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Hepatitis B is a serious public health problem all around the world. It is a blood-borne and sexually transmittedDNA virus in adults,
but mother to child transmission of hepatitis B virus also occurs in infants born to hepatitis B surface antigen positive mothers.

1. Epidemiology

About 350 million individuals have chronic HBV infection
worldwide, and half of them acquired the infection either
through perinatal route or in early childhood [1, 2], the latter
being mostly asymptomatic, frequently goes unrecognized,
yet 30–90%of themwill develop chronic infection, whichwill
not be diagnosed until adulthood [3–7].

2. Modes of HBV Transmission in
Infants and Children

The modes of HBV transmission at an early age are (i) peri-
natal transmission, (ii) vertical transmission from an infected
mother to her infant, or (iii) horizontal transmission from an
infected household contact to the child [8].

3. Risk Factors for Mother to Child
Transmission (MTCT)

The presence of HBeAg in serum is an indicator of viral
replication. It is often used as a marker of ability to spread
the virus to other people. HBeAg can filter through the
placenta and can infect the fetus. Mother to child transmis-
sion rate is about 70–90% for HBeAg-positive mothers, 25%

for HBeAg-negative/HBeAb-negative mothers, and 12% for
HBeAg-negative/anti-HBe-positive mothers [9–13]. While
there is only 6.6% transient infection in infants born to
HBeAg-positive mothers, no persistent infection has been
documented.

High level of HBV DNA is the main risk factor for
perinatal transmission in pregnant women. HBV can infect
the placental tissue and vascular endothelium. HBV DNA is
also present in sperms of HBV-infectedmales, and homology
between the father and child’s viral sequences has been found
[12, 14].

HBV can infect the follicular fluid and ovary, and studies
have suggested that high levels of maternal HBV DNA
enhance HBV transmission to embryos. Nie et al. demon-
strated HBV replication in 50% embryos from mothers with
HBV viremia versus 7% in mothers with undetectable levels
of HBV DNA [15–17].

As regards the HBV genotype, some Japanese studies
showed association between genotype C and MTCT when
compared with other genotypes which were refuted by some
later Chinese studies. Similarly the role of precore mutant
(HBeAg-negative) and basal core mutation is also not very
well documented in MTCT. Therefore, no conclusive evi-
dence can be drawn regarding association of HBV genotypes
(A, B, C, and D) and perinatal transmission [16–19].
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4. Routes for Mother to Child
Transmission (MTCT)

Intrauterine transmission is the detection of HBsAg or HBV
DNA in neonatal peripheral venous blood or cord blood.
It may occur either from sperms or maternal oocytes in
early embryonic stage. Mother to child transmission during
intrauterine life occurs through maternal blood cells to cells
in the placenta or by placental leakage at the time of preterm
labor [17, 20].

Intrapartum transmission has strong association with
duration of the first stage of labour lasting >9 hours. Partial
placental leakage and trauma due to instrumentation during
labour increase the rate of MTCT due to mixing of fetal and
maternal blood (microtransfusion) [21].

There is no convincing evidence that postpartum trans-
mission occurs due to ingested vaginal secretion at the time
of birth, although the HBsAg was detectable in 90% of gastric
lavage fluid of infants born to infected mothers, probably due
to intact oral and gastric mucosa [22].

Post partum HBV MTCT with breastfeeding is also
controversial. HBsAg was detected in 72% of breast milk
samples and can be transmitted especially if mothers had
abrasion on nipple. However, the published data does not
support the risk of transmission through this route [23].

5. Screening for HBV Infection
during Pregnancy

There is no consistent universal policy for screening HBV
infection in pregnancy. Also, universal testing has financial
implications in developing countries of Asia and Africa and
is suggested in high-risk mothers only. HBsAg testing should
be done at the first prenatal visit with other recommended
screening tests. US Preventive Service Task Force (USPSTF)
has recommended HBsAg testing in every pregnant woman
regardless of previous testing or vaccination at the time of
hospital admission or other delivery setting; women with
unknown HBsAg status or with new or continuing risk
factors for HBV infection should be screened again at the
time of delivery [24].

In Europe, many countries rely on risk factors to deter-
mine indication of screening as there is no uniform policy
for HBV testing during pregnancy. However, a recent report
from Denmark indicated that approximately 50% of infected
pregnant women would not have been identified using this
strategy [25, 26]. The changing immigration patterns in
Europe and USA also favor a more general or universal
screening and immunization program [27].

Screening is the main key factor in the successful preven-
tion and control of HBV infection. Thus, keeping in view the
high perinatalHBV transmission rate, it is recommended that
all pregnant women should be tested for HBsAg at the time
of first antenatal visit and followed accordingly. Screening for
HBV infection during pregnancy is the most effective way to
identify newborns that require prophylaxis with hepatitis B
vaccine and HBIG as well as pregnant women who require
antiviral therapy.

