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Perinatal or mother-to-child transmission (MTCT) of hepatitis B virus (HBV) remains
the major risk factor for chronic HBV infection worldwide. In addition to hepatitis B
immune globulin and vaccination, oral antiviral therapies in highly viremic mothers can
further decrease MTCT of HBV. We conducted a systematic review and meta-analysis to
synthesize the evidence on the efficacy and maternal and fetal safety of antiviral therapy
during pregnancy. A protocol was developed by the American Association for the Study
of Liver Diseases guideline writing committee. We searched multiple databases for con-
trolled studies that enrolled pregnant women with chronic HBV infection treated with
antiviral therapy. Outcomes of interest were reduction of MTCT and adverse outcomes
to mothers and newborns. Study selection and data extraction were done by pairs of
independent reviewers. We included 26 studies that enrolled 3622 pregnant women.
Antiviral therapy reduced MTCT, as defined by infant hepatitis B surface antigen sero-
positivity (risk ratio 5 0.3, 95% confidence interval 0.2-0.4) or infant HBV DNA sero-
positivity (risk ratio 5 0.3, 95% confidence interval 0.2-0.5) at 6-12 months. No
significant differences were found in the congenital malformation rate, prematurity rate,
and Apgar scores. Compared to control, lamivudine or telbivudine improved maternal
HBV DNA suppression at delivery and during 4-8 weeks’ postpartum follow-up. Teno-
fovir showed improvement in HBV DNA suppression at delivery. No significant differ-
ences were found in postpartum hemorrhage, cesarean section, and elevated creatinine
kinase rates. Conclusions: Antiviral therapy improves HBV suppression and reduces
MTCT in women with chronic HBV infection with high viral load compared to the use
of hepatitis B immunoglobulin and vaccination alone; the use of telbivudine, lamivu-
dine, and tenofovir appears to be safe in pregnancy with no increased adverse maternal
or fetal outcome. (HEPATOLOGY 2016;63:319-333)

C
hronic hepatitis B viral (HBV) infection
remains an important global health problem.
Up to 600,000 of the approximately 240 mil-

lion carriers worldwide die annually due to chronic hep-
atitis B (CHB)-related disease.1 Perinatal or mother-to-

child transmission (MTCT) is the most common form
of transmission of HBV in many high-prevalence
areas2,3 and may occur in up to 90% of mothers who
are hepatitis B surface antigen (HBsAg)-positive and
hepatitis B e antigen (HBeAg)-positive in the absence of
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prophylaxis.4 This high rate of transmission may be par-
tially due to the high proportion of mothers with active
replication and HBeAg positivity during reproductive
years,5-8 particularly in Asian countries and regions of
the world where HBV genotype C is found9 as MTCT
is associated with high maternal viral load (HBV DNA
>106 IU/mL).10-13 Universal prenatal testing of women
is therefore recommended, as are hepatitis B vaccination
and hepatitis B immunoglobulin administration starting
at birth to prevent transmission to the newborn.

Women in their childbearing years with CHB may
need antiviral therapy independent of its impact on
MTCT if they have immune active HBV infection.
Accordingly, data on the safety of antivirals during preg-
nancy, and especially their impact on potential teratoge-
nicity, are of paramount importance when counseling
pregnant patients with CHB on risks and benefits to
their offspring.

Antiviral therapies for CHB have advanced markedly
in the last decade. The newer, more potent nucleos(t)ide
analogues durably suppress HBV viremia in most
patients. Evolving data for CHB patients show low
(0%-1%) rates of viral resistance and breakthrough after
up to 6 years of entecavir or tenofovir monotherapy.14,15

The benefits of long-term viral suppression include
slowing of liver disease progression and reversal of fibro-
sis and cirrhosis.16-18 Although no HBV therapies are
currently approved for use in pregnancy, women being
treated for CHB may become pregnant. Moreover, preg-
nant women in the immune tolerant phase of CHB
with high HBV DNA levels (>106 IU/mL) may want
to be considered for antiviral therapy to reduce the
HBV DNA level and decrease the risk of MTCT that
can occur despite neonatal immunoprophylaxis.10,19

Safety data on the use of anti-HBV therapies are largely
derived from human immunodeficiency virus (HIV)-
positive mothers studied in the Antiretroviral Pregnancy
Registry, which do not report any adverse impact of
lamivudine or tenofovir use.20 However, the use of anti-
viral therapies in pregnancy is controversial, and knowl-
edge about the harm and benefit ratio is not widely
disseminated among hepatologists and other providers
including those specializing in women’s health. There-
fore, the American Association for the Study of Liver

Diseases (AASLD) made this issue a priority for clinical
practice guideline development and evidence synthesis.
We performed a systematic review and meta-analysis to
compare the effect of oral HBV therapy (lamivudine,
entecavir, telbivudine, or tenofovir) on MTCT preven-
tion, HBV DNA suppression, and maternal and fetal
safety including major birth defect rates.

