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Abstract
Objective To evaluate the effects of hepatitis B
vaccine and immunoglobulin in newborn infants of
mothers positive for hepatitis B surface antigen.
Design Systematic review and meta-analysis of
randomised clinical trials.
Data sources Electronic databases and hand searches.
Review methods Randomised clinical trials were
assessed for methodological quality. Meta-analysis was
undertaken on three outcomes: the relative risks of
hepatitis B occurrence, antibody levels to hepatitis B
surface antigen, and adverse events.
Results 29 randomised clinical trials were identified,
five of which were considered high quality. Only three
trials reported inclusion of mothers negative for
hepatitis B e antigen. Compared with placebo or no
intervention, vaccination reduced the occurrence of
hepatitis B (relative risk 0.28, 95% confidence interval
0.20 to 0.40; four trials). No significant difference in
hepatitis B occurrence was found between
recombinant vaccine and plasma derived vaccine
(1.00, 0.71 to 1.42; four trials) and between high dose
versus low dose vaccine (plasma derived vaccine 0.97,
0.55 to 1.68, three trials; recombinant vaccine 0.78,
0.31 to 1.94, one trial). Compared with placebo or no
intervention, hepatitis B immunoglobulin or the
combination of plasma derived vaccine and hepatitis
B immunoglobulin reduced hepatitis B occurrence
(immunoglobulin 0.50, 0.41 to 0.60, one trial; vaccine
and immunoglobulin 0.08, 0.03 to 0.17, three trials).
Compared with vaccine alone, vaccine plus hepatitis B
immunoglobulin reduced hepatitis B occurrence
(0.54, 0.41 to 0.73; 10 trials). Hepatitis B vaccine and
hepatitis B immunoglobulin seem safe, but few trials
reported on adverse events.
Conclusion Hepatitis B vaccine, hepatitis B
immunoglobulin, and vaccine plus immunoglobulin
prevent hepatitis B occurrence in newborn infants of
mothers positive for hepatitis B surface antigen.

Introduction
Mother to child transmission of hepatitis B occurs
either in utero or through exposure to blood at or
around birth. The risk of perinatal transmission is
associated with the hepatitis B e antigen status of the
mother. If a mother is positive for both hepatitis B sur-
face antigen and e antigen, 70% to 90% of her children
become chronically infected.1 2 If a mother is positive
for the surface antigen only, the risk of transmission is
significantly lower.3–7

The two types of vaccines licensed for hepatitis B
are plasma derived vaccine and recombinant vaccine.8

Repeated injections over months are required to
mount an effective antibody response with vaccination.
Hepatitis B immunoglobulin has high levels of

antibody to hepatitis B surface antigen. Treatment with
immunoglobulin is immediately effective and seems
protective for several months.9 10 In the present system-
atic review, we assessed the beneficial and harmful
effects of hepatitis B vaccines and hepatitis B
immunoglobulin in newborn infants of mothers
positive for hepatitis B surface antigen.

Methods
We included all trials that randomised newborn infants
of mothers positive for hepatitis B surface antigen to
hepatitis B vaccination and hepatitis B immunoglobu-
lin within the first month of life. We identified
randomised trials from several sources (see bmj.com).
We scanned reference lists, contacted manufacturers of
hepatitis B vaccine, and wrote to the authors of trials
with missing data. Our primary outcome measure was
the occurrence of hepatitis B, as defined by a blood
specimen positive for hepatitis B surface antigen,
hepatitis B e antigen, or antibody to hepatitis B core
antigen.11 The secondary outcome measures were anti-
body levels to hepatitis B surface antigen < 10 IU/l
and adverse events.

We assessed the methodological quality of trials.
Trials were post hoc classified as high quality if they
had at least two of the following components: adequate
generation of allocation sequence, adequate allocation
concealment, or adequate blinding. We carried out
meta-analyses using a fixed effect model and a random
effects model in RevMan analyses 4.2.