6. Prevention of Mother to Child
Transmission (MTCT)

6.1. Prevention In Utero and during Delivery. Although
neonatal immunization may result in 75% to 90% reduction
of the HBV carrier rate [28–31], at least 10% of the cases
of HBV transmission cannot be prevented by this method.
According to literature, 88% of the children with break-
through infection had HBsAg positive mothers with HBeAg-
positive status [1, 12, 30–36].The explanation for this high risk
of transmission for HBeAg-positive mother is the inability of
HBeAg to enter fetal circulation via placenta and to induce
T-cell tolerance in utero [37]. The maternal HBeAg-positive
status and a highHBVDNA load are strongly associated with
intrauterine transmission [38]. Decreasing maternal HBV
DNA viral load might thus be an effective way to reduce the
rate of HBV infection in infants.

6.2. Role of Antiviral Therapy in Prevention of MTCT. Preg-
nant women with chronic hepatitis B should have baseline
evaluations including hepatitis B surface antigen (HBsAg),
HBeAg, antibody to HBeAg (anti-HBe), HBV DNA, and
serologic markers for the presence of other viral infections
[39]. Mothers with serious abnormalities in liver functions
are more prone to maternal (postpartum hemorrhage, puer-
peral infection) as well as fetal (low body weight infants, fetal
distress, premature birth, fetal death, and neonatal asphyxia)
complications. Regularmonitoring of liver function andHBV
DNA level should be performed in the gestational period to
determine (i) the progression of liver disease and (ii) the need
for antiviral therapy [40].

The main complications associated with cirrhotic liver
disease in pregnancy are rupture and bleeding from eso-
phageal varices (20%–25%). They mostly occur especially
during the second trimester or labor. Endoscopic band
ligation is the standard treatment option for women planning
a pregnancy in the presence of known esophageal varices [41].
Other options like shunt surgery or even liver transplantation
before pregnancy should also be considered. All patients
should undergo upper endoscopy for assessment of varices in
the second trimester. Beta blocker therapy is mandatory for
large varices, despite concerns of occasional fetal effects [42].

Anumber of factors influence treatment option inwomen
of childbearing age.Themost important aspect to consider is
the safety of antiviral drugs in pregnancy and breastfeeding.
Other factors include agent’s efficacy and its barrier to
resistance and proposed length of therapy. Therapy can be
delayed if pregnancy is planned in near future. A careful
assessment of the degree of hepatic activity and fibrosis,
with either liver biopsy or noninvasive method, is required
in these cases [43, 44]. In cases of pregnant patients with
established liver cirrhosis, therapy with oral antiviral agents
(lamivudine, tenofovir, or telbivudine) is advised along with
regular monitoring [45].

Interferon is contraindicated during pregnancy, and non-
pregnant women taking Interferon-based antiviral regimen
are advised to use strict contraception during treatment. It
may also be stressed that pregnancy should be planned at
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least 6 months after discontinuation of interferon. Interferon
can be used due to a defined period (48–96wk) of treatment,
and a high chance of clinical remission is expected along with
HBeAg seroconversion [46].

Lamivudine treatment is also safe and effective for chro-
nic HBV-infected pregnant women in early pregnancy or
perinatal period, and there are no complications or adverse
events associated with it. It has also got no effect on fertil-
ization or embryonic development, and there is no evidence
of increase in the incidence of congenital abnormalities in
infants. Importantly, it enhances the blocking rate of mother
to infant transmission [47].

The therapeutic effect of lamivudine in late pregnancy for
the interruption of mother to child transmission (MTCT)
of hepatitis B virus (HBV) is now well documented. In a
recent meta-analysis conducted by Han et al., compared with
controls (placebo or no treatment), lamivudine treatment for
the HBV-carrier mothers significantly interrupted MTCT.
The efficacy (RR, 95% CI) of lamivudine treatment versus
control in 8 RCTs was 0.43, (0.25–0.76); 𝑃 < 0.01, with
significant heterogeneity (𝑃 = 0.04, 𝐼2 = 52%) as indicated by
serum HBsAg. If HBsAg is used as a sole indicator, lamivu-
dine treatment could not significantly interruptMTCT in the
mothers with a viral load >108 copies/mL (before treatment)
or in those with a viral load >106 copies/mL (after the
treatment). However, lamivudine significantly interrupted
MTCT if newborn HBV DNA was used as an indicator with
(viral loads criteria as before) [48].