Materials and Methods

This systematic review follows a protocol developed
by a guideline writing group from the AASLD and is
reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses statement.21

Eligibility Criteria. We included controlled or
comparative studies that enrolled pregnant women diag-
nosed with chronic HBV infection (characterized by the
presence of HBsAg for more than 6 months), who
received antiviral therapy and reported the outcomes of
interest, including prevention of MTCT of HBV, clini-
cal efficacy, and adverse outcomes from antiviral therapy
to both mothers and newborns. Both English and non-
English-language studies were included. We excluded
studies that enrolled infants who did not receive immu-
nization during the first week postpartum; studies of
patients coinfected with hepatitis C, hepatitis D, or
HIV; patients receiving steroids, chemotherapy/immu-
notherapy, liver transplantation, and hemodialysis; and
uncontrolled studies or studies published as abstracts
only.

Search Strategy. A comprehensive search of Med-
line In-Process & Other Non-Indexed Citations, Ovid
MEDLINE, Ovid EMBASE, Ovid Cochrane Central
Register of Controlled Trials, and Scopus was conducted
from early 1988 to September 11, 2014. The search
strategy was designed and conducted by an experienced
librarian (L.J.P.) with input from the principal investiga-
tor. Controlled vocabulary supplemented with keywords
was used to search for studies of antivirals for hepatitis B
in pregnancy. Details of the search strategy are available
in Supporting Table 1. A manual search of bibliogra-
phies of the included studies and relevant systematic
reviews was conducted. Content experts from the
AASLD were also queried for potential references.
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Study Selection. Two independent reviewers
screened titles and abstracts for potential eligibility in
duplicate using an online reference management system
(DistillerSR; Evidence Partners, Inc.). Included abstracts
were then reviewed in full text following the same proce-
dure. Disagreements were reconciled by consensus or by
a third reviewer.

Data Extraction. For each study, data extraction
was done in duplicate using a standardized, pretested
form. A third reviewer compared data and resolved
inconsistencies by referring to the full text of the articles.
We extracted the following data from each study: study
characteristics, patient baseline characteristics, interven-
tion details, and outcomes of interest.

Outcomes. We were interested in the following out-
comes: infant outcomes including the risk of MTCT
transmission, defined by HBsAg seropositivity at 6-12
months or HBV DNA positivity at 6-12 months; Apgar
score (1 minute); prematurity rate; and congenital mal-
formation rate. Maternal outcomes included HBV
DNA suppression, alanine aminotransferase (ALT) nor-
malization, HBeAg loss, HBeAg seroconversion, cesar-
ean section rate, postpartum hemorrhage rate, and
elevated creatine kinase.

Risk of Bias Assessment. Two reviewers independ-
ently assessed the risk of bias (i.e., systematic error)
using the Cochrane Risk of Bias assessment tool and the
Newcastle-Ottawa Scale for randomized controlled trials
(RCTs) and observational studies, respectively. The
quality of evidence (i.e., certainty in the estimates) was
evaluated using the Grading of Recommendations
Assessment, Development, and Evaluation approach.
Criteria used to evaluate quality of evidence were risk of
bias, indirectness (surrogate outcomes), imprecision
(wide confidence intervals), inconsistency (heterogene-
ity), and publication bias.22

Statistical Analysis. For dichotomized outcomes,
we calculated the risk ratio (RR) and 95% confidence
intervals (CIs) using binomial distribution. We then
pooled the log-transformed RRs using the DerSimonian
and Laird random-effect models and estimated hetero-
geneity using the Mantel-Haenszel model. For continu-
ous outcomes, we calculated the weighted difference in
means between the baseline and the longest duration of
follow-up for each study and the pooled effect size using
the DerSimonian and Laird random-effect model. To
measure the overall heterogeneity across the included
studies, we used the I2 statistic, where I2 >50% suggests
high heterogeneity. All statistical analyses were con-
ducted using STATA, version 13 (StataCorp LP, College
Station, TX). We planned to explore the impact of pub-
lication bias using the Egger regression asymmetry test

and constructing funnel plots if a sufficient number of
studies (>20) per outcome was available and heteroge-
neity was low.23