Data were analysed by the intention to treat princi-
ple, including all randomised participants. Heteroge-
neity was explored by �2 test, with significance set at a P
value < 0.10. The extent of heterogeneity was
measured by I2.12 Metaregression examined the
intervention effect in relation to methodological qual-
ity of trials, dosage of hepatitis B vaccine and
immunoglobulin, and time of injection.13 We carried
out subgroup analyses according to methodological
quality, hepatitis B e antigen status of the mother, and
time of injection. We used the test for interaction to
estimate the difference between two subgroups.14 For
hepatitis B occurrence we included infants with incom-
plete or missing data in sensitivity analyses by imputing
them into five scenarios (see bmj.com). We used funnel
plots to detect publication bias and other biases
according to Begg and Egger.
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Results
Overall, 39 of 226 references were included,5 w1-w38

referring to 29 randomised clinical trials (see bmj.com
for descriptions of the included trials). Eighteen
included mothers positive for hepatitis B e antigen,
three included mothers positive and negative for hepa-
titis B e antigen, and eight did not report on the moth-
er’s hepatitis B e antigen status. Ten trials reported
exclusion of low birthweight infants. The average dura-
tion of follow-up was 19 months (range 6 to 60
months).

Methodological quality of included trials
Generation of the allocation sequence was adequately
described in six trials.w1 w4 w8 w9 w21 w22 Treatment allocation
was adequately concealed in six trials.w7-w10 w18 w22

Adequate methods of double blinding were reported
in three trials.w8 w10 w18 Five trials were classified by
us as of high quality with a low risk of bias (see
bmj.com).w8-w10 w18 w22 The numbers and reasons for drop
outs and withdrawals were adequately described in six
trials.7 w2 w7 w8 w22 w30

Hepatitis B vaccine versus placebo or no
intervention
Compared with placebo or no intervention, hepatitis B
vaccination significantly decreased the risk of hepatitis
B occurrence (relative risk 0.28, 95% confidence inter-
val 0.20 to 0.40; four trials) (fig 1). Heterogeneity was
considerable (P = 0.07, I2 = 54.2%). Sensitivity analyses
for drop outs confirmed the finding of a significant
beneficial effect of hepatitis B vaccination. Analyses of
plasma derived vaccine and recombinant vaccine indi-
vidually showed that both vaccines significantly
decreased the risk of hepatitis B occurrence.

Subgroup analyses between high quality and low
quality trials, the mother’s hepatitis B e antigen status,
or time of vaccination were not significantly different
(tests for interaction, P = 0.25, P = 0.07, and P = 0.11,
respectively).

Post hoc subgroup analyses according to vaccine
schedules (0, 1, and 6 months v 0, 1, 2, and 6 or 12
months) showed no significant difference (test for
interaction, P = 0.75). No data on adverse events were
reported.

Recombinant vaccine versus plasma derived vaccine
Recombinant vaccine and plasma derived vaccine
showed no significant difference in hepatitis B
occurrence (1.00, 0.70 to 1.42; four trials) (see bmj.com).
Heterogeneity was moderate (I2 = 29.4%). Sensitivity
analyses for drop outs confirmed the finding of no
significant difference between the two vaccines. Sub-
group analyses for methodological quality or mother’s
hepatitis B e antigen status showed no significant differ-
ence (tests for interaction, both P = 0.21).

Significantly fewer infants receiving recombinant
vaccine compared with plasma derived vaccine had
antibody levels to hepatitis B surface antigen < 10 IU/l
(0.51, 0.36 to 0.72; three trials).

Dose of vaccine and schedules
No significant difference was found in hepatitis B
occurrence between high dose vaccine and low dose
vaccine (plasma derived vaccine 0.97, 0.55 to 1.68,
three trials; recombinant vaccine 0.78, 0.31 to 1.94, one
trial) or in antibody levels to hepatitis B surface antigen
< 10 IU/l (1.02, 0.82 to 1.27; two trials).

No significant differences were found in hepatitis B
occurrences among different vaccination schedules,
recombinant vaccines, and plasma derived vaccines
(data not shown).