In a recent article by Jiang et al., the therapeutic effi-
cacy and safety of lamivudine treatment in late pregnancy
were evaluated by analyzing the maternal-fetal outcomes of
chronic hepatitis B (CHB) mothers featuring hepatitis B e
antigen-(HBeAg-) positivity and highly viremic status. The
lamivudine-treated group in contrast to control group had
better virological response (97.56%), higher ALT normaliza-
tion rate (90.20% versus controls: 55.88%; 𝜒2 = 13.349,
𝑃 < 0.001), and significantly lower HBeAg titer (957.73 ±
458.42 versus controls: 1296.35 ± 383.14 S/CO; 𝑡 = −5.410,
𝑃 < 0.001). At birth, the infants from lamivudine-treated
mothers had significantly lower HBsAg-positivity (15.24%
versus controls: 30.43%; 𝜒2 = 8.284, 𝑃 = 0.004). Importantly,
none of the infants born to lamivudine-treatedmothers tested
positive for HBsAg by 7–12 months after birth, compared to
8.70% of the infants born to mothers in the control group
(𝜒2 = 14.721, 𝑃 < 0.001) [49].

Although lamivudine is a pregnancy category C drug, it
still has a relatively high safety profile. Lamivudine treatment
for HBV carrier mothers should be initiated at week 28 of
gestation. For the HBV carrier mothers with viral load >108
copies/mL, antiviral treatment with lamivudine alone might
be not enough to interruptMTCT.MTCTmight be efficiently
interrupted if maternal viral load is decreased to the level of
<106 copies/mL by lamivudine treatment.

Lamivudine is classified as FDA pregnancy risk category
B. In 2011, State Food and Drug Administration approved its
use as antiviral drug for CHB. In comparison to lamivudine,
it has demonstrated faster and better efficacy in patients with
HBeAg-positive and HBeAg-negative CHB disease [50]. In a

recent meta-analysis by Deng et al., the pooled results clearly
showed significantly lower seropositivity rate for HBsAg or
HBV DNA in the telbivudine group (both at birth and at 6–
12 months of followup). Maternal HBV DNA levels before
delivery were also significantly lower in the telbivudine group
[51]. It has also been shown to be safe and effective for entire
length of pregnancy with 100% success rate for blocking
MTCT [52].

In a prospective and open-labeled study evaluating safety
of telbivudine, a marked reduction in serum HBV DNA and
hepatitis B e antigen (HBeAg) levels alongwith normalization
of elevated ALT levels before delivery was observed with
telbivudine treatment. HBV DNA levels start to decline
by week 4 and were sustained at a low level after week
12. 33% telbivudine-treated mothers and none (0%) of the
untreated controls had PCR-undetectable viremia (DNA <
500 copies/mL) at delivery. The incidence of perinatal trans-
mission was lower in the infants that completed followup
born to the telbivudine-treated mothers after seven months
of delivery (0% versus controls: 8%; 𝑃 = 0.002). The
above-mentioned data supports the use of telbivudine in
this special population [36]. In conclusion, telbivudine used
during pregnancy is well tolerated and can safely reduce
perinatal HBV transmission in CHB HBeAg+ and highly
viremic mothers, with no safety concerns in the telbivudine-
treated mothers or their infants on short-term followup.

Tenofovir is another antiviral drug (category B in preg-
nancy) with high efficacy and resistant barrier against HBV
infection. It is not yet widely studied but definitely will be
more effective in reducing HBV MTCT along with a good
safety profile [45].

Keeping in view the above data, quantification of HBV
DNA is recommended in all infected women at the end of
second trimester at 26–28 week of gestation. If the viral load
is >106 copies/mL, antiviral prophylaxis can be started early
in the third trimester. In the absence of active liver disease or
cirrhosis at base line, treatment can be discontinued 4 weeks
after delivery. Breast feeding is not recommended during
antiviral treatment [45, 46].

6.3. Mode of Delivery. There is no consensus on the issue
of whether different mode of delivery will affect the risk
of mother to child HBV transmission. Yang et al. [53] per-
formed a meta-analysis of four randomized trials involving
789 pregnant women. The results favored elective caesarian
section (ECS) over vaginal delivery due to effective reduction
in the rate of mother to child transmission of HBV in the
former (ECS 10.5% versus vaginal delivery 28.0%), however,
the conclusion of this review must be considered with great
caution due to high risk of bias in each study. Furthermore,
there were limitations in these studies as per description
of methodology used and category C classification of trials.
Therefore, ECS is not recommended to preventMTCT except
in individual cases with high HBV DNA load or coexisting
HIV infection.

6.4. Management of Neonates. Administration of immuno-
prophylaxis to newborn clearly reduces the rate of perinatal
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Figure 1: Algorithm for risk assessment and prevention of MTCT
of HBV. Adopted from Clinical Gastroenterology and Hepatology
2012; 10; 452–459.