Results

The initial search resulted in 734 citations and three
systematic reviews19,24,25 that included the China Bio-
logical Medicine Database and summarized additional
studies published in Chinese. We eventually included 26
studies. The average weighted kappa for study selection
was 0.82. The study selection process and reasons for
exclusions are depicted in Fig. 1.

Characteristics of the Included Studies. Twenty-
six studies that enrolled a total of 3622 pregnant women
were included in the analysis: 10 studies26-35 were RCTs
and 16 studies36-51 were nonrandomized studies. Most
of the studies (92%) were conducted in China, and
none were conducted in the United States. Treatment
started in the second or third trimester with an average
baseline HBV DNA level of 7.63 log10 IU/mL and an
average baseline ALT level of 37.7 U/L. In these studies,
all infants received hepatitis B vaccine at birth. Table 1
summarizes the characteristics of the studies.

Among the included studies, 11 compared lamivudine
versus control, nine26,35,36,42-44,48,49,51 compared telbivu-
dine versus control, two36,51 compared lamivudine versus
telbivudine, three37,38,50 compared tenofovir versus con-
trol, and another37 compared tenofovir versus lamivudine.

Five RCTs27-29,31,34 were considered to have low risk
of bias, while five studies26,30,32,33,35 were considered to
have a high risk of bias due to unclear/unreported meth-
ods of randomization, allocation concealment, blinding,
or incomplete outcome data reporting. For nonrandom-
ized studies, the overall methodological quality and fea-
tures were adequate or appropriate as 60% of the studies
reported adequate patient selection methods, compara-
ble study groups, and adequate outcome measures and
follow-up data. Tables 2 and 3 include detailed descrip-
tions of the risk of bias assessment.

Infant Outcomes. Use of any antiviral therapy
compared to control in pregnant women reduced the
likelihood of MTCT as defined by infant HBsAg sero-
positivity (eight RCTs, RR 5 0.3, 95% CI 0.2-0.4, I2

5 63.9%) or infant HBV DNA positivity (five RCTs,
RR 5 0.3, 95% CI 0.2-0.5, I2 5 47.2%) at 6-12
months (Fig. 2). Use of any antiviral compared to con-
trol reduced the risk of infant HBsAg seropositivity and
HBV DNA positivity by 13.4% and 18.7%, respec-
tively. The quality of evidence was moderate to low,
rated down due to risk of bias. This significant reduc-
tion persisted when comparing individual drugs versus
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control at 6-12 months after birth. Lamivudine (Fig. 3)
reduced infant HBsAg seropositivity by 11.7% (five
RCTs, RR 5 0.3, 95% CI 0.2-0.6, I2 5 42.4%) and
infant HBV DNA positivity by 21.2% (three RCTs, RR
5 0.3, 95% CI 0.2-0.6, I2 5 47.9%). Telbivudine also
reduced infant HBsAg seropositivity by 15.8% (four
RCTs, RR 5 0.2, 95% CI 0.1-0.5, I2 5 0%) and infant
HBV DNA positivity by 16.2% (two RCTs, RR 5 0.1,
95% CI 0.03-0.6, I2 5 62.4%) compared to the control
group (Fig. 4).

In three nonrandomized studies,37,38,50 tenofovir ver-
sus control (Fig. 5) reduced infant HBsAg seropositivity
by 15.8% at 6-12 months’ follow-up (RR 5 0.2, 95%
CI 0.1-0.7, I2 5 0%).

Compared to lamivudine, telbivudine (one study, RR
5 1, 95% CI 0.7-1.5) and tenofovir (one study, RR 5

2.93, 95% CI 0.12-70.08) showed no statistically signif-
icant reduction in infant HBsAg seropositivity at 6-12
months.

When comparing any antiviral therapy versus control
for fetal harms, no statistically significant difference was
found in any of the non-RCTs reporting on congenital
malformation rate, prematurity rate, and Apgar scores
(Fig. 6). The quality of the evidence of infant outcomes

was moderate to low, down-rated due to risk of bias and
imprecision.