Hepatitis B immunoglobulin versus placebo or no
intervention
Overall, hepatitis B immunoglobulin significantly
decreased the risk of hepatitis B occurrence in infants
(0.52, 0.44 to 0.63; 11 trials) (fig 2). Compared with pla-
cebo or no intervention, hepatitis B immunoglobulin
alone significantly reduced hepatitis B occurrence
(0.50, 0.41 to 0.60; one trial). Compared with
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Fig 1 Effect of hepatitis B vaccine on occurrence of hepatitis B in newborn infants. *Experimental and control groups (see bmj.com for
definitions)
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vaccination, vaccination plus hepatitis B immuno-
globulin significantly reduced hepatitis B occurrence
(0.54, 0.41 to 0.73; 10 trials). In the metaregression
analyses, none of the trial characteristics was
significantly associated with the effect of hepatitis B
immunoglobulin. Subgroup analyses did not show a
significant difference between high quality and low
quality trials, the mother’s hepatitis B e antigen status,
or time of hepatitis B immunoglobulin injection (tests
for interaction, P = 0.70, 0.62, and 0.63, respectively).

Hepatitis B immunoglobulin did not significantly
reduce the number of newborn infants with antibody
levels to hepatitis B surface antigen < 10 IU/l (1.55,
0.89 to 2.73; four trials).

Few trials reported adverse events. In one trial,w2

one infant who received hepatitis B immunoglobulin
died. The death seemed to be unrelated to the
immunoglobulin.

Funnel plots on hepatitis B occurrence showed no
asymmetry (Egger test, P = 0.31; Begg test, P = 0.23).

Multiple versus single injection of hepatitis B
immunoglobulin
Multiple hepatitis B immunoglobulin plus plasma
derived vaccine versus single hepatitis B

immunoglobulin injection plus plasma derived vaccine
did not significantly reduce the risk of hepatitis B
occurrence (0.87, 0.30 to 2.47; two trials, I2 = 0%).

Vaccination plus hepatitis B immunoglobulin
versus placebo or no intervention
Compared with placebo or no intervention, plasma
derived vaccine plus hepatitis B immunoglobulin
significantly reduced hepatitis B occurrence (0.08, 0.03
to 0.17; three trials) (see bmj.com). The sensitivity
analyses confirmed the robustness of the finding. Sub-
group analyses did not find a significant difference
between high quality and low quality trials, the
mother’s hepatitis B e antigen status, or time of hepati-
tis B immunoglobulin injection (tests for interaction,
P = 0.13, P = 0.28, and P = 0.22, respectively).

One trial reported the number of adverse events: 3
out of 71 infants given vaccination versus 5 out of 34 in
control group.w10 The results showed no significant dif-
ference (0.29, 0.07 to 1.13).

Discussion
Our systematic review shows that hepatitis B vaccine,
hepatitis B immunoglobulin, or the combination of
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vaccine plus immunoglobulin given to the newborn
infants of mothers positive for hepatitis B surface anti-
gen prevents the occurrence of hepatitis B. The combi-
nation of vaccine plus immunoglobulin was superior to
vaccine alone. These benefits were not significantly
associated with the methodological quality of the trials,
the mother’s hepatitis B e antigen status, time of injec-
tion, or number of drop outs.

Our review has several potential limitations. Some
analyses included few trials and a small number of
newborn infants and most trials were of low methodo-
logical quality. Although we did not find asymmetries
in funnel plots, we cannot exclude publication bias.
Most trials only reported surrogate outcomes and not
long term clinical outcomes.

Our results show that hepatitis B vaccination
prevents the occurrence of hepatitis B in the newborn
infants of mothers positive for hepatitis B surface anti-
gen. We found no significant difference between
recombinant vaccine and plasma derived vaccine on
hepatitis B infections (relative risk 1.00, 95% confi-
dence interval 0.70 to 1.42). However, more infants
who received recombinant vaccine achieved antibody
levels to hepatitis surface antigen > 10 IU/l (1.96, 1.39
to 2.78).

The recommended schedules for immune prophy-
laxis against hepatitis B vary among countries.15 16 We
were unable to show significant differences among
different doses, schedules, and forms of plasma derived
vaccine and recombinant vaccine on hepatitis B
occurrence.

Our meta-analyses found that hepatitis B immuno-
globulin alone or when added to hepatitis B vaccine
decreased the risk of hepatitis B infection (0.52, 0.44 to
0.63). A recent non-randomised study reported no
benefit of adding hepatitis B immunoglobulin to
vaccine in mothers negative for hepatitis B e antigen.17

In our analysis, only one small trial out of 11 trials
included infants of such mothers.w33 Our subgroup

analysis did not find any statistically significant
difference between infants of mothers negative or
positive for hepatitis B e antigen.