HBV transmission. In a meta-analysis by Lee et al., the
relative risk of neonatal HBV infection after HBV vaccine
administration was 0.28 (95% (CI) 0.2–0.4) compared with
those who received no vaccination. The addition of HBIG to
the vaccine further reduced the relative risk 0.54 (95% (CI)
0.41–0.73) when compared to vaccination alone [54].

For new born infants of HBsAg-positive/HBeAg-positive
mothers (high risk infants), HBV vaccination and HBIG
should be administered within 24 hours after birth followed
by two additional vaccine doses (at 1 and 6months) (Figure 1).
The timing of the first dose of vaccine in relation to birth
is the most important factor in determining the efficacy of
vaccination while increasing the interval between the first 2
doses has little effect on final antibody concentration [55, 56].
Efficacy is optimal when the vaccine is administered within
12–24 hours after birth but declines over next 24 hours and
thereafter. The universally agreed recommendation for birth
dose is “as soon as possible after birth” (preferably within 24
hours) [57–61].

For new born infants of HBsAg-positive and HBeAg-
negative mothers (low-risk infants), the risk of chronic
infection is <10%. According to the recommendation of
Advisory committee on Immunization Practice (ACIP),
USA, the infants born to HBsAg-positive mothers should
receive single-antigen hepatitis B vaccine and HBIG within
12 hours of birth administered at different injection sites.
The vaccine series should be completed according to the
recommended schedule.The final dose of vaccine should not
be administered before 24 weeks, age [58].

Women with unknown HBsAg status at the time of
delivery should have blood drawn and tested as soon as
possible after admission. While test results are pending, all
infants born to these women should receive the first dose of
single-antigen hepatitis B vaccine (without HBIG) within 12

hours of birth. If the mother turns out to be HBsAg-positive,
the child should receive HBIG as soon as possible not later
than seven days of birth. The rest of the schedule dose
should be completed accordingly. Infants born to HBsAg-
negative mothers should receive single-antigen hepatitis B
vaccine intramuscularly before discharge from the hospital
and should complete the series accordingl to the schedule
[61].

6.5. Timely Administration of Birth Dose Vaccine. Adminis-
tration ofHBVvaccinewithin 24 hours of birth looks promis-
ing in a hospital or at a health care setting but in remote areas
of developing countries with high HBV prevalence and poor
health care infrastructure, timely administration of birth dose
is almost impossible. According to a Chinese nationwide
survey conducted in 1999, only 38.9% children had received
the birth dose within 24 hours of birth. Among children born
at home, timely administration of first dose was even lower
(maximum 16.7%). In certain regions of China, Indonesia,
and Vietnam, different strategies were adopted to improve
the timely administration of birth dose, including out of the
cold chain (OCC) use of vaccine use of a prefilled monodose,
auto-disable device (uniject). Efforts have also been made to
increase the awareness of these strategies [8, 62, 63].

The usual route of HBV vaccine administration is intra-
muscular but it was suggested that intradermal vaccine injec-
tion might improve the immunogenicity due to enhanced
T-cell response as well as prolonged persistent of HBsAg in
skin. An accelerated vaccination schedule also improves the
immunogenic response but is not supported bymeta-analysis
[64].

6.6. Low Birth Weight and Preterm Infants. A lower antibody
response toHBV vaccination in preterm infants (birth weight
< 2000 g) born to HBsAg-negative mothers initially leads
the American Academy of Pediatrics (AAP) to recommend
deference of HBV vaccine first dose until they reached 2000 g
or 2 months of age [53–55]. Subsequent studies in the United
States, Europe, and Middle East indicated that three doses
of HBV-vaccine provide protective levels of HBsAb, that are
comparable to full term infant. The current AAP and ACIP
recommendations for preterm newborns includes screening
for HBsAg status of the mother and administering the birth
dose plus HBIG to all new born who are at risk of HBV
exposure [60, 65]. If mother is HBsAg-positive or if no
maternal screening is available, the first HBV vaccine dose
should be administered at birth and a total of 4 HBV vaccine
doses are recommended, only in low risk infants with birth
weight <2000 g, the birth dose may be deferred to 30 days
of age. WHO recommends that even if the birth weight is
<2000 g, the birth dose should still be given within 24 hours
but should not be counted towards the primary series and
three additional doses should be given [61].