Maternal Outcomes. Compared to control, lami-
vudine improved maternal HBV DNA suppression
before delivery (one cohort, RR 5 57.1, 95% CI 3.5-
921.4) and during 4-8 weeks’ postpartum follow-up
(two cohorts, RR 5 70.9, 95% CI 8.5-590, I2 5

12.2%). No significant difference was found in maternal
ALT normalization.

In studies comparing telbivudine versus control, telbi-
vudine showed improved maternal HBV DNA suppres-
sion at delivery (three cohorts, RR 5 52.8, 95% CI
10.7-261.8, I2 5 0%), at 4 weeks postpartum (two
cohorts, RR 5 102, 95% CI 14.4-722.8, I2 5 0%), and
at 28 weeks postpartum (one cohort, RR 5 1.5, 95%
CI 1.2-1.8). When compared to control, pregnant
women receiving telbivudine consistently had improved
maternal ALT normalization at delivery (two cohorts,
RR 5 1.5, 95% CI 1.2-1.8, I2 5 0%), at 4 weeks post-
partum (one cohort, RR 5 1.6, 95% CI 1.1-2.3), and
at 28 weeks postpartum (one cohort, RR 5 1.3, 95%
CI 1.04-1.6). Telbivudine also significantly increased
maternal HBeAg loss at delivery (two cohorts, RR 5

1.7, 95% CI 1.3-2.2, I2 5 0%), at 4 weeks postpartum

Fig. 1. The study selection process.
Abbreviations: HBIG, hepatitis B immu-
noglobulin; HCV, hepatitis C virus; HDV,
hepatitis D virus.
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Fig. 2. Forest plots of infant outcomes for RCTs comparing any antiviral therapy versus control at 6-12 months follow-up.

Fig. 3. Forest plots of infant outcomes for RCTs comparing lamivudine versus control at 6-12 months follow-up.



(one cohort, RR 5 1.6, 95% CI 1.2-2.2), and at 28
weeks postpartum (one cohort, RR 5 1.7, 95% CI 1.2-
2.29). Tenofovir compared to control showed significant
improvement in HBV DNA suppression at delivery

(two cohorts, RR 5 45.4, 95% CI 9.3-222.5) but not
ALT normalization or HBeAg seroconversion.

Compared to lamivudine, pregnant women treated
with telbivudine had significantly greater HBV DNA

Fig. 4. Forest plots of infant outcomes for RCTs comparing telbivudine versus control at 6-12 months follow-up.

Fig. 5. Forest plots of infant outcomes for non-RCTs comparing tenofovir versus control at 6-12 months follow-up.
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suppression at delivery (one cohort, RR 5 1.8, 95% CI
1.3-2.6) but not HBeAg loss (RR 5 1.1, 95% CI 0.1-
21.5) or seroconversion (RR 5 0.6, 95% CI 0.03-15.2).

When comparing any antiviral therapy versus control
for maternal harms, no statistically significant difference
was found in postpartum hemorrhage rate, cesarean sec-
tion rate, and elevated creatine kinase rate. The quality of
the evidence in maternal outcomes was very low due to the
observational nature of the studies, imprecision, and indi-
rectness. Figures 7–9 show maternal outcomes reported at
delivery in studies comparing lamivudine, telbivudine, and
tenofovir treatment versus control group, respectively. Sup-
porting Table 2 summarizes the quality of evidence (Grad-
ing of Recommendations Assessment, Development, and
Evaluation) for infant and maternal outcomes.

Publication Bias. We were unable to evaluate publi-
cation bias due to the small number of studies for each
outcome.

Discussion

For women who are or may become pregnant, con-
sideration of the potential harms and benefits to the

fetus as well as the mother complicates medication treat-
ment decisions, such as administering antiviral therapy
for CHB during pregnancy. Although the benefit for
antiviral therapy is unproven for the many women of
childbearing age who are in the immune tolerant phase
of CHB, these women have the highest risk of MTCT.
Thus, characterizing the safety of these medications for
the mother and fetus during pregnancy can help inform
potential treatment choices for women of childbearing
age. Even for women who are in the immune active
phase of CHB infection antiviral treatment may be post-
poned until after completion of childbearing as long as
they have compensated liver disease. Additionally, post-
delivery neonatal combined immunoprophylaxis suc-
cessfully prevents HBV infection in approximately 90%
of infants. Thus, prevention of MTCT of HBV does not
necessarily mandate antiviral treatment during preg-
nancy for most women. However, the current failure
rate of postexposure neonatal immunoprophylaxis
against MTCT of HBV may be unacceptably high
(�9%) in women with high levels of viremia (serum
HBV DNA >106 copies/mL; �2 3 105 IU/mL).10