Few trials reported sufficiently on adverse events.
According to the findings, hepatitis B vaccine and
hepatitis B immunoglobulin seem safe. These results
are in accordance with two Cochrane reviews on hepa-
titis B vaccination.18 19 Randomised clinical trials may
overlook adverse events because of the relatively low
numbers of participants or poor reporting of adverse
events.20–22

In general, the risk of perinatal transmission from
mothers negative for hepatitis B e antigen is
considered much lower than that from mothers who
are positive for the antigen.3–7 Our findings are mainly
based on immune prophylaxis for infants of mothers
positive for hepatitis B surface antigen and hepatitis B
e antigen. The applicability of our findings to mothers
negative for hepatitis B e antigen is therefore limited.

Two trials that examined a new way to potentially
prevent vertical transmission of hepatitis B did not ful-
fil our inclusion criteria.23 The trials randomised preg-
nant women positive for hepatitis B surface antigen to
hepatitis B immunoglobulin versus no intervention
before delivery.24 25 In the group receiving immuno-
globulin, fewer infants were positive for hepatitis B sur-
face antigen at follow-up. The methodological quality
of those trials was low. More trials are needed before
this intervention should be adopted.
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Trends in sexually transmitted infections in general
practice 1990-2000: population based study using data
from the UK general practice research database
Jackie A Cassell, Catherine H Mercer, Lorna Sutcliffe, Irene Petersen, Amir Islam, M Gary Brook,
Jonathan D Ross, George R Kinghorn, Ian Simms, Gwenda Hughes, Azeem Majeed,
Judith M Stephenson, Anne M Johnson, Andrew C Hayward

Abstract
Objective To describe the contribution of primary
care to the diagnosis and management of sexually
transmitted infections in the United Kingdom,
1990-2000, in the context of increasing incidence of
infections in genitourinary medicine clinics.
Design Population based study.
Setting UK primary care.
Participants Patients registered in the UK general
practice research database.
Main outcome measures Incidence of diagnosed
sexually transmitted infections in primary care and
estimation of the proportion of major such infections
diagnosed in primary care.
Results An estimated 23.0% of chlamydia cases in
women but only 5.3% in men were diagnosed and
treated in primary care during 1998-2000, along with
49.2% cases of non-specific urethritis and urethral
discharge in men and 5.7% cases of gonorrhoea in
women and 2.9% in men. Rates of diagnosis in
primary care rose substantially in the late 1990s.
Conclusions A substantial and increasing number of
sexually transmitted infections are diagnosed and
treated in primary care in the United Kingdom, with
sex ratios differing from those in genitourinary
medicine clinics. Large numbers of men are treated in
primary care for presumptive sexually transmitted
infections.

Introduction
Diagnoses of sexually transmitted infections from UK
genitourinary medicine clinics have increased consid-
erably since the mid-1990s.1 The national strategy for

sexual health proposed a shift of services for sexually
transmitted infections to primary care in England.2 Yet
little is known about the contribution of general prac-
tice to the diagnosis and management of sexually
transmitted infections. It has been reported that 16% of
men and 36% of women diagnosed as having chlamy-
dia in the five years to 2000 were last treated in general
practice.3 We analysed an anonymised primary care
database to explore the contribution of general
practice to the diagnosis and management of sexually
transmitted infections in the United Kingdom.

Methods
We estimated the incidence of diagnosed sexually
transmitted infections between 1990 and 2000 using a
retrospective cohort of patients registered in the UK
general practice research database, and surveillance
data from genitourinary medicine clinics.4 The general
practice research database contains the records of
about 8 million patients, contributing 36 million
patient years of observation. Diagnoses in general
practice were based on READ or Oxmis codes and in
the genitourinary medicine clinics on published KC60
diagnoses. We estimated the incidence of diagnosed
sexually transmitted infections in general practice and
calculated the proportion of major sexually transmit-
ted infections that were diagnosed in this setting.

To minimise double counting of patients diagnosed
in primary care but treated elsewhere, we distinguished
patients who were diagnosed and treated in general
practice from those who were not treated and
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