6.7. Breast Feeding and HBV MTCT. Beasley et al. compared
rate of HBV transmission among breastfed and nonbreastfed
babies of HBsAg-positive mothers (53% versus 60%) which
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markedly reduced with administration of immuneoprophy-
laxis (0% versus 3%) [23]. It is also documented that in
addition to HBsAg, HBeAg and HBV DNA are also present
in breast milk. In addition, both clostral HBsAg and HBeAg
titers correlate with levels in maternal blood [66–68]. In
another study, HBV DNA was found in 81.25% of Chi-
nese mothers (HBsAg and HBeAg positive) and in 45.24%
(HBeAg-negative) [69]. Several studies from USA, Taiwan,
China, and Italy have reported that breast feeding of HBV-
infected mothers carries no additional risk of mother to
child transmission [70–72]. Similarly no correlation is found
between MTCT and duration of breast feeding. In infants
receiving HBIG and HBV vaccine, WHO and American
Academy of Pediatrics have also recommended that breast
feeding is not a contraindication [73]. In authors opinion,
before embarking on any formal recommendations, further
reviews and meta-analysis are required on this issue.

Key Points

(1) MTCT transmission is an important mode of HBV
transmission.

(2) Chronicity rate of perinatal infection is much higher
(90%) than adulthood transmission (10%–20%).

(3) All pregnant mothers should be screened for HBsAg
at third trimester of pregnancy.

(4) HBeAg positivity and high HBV DNA level (>10 × 6
copies) in pregnant mothers carries a high risk (70%–
90%) ofMTCT as compared toHBs-positive/HBeAg-
negative mothers (15%–20%).

(5) Administration of oral nucleoside analogue (LAM,
Telbivudine, Tenofovir) in third trimester in HBs
positive/HBeAg positive significantly reduces the risk
of MTCT.

(6) Adequate administration of immunoprophylaxis
(HBV vaccine + HBIG) within 24 hours of birth is
highly effective method to prevent MTCT.

(7) Breast feeding is not contraindicated in HBs positive
mothers to infants who receive complete immuno-
prophylaxis.

References

[1] M. M. Jonas, “Hepatitis B and pregnancy: an underestimated
issue,” Liver International, vol. 29, no. 1, pp. 133–139, 2009.

[2] D. Lavanchy, “Hepatitis B virus epidemiology, disease burden,
treatment, arid current and emerging prevention and control
measures,” Journal of Viral Hepatitis, vol. 11, no. 2, pp. 97–107,
2004.

[3] Centers for Disease Control and Prevention (CDC), “Assessing
completeness of perinatal hepatitis B virus infection reporting
through comparison of immunization program and surveil-
lance data: United States,” Morbidity and Mortality Weekly
Report, vol. 60, pp. 410–413, 2011.

[4] R. P. Beasley, C. Trepo, C. E. Stevens, and W. Szmuness, “The e
antigen and vertical transmission of hepatitis B surface antigen,”
American Journal of Epidemiology, vol. 105, no. 2, pp. 94–98,
1977.

[5] B. J. McMahon, W. L. M. Alward, D. B. Hall et al., “Acute
hepatitis B virus infection: relation of age to the clinical
expression of disease and subsequent development of the carrier
state,” Journal of Infectious Diseases, vol. 151, no. 4, pp. 599–603,
1985.

[6] W. J. Edmunds, G. F. Medley, D. J. Nokes, A. J. Hall, and H.
C. Whittle, “The influence of age on the development of the
hepatitis B carrier state,” Proceedings of the Royal Society B:
Biological Sciences, vol. 253, no. 1337, pp. 197–201, 1993.

[7] R. P. Beasley, L. Y. Hwang, G. C. Lee et al., “Prevention
of perinatally transmitted hepatitis B virus infections with
hepatitis B immune globulin and hepatitis B vaccine,” The
Lancet, vol. 2, no. 8359, pp. 1099–1102, 1983.

[8] N. Leung, “Chronic hepatitis B in Asian women of childbearing
age,” Hepatology International, vol. 3, supplement 1, pp. 24–31,
2009.

[9] D. Z. Xu, Y. P. Yan, B. C. Choi et al., “Risk factors andmechanism
of transplacental transmission of hepatitis B virus: a case-
control study,” Journal of Medical Virology, vol. 67, no. 1, pp. 20–
26, 2002.

[10] Z. Wang, J. Zhang, H. Yang et al., “Quantitative analysis of
HBV DNA level and HBeAg titer in hepatitis B surface antigen
positive mothers and their babies: HBeAg passage through the
placenta and the rate of decay in babies,” Journal of Medical
Virology, vol. 71, no. 3, pp. 360–366, 2003.

[11] N. A. Terrault and I. M. Jacobson, “Treating chronic hepatitis
B infection in patients who are pregnant or are undergoing
immunosuppressive chemotherapy,” Seminars in Liver Disease,
vol. 27, supplement 1, pp. 18–24, 2007.