Fig. 6. Forest plot of congenital malformation and prematurity rates reported for studies comparing any antiviral therapy versus control.
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Among infants who received hepatitis B vaccine start-
ing at birth, this meta-analysis found that antiviral ther-
apy with lamivudine, telbivudine, or tenofovir in
pregnant women with high levels of HBV DNA reduced
MTCT rates, with over 70% reductions in the rates of
infant HBsAg and HBV DNA positivity at 6-12 months
postpartum. In non-head-to-head trials, telbivudine
showed higher rates of HBV DNA suppression, ALT
normalization, and HBeAg seroconversion than lamivu-
dine. For tenofovir, there were insufficient controlled
outcome data. No safety issues for maternal or fetal out-
comes were identified in our meta-analysis of these stud-
ies. Thus, antiviral therapy in the third trimester for
women who are HBeAg-positive with an HBV DNA
level greater than 2 3 105 IU/mL to prevent MTCT
seems warranted (see the accompanying AASLD Hepa-
titis B Treatment Guidelines for details).

Although lamivudine, telbivudine, and tenofovir are
licensed for CHB and HIV treatment, none of these
drugs are approved for use in pregnancy. Telbivudine
and tenofovir are currently rated pregnancy category B,
and lamivudine pregnancy category C, by the US Food
and Drug Administration based primarily on animal
data, with no clear evidence of harm in sparse human
data. However, the substantial experience in the use teno-
fovir and lamivudine in HIV-infected pregnant women
to prevent HIV transmission has not identified any sig-
nificant safety concerns for either mother or newborn.20

Recent data in women with HIV have reported lower
bone mineral content in newborns exposed to tenofovir
throughout pregnancy52; but earlier data did not show
any impact on early growth in infants exposed to tenofo-
vir in utero,53 so the significance of this finding is
unclear. Additionally, initiating tenofovir, lamivudine, or

Fig. 7. Forest plot of maternal outcomes for non-RCTs comparing lamivudine versus control at delivery.
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telbivudine for CHB during pregnancy may be less wor-
risome because the antiviral agents are usually started in
the late second or early third trimester in mothers with
high HBV DNA levels, to reduce maternal viremia and
hence the risk of MTCT of HBV. Concern remains over
the propensity to develop viral resistance to lamivudine
or telbivudine54 if it is used throughout the pregnancy or
postpartum, rather than restricted to the late second or
third trimester. On the other hand, tenofovir has a high
resistance barrier with no resistance identified to date
after up to 6 years of monotherapy for CHB.55

The major limitation of this systematic review is the
absence of studies warranting high confidence. With a
paucity of RCTs, most of the data are derived from
cohort studies, which are subject to significant biases,

especially selection bias. Additionally, despite a report
from the Antiretroviral Pregnancy Registry finding no
increased risk of birth defects for lamivudine or tenofo-
vir,25 data on fetal safety with antivirals remain limited,
particularly for telbivudine. Recommendations for man-
agement of chronic HBV infection during pregnancy
are provided in the updated AASLD guidelines.56

In conclusion, in pregnant women with chronic HBV
infection, the oral antiviral therapies lamivudine, telbi-
vudine, and tenofovir lower HBV DNA levels as they
do in nonpregnant women and reduce the rates of
MTCT. These effects were demonstrated in women
who are HBeAg-positive with high viral loads (>106

copies or �2 3 105 IU/mL). The limited safety data
suggest no increased risk of adverse maternal or fetal

Fig. 8. Forest plot of maternal outcomes for non-RCTs comparing telbivudine versus control at delivery.
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outcomes. Larger-scale RCTs of tenofovir are ongoing,
and these results are eagerly awaited. In the meantime,
the use of these agents in women who are HBeAg-
positive and have HBV DNA >106 copies/mL
(200,000 IU/mL) in the third trimester to prevent
MTCT is recommended.
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