 132 33.49% 1.38[0.82,2.29]

Total events: 28 (Inactivated HAV vaccine), 21 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.22(P=0.22)  

   

Total (95% CI) 780 779 100% 1.21[0.86,1.7]

Total events: 89 (Inactivated HAV vaccine), 76 (Placebo / no vaccine)  

Inactivated HAV vaccine 1000.01 100.1 1 Placebo / no vaccine
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Study or subgroup Inactivated
HAV vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Heterogeneity: Tau2=0.02; Chi2=2.62, df=2(P=0.27); I2=23.8%  

Test for overall effect: Z=1.09(P=0.28)  

Test for subgroup differences: Chi2=0.14, df=1 (P=0.71), I2=0%  

Inactivated HAV vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 3.2.   Comparison 3 Adverse event, Outcome 2 Non-serious systemic adverse events.

Study or subgroup Inactivated
HAV vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

3.2.1 Low risk of bias  

Mayorga Pérez 2003 24/137 20/137 44.69% 1.2[0.7,2.07]

Werzberger 1992 5/515 7/510 10.16% 0.71[0.23,2.21]

Subtotal (95% CI) 652 647 54.85% 1.09[0.67,1.78]

Total events: 29 (Inactivated HAV vaccine), 27 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=0.68, df=1(P=0.41); I2=0%  

Test for overall effect: Z=0.34(P=0.74)  

   

3.2.2 High risk of bias  

Riedemann 1992 20/128 24/132 45.15% 0.86[0.5,1.48]

Subtotal (95% CI) 128 132 45.15% 0.86[0.5,1.48]

Total events: 20 (Inactivated HAV vaccine), 24 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.55(P=0.58)  

   

Total (95% CI) 780 779 100% 0.98[0.68,1.41]

Total events: 49 (Inactivated HAV vaccine), 51 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=1.07, df=2(P=0.58); I2=0%  

Test for overall effect: Z=0.12(P=0.91)  

Test for subgroup differences: Chi2=0.4, df=1 (P=0.53), I2=0%  

Inactivated HAV vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Comparison 4.   Number of participants

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 >1000 participants 7 731749 Risk Ratio (M-H, Random, 95% CI) 0.08 [0.04, 0.16]

1.1 Low risk of bias 2 41156 Risk Ratio (M-H, Random, 95% CI) 0.11 [0.03, 0.40]

1.2 High risk of bias 5 690593 Risk Ratio (M-H, Random, 95% CI) 0.07 [0.03, 0.16]

2 < 1000 participants 2 534 Risk Ratio (M-H, Random, 95% CI) 0.11 [0.01, 1.62]

2.1 Low risk of bias 1 274 Risk Ratio (M-H, Random, 95% CI) 0.03 [0.00, 0.47]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

2.2 High risk of bias 1 260 Risk Ratio (M-H, Random, 95% CI) 0.34 [0.04, 3.26]

 
 

Analysis 4.1.   Comparison 4 Number of participants, Outcome 1 >1000 participants.

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

4.1.1 Low risk of bias  

Innis 1994 2/20028 38/20091 11.46% 0.05[0.01,0.22]

Werzberger 1992 7/519 37/518 17.48% 0.19[0.08,0.42]

Subtotal (95% CI) 20547 20609 28.94% 0.11[0.03,0.4]

Total events: 9 (Hepatitis A vaccine), 75 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.53; Chi2=2.52, df=1(P=0.11); I2=60.3%  

Test for overall effect: Z=3.36(P=0)  

   

4.1.2 High risk of bias  

Jiang 1995 5/31421 30/31277 15.92% 0.17[0.06,0.43]

Jiang 2001 3/561 15/422 13.09% 0.15[0.04,0.52]

Li 2000 5/292940 88/271702 16.39% 0.05[0.02,0.13]

Meng 2000 1/271 21/314 7.68% 0.06[0.01,0.41]

Yuan 1995 7/29721 256/31964 17.98% 0.03[0.01,0.06]

Subtotal (95% CI) 354914 335679 71.06% 0.07[0.03,0.16]

Total events: 21 (Hepatitis A vaccine), 410 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.48; Chi2=10.97, df=4(P=0.03); I2=63.54%  

Test for overall effect: Z=6.58(P<0.0001)  

   

Total (95% CI) 375461 356288 100% 0.08[0.04,0.16]

Total events: 30 (Hepatitis A vaccine), 485 (Placebo / no vaccine)  

Heterogeneity: Tau2=0.52; Chi2=17.61, df=6(P=0.01); I2=65.92%  

Test for overall effect: Z=7.22(P<0.0001)  

Test for subgroup differences: Chi2=0.37, df=1 (P=0.54), I2=0%  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Analysis 4.2.   Comparison 4 Number of participants, Outcome 2 < 1000 participants.

Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

4.2.1 Low risk of bias  

Mayorga Pérez 2003 0/137 17/137 45.17% 0.03[0,0.47]

Subtotal (95% CI) 137 137 45.17% 0.03[0,0.47]

Total events: 0 (Hepatitis A vaccine), 17 (Placebo / no vaccine)  

Heterogeneity: Not applicable  

Test for overall effect: Z=2.49(P=0.01)  

   

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine
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Study or subgroup Hepatitis
A vaccine

Placebo /
no vaccine

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

4.2.2 High risk of bias  

Riedemann 1992 1/128 3/132 54.83% 0.34[0.04,3.26]

Subtotal (95% CI) 128 132 54.83% 0.34[0.04,3.26]

Total events: 1 (Hepatitis A vaccine), 3 (Placebo / no vaccine)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.93(P=0.35)  

   

Total (95% CI) 265 269 100% 0.11[0.01,1.62]

Total events: 1 (Hepatitis A vaccine), 20 (Placebo / no vaccine)  

Heterogeneity: Tau2=2.07; Chi2=2.23, df=1(P=0.14); I2=55.19%  

Test for overall effect: Z=1.61(P=0.11)  

Test for subgroup differences: Chi2=1.84, df=1 (P=0.17), I2=45.69%  

Hepatitis A vaccine 1000.01 100.1 1 Placebo / no vaccine

 
 

Comparison 5.   All-cause mortality

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 All vaccine types 1 40119 Risk Ratio (M-H, Random, 95% CI) 1.40 [0.62, 3.16]

1.1 Low risk of bias 1 40119 Risk Ratio (M-H, Random, 95% CI) 1.40 [0.62, 3.16]

1.2 High risk of bias 0 0 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

 
 

Analysis 5.1.   Comparison 5 All-cause mortality, Outcome 1 All vaccine types.

Study or subgroup Hepatitis
A vaccine

Placebo /
no control

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

5.1.1 Low risk of bias  

Innis 1994 14/20028 10/20091 100% 1.4[0.62,3.16]

Subtotal (95% CI) 20028 20091 100% 1.4[0.62,3.16]

Total events: 14 (Hepatitis A vaccine), 10 (Placebo / no control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.82(P=0.41)  

   

5.1.2 High risk of bias  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (Hepatitis A vaccine), 0 (Placebo / no control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 20028 20091 100% 1.4[0.62,3.16]

Total events: 14 (Hepatitis A vaccine), 10 (Placebo / no control)  

Heterogeneity: Not applicable  

Favours experimental 1000.01 100.1 1 Favours control
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Study or subgroup Hepatitis
A vaccine

Placebo /
no control

Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Test for overall effect: Z=0.82(P=0.41)  

Test for subgroup differences: Not applicable  

Favours experimental 1000.01 100.1 1 Favours control

 

 

A P P E N D I C E S

Appendix 1. Search strategy

 

Database Time Span Search Strategy

The Cochrane He-
pato-Biliary Group
Controlled Trials
Register

November 2011 ('hepatitis A' OR 'hep A') AND ((vaccine* AND (attenuated OR inactivated)) OR vaccin* OR
immuni* OR inoculat*)

Cochrane Cen-
tral Register of
Controlled Trials
(CENTRAL) in The
Cochrane Library

Issue 4, 2011 #1 MeSH descriptor Vaccination explode all trees 
#2 MeSH descriptor Immunization explode all trees 
#3 ((vaccine* AND (attenuated OR inactivated)) OR vaccin* OR immuni* OR inoculat*) 
#4 (#1 OR #2 OR #3) 
#5 MeSH descriptor Hepatitis A explode all trees 
#6 hepatitis A OR hep A 
#7 (#5 OR #6) 
#8 (#4 AND #7)

MEDLINE (Ovid
SP)

1950 to November
2011

1 (HEPATITIS-A VACCINES OR HEPATITIS-A OR hepatitis A) 
2 (VACCINES-ATTENUATED OR VACCINES-INACTIVATED) 
3 1 AND 2 
4 MeSH descriptor VACCINATION explode all trees 
5 1 AND 4 
6 MeSH descriptor IMMUNIZATION explode all trees 
7 1 AND 6 
8 (vaccin* OR immuni* OR inoculate) 
9 1 AND 8

EMBASE (Ovid SP) 1980 to November
2011

1 (HEPATITIS-A VACCINES OR HEPATITIS-A OR hepatitis A).mp [mp= title, abstract or Key-
words in all products] 
2 (VACCINES-ATTENUATED OR VACCINES-INACTIVATED OR VACCINES).mp [mp= title, ab-
stract or Keywords in all products] 
3 1 and 2 
4 Exp VACCINATION 
5 1 and 4 
6 Exp IMMUNIZATION 
7 1 and 6 
8 (vaccin* OR immuni*OR inoculate*) 
9 1 and 8

Science Citation
Index Expanded

1900 to November
2011

# 5 #4 AND #3 
# 4 TS=(random* OR blind* OR placebo* OR meta-analysis) 
# 3 #2 AND #1 
# 2 TS=((vaccine* AND (attenuated OR inactivated)) OR vaccin* OR immuni* OR inoculat*) 
# 1 TS=('hepatitis A' OR 'hep A')

  (Continued)
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The protocol was written by Greg Irving (GI) and John Holden (JH). Both authors approved the final version of the protocol. Daniel Pope
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JH. RY double-checked searches and data extraction for studies published in Chinese. The review was written by GI and JH. Both authors
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Internal sources

• New Source of support, Not specified.

External sources

• Univeristy of Liverpool: Department of Public Health, UK.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

• Trial sequential analysis was performed following recommendations from the CHBG. This was in keeping with CHBG methodological
recommendations at the time of undertaking this review.

• Historical controlled trials were excluded.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Hepatitis A  [*immunology]  [prevention & control];  Hepatitis A Antibodies  [immunology];  Hepatitis A Vaccines  [administration & dosage]
 [*immunology];  Randomized Controlled Trials as Topic;  Time Factors;  Vaccination  [*methods];  Vaccines, Attenuated  [administration &
dosage]  [immunology];  Vaccines, Inactivated  [administration & dosage]  [immunology]

MeSH check words

Humans
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