[12] H. Bai, L. Zhang, L. Ma, X. G. Dou, G. H. Feng, and G. Z. Zhao,
“Relationship of hepatitis B virus infection of placental barrier
and hepatitis B virus intra-uterine transmission mechanism,”
World Journal of Gastroenterology, vol. 13, no. 26, pp. 3625–3630,
2007.

[13] W. M. Xu, Y. T. Cui, L. Wang et al., “Lamivudine in late
pregnancy to prevent perinatal transmission of hepatitis B virus
infection: a multicentre, randomized, double-blind, placebo-
controlled study,” Journal of Viral Hepatitis, vol. 16, no. 2, pp.
94–103, 2009.

[14] S. L. Zhang, Y. F. Yue,G.Q. Bai, L. Shi, andH. Jiang, “Mechanism
of intrauterine infection of hepatitis B virus,”TheWorld Journal
of Gastroenterology, vol. 10, pp. 437–438, 2004.

[15] D. Milich and T. J. Liang, “Exploring the biological basis of
hepatitis B e antigen in hepatitis B virus infection,”Hepatology,
vol. 38, no. 5, pp. 1075–1086, 2003.

[16] S. L. Liu, Y. Dong, L. Zhang et al., “Influence of HBV gene het-
erogeneity on the failure of immunizationwithHBVvaccines in
eastern China,”Archives of Virology, vol. 154, no. 3, pp. 437–443,
2009.

[17] R. Nie, L. Jin, H. Zhang, B. Xu, W. Chen, and G. Zhu, “Presence
of hepatitis B virus in oocytes and embryos: a risk of hepatitis
B virus transmission during in vitro fertilization,” Fertility and
Sterility, vol. 95, no. 5, pp. 1667–1671, 2011.

[18] A. E. Singh, S. S. Plitt, C. Osiowy et al., “Factors associated
with vaccine failure and vertical transmission of hepatitis B
among a cohort of canadian mothers and infants,” Journal of
Viral Hepatitis, vol. 18, no. 7, pp. 468–473, 2011.

[19] A. Inui, H. Komatsu, T. Sogo, T. Nagai, K. Abe, and T. Fujisawa,
“Hepatitis B virus genotypes in children and adolescents in
Japan: before and after immunization for the prevention of
mother to infant transmission of hepatitis B virus,” Journal of
Medical Virology, vol. 79, no. 6, pp. 670–675, 2007.



6 International Journal of Hepatology

[20] S.Wang, G. Peng,M. Li et al., “Identification of hepatitis B virus
vertical transmission from father to fetus by direct sequencing,”
Southeast Asian Journal of Tropical Medicine and Public Health,
vol. 34, no. 1, pp. 106–113, 2003.

[21] V. C. Wong, A. K. Lee, and H. M. Ip, “Transmission of hepatitis
B antigens from symptom free carrier mothers to the fetus and
the infant,” British Journal of Obstetrics and Gynaecology, vol. 87,
no. 11, pp. 958–965, 1980.

[22] K. Tse, S. L. Y. Siu, K. T. Yip et al., “Immuno-prophylaxis of
babies borne to hepatitis B carrier mothers,”Hong KongMedical
Journal, vol. 12, no. 5, pp. 368–374, 2006.

[23] R. P. Beasley, C. E. Stevens, I. S. Shiao, and H. C. Meng,
“Evidence against breast feeding as a mechanism for vertical
transmission of hepatitis B,”TheLancet, vol. 2, no. 7938, pp. 740–
741, 1975.

[24] Centers for Disease Control, “A comprehensive immunization
strategy to eliminate transmission of hepatitis B virus infection
in the United States. Recommendations of the Advisory Com-
mittee on immunization practices. Part 1: childhood immuniza-
tion,”Morbidity andMortalityWeekly Report, vol. 54, no. RR-16,
pp. 1–32, 2005.

[25] S. A. Cowan, J. Bagdonaite, and K. Qureshi, “Universal hepatitis
B screening of pregnant women in Denmark ascertains sub-
stantial additional infections: results from the first fivemonths,”
Euro Surveillance, vol. 11, no. 6, article E060608.3, 2006.

[26] M. M. Jonas, E. R. Schiff, M. J. O’Sullivan et al., “Failure of
Centers for Disease Control criteria to identify hepatitis B
infection in a large municipal obstetrical population,” Annals of
Internal Medicine, vol. 107, no. 3, pp. 335–337, 1987.

[27] J. Zuckerman, J. van Hattum, M. Cafferkey et al., “Should hep-
atitis B vaccination be introduced into childhood immunisation
programmes in northern Europe?” Lancet Infectious Diseases,
vol. 7, no. 6, pp. 410–419, 2007.

[28] K. J. Lo, Y. T. Tsai, S. D. Lee et al., “Immunoprophylaxis of
infection with hepatitis B virus in infants born to hepatitis B
surface antigen-positive carrier mothers,” Journal of Infectious
Diseases, vol. 152, no. 4, pp. 817–822, 1985.

[29] M. Fortuin, J. Chotard, A. D. Jack et al., “Efficacy of hepatitis B
vaccine in the Gambian expanded programme on immunisa-
tion,” Lancet, vol. 341, no. 8853, pp. 1129–1131, 1993.

[30] P. I. Lee, C. Y. Lee, L.M.Huang, J.M.Chen, andM.H.Chang, “A
follow-up study of combined vaccination with plasma-derived
and recombinant hepatitis B vaccines in infants,” Vaccine, vol.
13, no. 17, pp. 1685–1689, 1995.

[31] Y. H. Ni, L. M. Huang, M. H. Chang et al., “Two decades
of universal hepatitis B vaccination in Taiwan: impact and
implication for future strategies,” Gastroenterology, vol. 132, no.
4, pp. 1287–1293, 2007.

[32] H. M. Hsu, D. S. Chen, C. H. Chuang et al., “Efficacy of a mass
hepatitis B vaccination program in Taiwan. Studies on 3464
infants of hepatitis B surface antigen-carrier mothers,” Journal
of the American Medical Association, vol. 260, no. 15, pp. 2231–
2235, 1988.

[33] Y. M. Song, J. Sung, S. Yang, Y. H. Choe, Y. S. Chang, and W.
S. Park, “Factors associated with immunoprophylaxis failure
against vertical transmission of hepatitis B virus,” European
Journal of Pediatrics, vol. 166, no. 8, pp. 813–818, 2007.

[34] E. Wiseman, M. A. Fraser, S. Holden et al., “Perinatal trans-
mission of hepatitis B virus: an Australian experience,”Medical
Journal of Australia, vol. 190, no. 9, pp. 489–492, 2009.

[35] WHO, Report on the Expanded Program on Immunization
(EPI), Department of Vaccines and Biologicals, WHO, Geneva,

Switzerland, 2012, (Post-exposure immunization for hepatitis
B), http://www.who.int/immunization/.

[36] G. R. Han, M. K. Cao, W. Zhao et al., “A prospective and
open-label study for the efficacy and safety of telbivudine
in pregnancy for the prevention of perinatal transmission of
hepatitis B virus infection,” Journal of Hepatology, vol. 55, no.
6, pp. 1215–1221, 2011.

[37] J. S.Wang, H. Chen, andQ. R. Zhu, “Transformation of hepatits
B serologicmarkers in babies born to hepatitis B surface antigen
positive mothers,”World Journal of Gastroenterology, vol. 11, no.
23, pp. 3582–3585, 2005.

[38] W. L. Zhang, J. Zhao, and W. Li, “Influencing factors of mother
infant vertical transmission of hepatitis B virus,” Zhongguo
Dang Dai Er Ke Za Zhi, vol. 13, no. 8, pp. 644–646, 2011.

[39] G. R. Han, C. L. Xu, W. Zhao, and Y. F. Yang, “Management of
chronic hepatitis B in pregnancy,” World Journal of Gastroen-
terology, vol. 18, no. 33, pp. 4517–4521, 2012.

[40] S. Sinha and M. Kumar, “Pregnancy and chronic hepatitis B
virus infection,” Hepatology Research, vol. 40, no. 1, pp. 31–48,
2010.

[41] G. Borgia, M. A. Carleo, G. B. Gaeta, and I. Gentile, “Hepatitis
B in pregnancy,” World Journal of Gastroenterology, vol. 18, no.
34, pp. 4677–4683, 2012.

[42] J. E. Hay, “Liver disease in pregnancy,” Hepatology, vol. 47, pp.
1067–1076, 2008.

[43] E. B. Keeffe, D. T. Dieterich, S. H. B. Han et al., “A treatment
algorithm for the management of chronic hepatitis B virus
infection in the United States: 2008 update,” Clinical Gastroen-
terology and Hepatology, vol. 6, no. 12, pp. 1315–1341, 2008.

[44] G. K. K. Lau, T. Piratvisuth, X. L. Kang et al., “Peginterferon
Alfa-2a, lamivudine, and the combination for HBeAg-positive
chronic hepatitis B,” New England Journal of Medicine, vol. 352,
no. 26, pp. 2682–2695, 2005.

[45] T. T. Tran, “Management of hepatitis B in pregnancy: weighing
the options,” Cleveland Clinic Journal of Medicine, vol. 76,
supplement 3, pp. S25–S29, 2009.

[46] N. H. Bzowej, “Hepatitis B therapy in pregnancy,” Current
Hepatitis Reports, vol. 9, pp. 197–204, 2010.

[47] W. Yi, M. Liu, and H. D. Cai, “Safety of lamivudine treatment
for chronic hepatitis B in early pregnancy,” World Journal of
Gastroenterology, vol. 18, no. 45, pp. 6645–6650, 2012.

[48] L. Han, H. W. Zhang, J. X. Xie, Q. Zhang, H. Y. Wang, and
G. W. Cao, “A meta-analysis of lamivudine for interruption of
mother-to-child transmission hepatitis B virus,” World Journal
of Gastroenterology, vol. 17, no. 38, pp. 4321–4333, 2011.

[49] H. X. Jiang, G. R. Han, C. M. Wang, and Y. Ji, “Maternal-
fetal outcomes of lamivudine treatment administered during
late pregnancy to highly viremicmothers withHBeAg+ chronic
hepatitis B,” Zhonghua Gan Zang Bing Za Zhi, vol. 20, no. 12, pp.
888–891, 2012.

[50] C. L. Lai, E. Gane, Y. F. Liaw et al., “Telbivudine versus
lamivudine in patients with chronic hepatitis B,” New England
Journal of Medicine, vol. 357, no. 25, pp. 2576–2588, 2007.

[51] M. Deng, X. Zhou, S. Gao et al., “The effects of telbivudine in
late pregnancy to prevent intrauterine transmission of the hep-
atitis B virus: a systematic review and meta-analysis,” Virology
Journal, vol. 9, article 185, 2012.

[52] M. Liu, H. Cai, and W. Yi, “Safety of telbivudine treatment for
chronic hepatitis B for the entire pregnancy,” Journal of Viral
Hepatitis, supplement 1, pp. 65–70, 2013.

http://www.who.int/immunization/


International Journal of Hepatology 7

[53] J. Yang, X. M. Zeng, Y. L. Men, and L. S. Zhao, “Elective
caesarean section versus vaginal delivery for preventingmother
to child transmission of hepatitis B virus—a systematic review,”
Virology Journal, vol. 5, article 100, 2008.

[54] C. Lee, Y. Gong, J. Brok, E. H. Boxall, and C. Gluud, “Effect
of hepatitis B immunisation in newborn infants of mothers
positive for hepatitis B surface antigen: systematic review and
meta-analysis,” British Medical Journal, vol. 332, no. 7537, pp.
328–332, 2006.

[55] F. E. Andre and A. J. Zuckerman, “Review: protective efficacy
of hepatitis B vaccines in neonates,” Journal of Medical Virology,
vol. 44, no. 2, pp. 144–151, 1994.

[56] N. A. Halsey, L. H. Moulton, J. C. O’Donovan et al., “Hepatitis
B vaccine administered to children and adolescents at yearly
intervals,” Pediatrics, vol. 103, no. 6, pp. 1243–1247, 1999.

[57] P. Coursaget, E. Relyveld, A. Brizard et al., “Simultaneous
injection of hepatitis B vaccine with BCG and killed poliovirus
vaccine,” Vaccine, vol. 10, no. 5, pp. 319–321, 1992.

[58] Viral Hepatitis Prevention Board, “Viral hepatitis in infants
and children: epidemiology and prevention:,” in Viral Hepatitis
Prevention Board meeting, vol. 71, pp. 14–16, Viral Hepatitis,
Lisbon, Portugal, April 1998.

[59] P. Grossheide and P. van Damme, Prevention and Control of
Hepatitis B in the Community, Communication Diseases Series,
1996, edited by J. Hallauer, M. Kane, E. Mcloy, A. Meheus, and
C. Roure.

[60] E. E. Mast, H. S. Margolis, A. E. Fiore et al., “A comprehensive
immunization strategy to eliminate transmission of hepatitis B
virus infection in the United States: recommendations of the
Advisory Committee on Immunization Practices (ACIP) part 1:
immunization of infants, children, and adolescents,” Morbidity
and Mortality Weekly Report, vol. 54, no. 16, pp. 1–31, 2005.

[61] World Health Organization (WHO), “Hepatitis B vaccines.
WHO position paper,” Weekly Epidemiol Record, vol. 28, pp.
255–263, 2004.

[62] D. B. Hipgrave, J. E. Maynard, and B. A. Biggs, “Improving
birth dose coverage of hepatitis B vaccine,” Bulletin of theWorld
Health Organization, vol. 84, no. 1, pp. 65–71, 2006.

[63] B. F. Otto, I. M. Suarnawa, T. Stewart et al., “At-birth immuni-
sation against hepatitis B using a novel pre-filled immunisation
device stored outside the cold chain,” Vaccine, vol. 18, no. 5-6,
pp. 498–502, 1999.

[64] F. Rahman, A. Dahmen, S. Herzog-Hauff, W. O. Böcher, P. R.
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