
Research Article
Hepatitis B Infection and Mother-to-Child Transmission in
Haiphong, Vietnam: A Cohort Study with
Implications for Interventions

Pham Minh Khue ,1 Nguyen Thi Thuy Linh,1 Vu Hai Vinh,2 Luu Vu Dung,3

and Bang Nguyen Van4

1Faculty of Public Health, Haiphong University of Medicine and Pharmacy, Haiphong, Vietnam
2Department of Tropical and Infectious Diseases, Viet-Tiep Hospital, Haiphong, Vietnam
3Department of Biochemistry, Haiphong Gyneco-Obstetric Hospital, Haiphong, Vietnam
4Department of Pediatrics, Hanoi Medical University, Hanoi, Vietnam

Correspondence should be addressed to Pham Minh Khue; pmkhue@hpmu.edu.vn

Received 27 April 2020; Revised 28 July 2020; Accepted 5 August 2020; Published 20 August 2020

Academic Editor: Roberto Amerigo Papini

Copyright © 2020 Pham Minh Khue et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in anymedium, provided the original work is properly cited.

Background. There is little data available on HBV infection and mother-to-child transmission (MTCT) in Vietnam. Objective. This
study is aimed at assessing the prevalence of HBV infection and the current situation of MTCT in Haiphong, Vietnam.Methods. A
transversal survey of 1721 pregnant women followed by an observational prospective cohort study of 183 HBV-infected women
was conducted at Haiphong Gyneco-Obstetric Hospital. Women were followed up up to 12-month postpartum; use of
prevention measures and the MTCT rate were evaluated. HBV infection in children was defined by a HBsAg-positive test at 12
months of age. Results. At baseline, 183 of 1721 pregnant women (10.6%) tested HBsAg positive. Among them, 23.0% were
HBeAg positive, 26.2% had a detectable load of HBV DNA, and 13.1% had a HBV DNA load ≥ 200,000 IU/mL. All women
underwent MTCT prevention antiviral therapy. At delivery, 98.9% of newborns receive a HBV vaccine birth dose, and 82%
received HBIG. At 12 months of age, 94.7% have received the scheduled HBV vaccines. Eight percent of infants born from
followed-up women were HBsAg positive. The mother’s HBeAg-positive status was associated with a higher risk of HBV
infection in infants. Conclusion. The HBV prevalence and MTCT rates are high in Haiphong. A strong national plan to increase
the access to preventive measures and to monitor results is needed in order to decrease this prevalence.

1. Introduction

An estimated 257 million people are living with hepatitis B
virus (HBV) infectionworldwide, 45%of them in theWestern
Pacific Region [1, 2]. Mother-to-child transmission (MTCT)
accounts for the majority of new chronic HBV carriers,
especially in Asia. HBV can be transmitted in utero, during
delivery or during and after infancy [3–5]. About 80–90% of
infants infected at birth will develop chronic HBV infection,
and 20–30% of adults who are HBV chronically infected will
experience serious complications including liver fibrosis,
cirrhosis, hepatocellular carcinoma, and liver-related death
[6]. In 2016, the World Health Assembly adopted the first
global health targets for elimination of viral hepatitis as a

public health threat. The objectives are a reduction of 90% of
new infections and 65% of mortality by 2030, with an aim to
reduce the prevalence of hepatitis B surface antigen (HBsAg)
in children to 1% by 2020 and <0.1% by 2030 [7]. Although
the growing political momentum for viral hepatitis was
strongly welcomed by the hepatitis community and public
health organizations, the targets were recognized as ambitious
in scale. To prevent MTCT, the World Health Organization
(WHO) recommends a universal immunization with at least
3 doses ofHBV vaccines as a first-line prevention against peri-
natal infection for all infants. The first dose of vaccine is to be
administered at birth, along with hyperimmune hepatitis B
immunoglobulin (HBIG) to babies. More recently, it has been
recommended to add antiviral therapy for HBV-infected
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pregnant mothers at high risk of infants’ immunoprophylaxis
failure despite receiving a HBV birth dose vaccination (BDV)
and HBIG [8].

Vietnam accounts for approximately 9.6 million people
living with chronic HBV infection [2, 9]. Chronic HBV is
an important contributing factor to the development of pri-
mary liver cancer and cirrhosis, which is the most common
cause of death in Vietnam [9, 10]. The reported prevalence
of HBsAg in the general population ranged from 15 to 20%
[11–13]. Current estimates suggest that 10.8% of the popula-
tion in Vietnam are living with chronic hepatitis B [2]. HBV
prevalence estimates in pregnant women consulting at an
antenatal care facility range between 10% and 13% [13, 14].
Previous studies in different regions in Vietnam estimate
the incidence of new HBV cases among the general popula-
tion to be 10%-20% of the population each year, mainly
through MTCT [11, 12, 15].

To prevent MTCT, Vietnam has introduced a 4-dose
HBV vaccination schedule (at birth and at 2, 3, and 4 months
after birth, free of charge) beginning in 2004 [11, 13]. In
2014, the Ministry of Health of Vietnam disseminated the
“Guidelines for hepatitis B diagnostic treatment and preven-
tion” in which a HBIG dose is recommended at birth for all
children born from HBsAg-positive mothers and prophylac-
tic HBVMTCT antiviral treatment was prescribed to women
when HBV DNA ≥ 200,000 IU/mL (106 copies/mL) [16, 17].
The antiviral treatment’s cost is covered by health insurance,
but the HBIG cost of nearly 100 USD/dose must be fully paid
by the parents.

This study is aimed at assessing the prevalence of HBV
infection among pregnant women consulting at the antenatal
care clinic of theGyneco-Obstetric Hospital of Haiphong city,
the 3rd largest city of Vietnam, and evaluating the real-life use
of prevention measures and the actual rates of MTCT.

2. Materials and Methods

2.1. Study Subject Sampling and Follow-Up. Haiphong
Gyneco-Obstetric Hospital provides antenatal care and deliv-
ery services to about 4500 pregnant women annually from
different urban and suburban districts of Haiphong city. Ante-
natal care consists of at least three antenatal consultations at
the first, second, and third trimesters of gestation before
delivery. The study design planned to screen approximately
1500 women at an early stage of pregnancy in order to detect
about 150 HBV surface antigen- (HBsAg-) positive pregnant
women, to follow them up, investigate their actual use of
HBV preventive measures, and monitor the MTCT rate.

We invited all pregnant women attending Haiphong
Gyneco-Obstetric Hospital from October 2017 to March
2018 for their early (<24 weeks) gestation consultation to
participate in our study. The women who consented to
participate were asked to be given a screening test for HBV
infection, e.g., a blood HBsAg test. A short questionnaire
was used to collect sociodemographic information such as
age, education level, employment, average income, number
of pregnancies, history of HBV vaccination, and relevant
contact information. Pregnant women were then given an

appointment for the next antenatal consultation at the hospi-
tal by the end of their second trimester of gestation.

At the next antenatal consultation, HBsAg-positive
women were asked to consent to be followed up until 12
months after delivery. Women were interviewed about per-
sonal and family risk factors related to HBV infection such
as history of HBV infection, husband/partner’s HBV infec-
tion status, and information on any of their family members
being infected with HBV. A blood sample was taken for mea-
suring alanine aminotransferase (ALT) serum levels, HBV
markers, and HBV deoxyribonucleic acid (DNA) load. The
antiviral therapy indications for pregnant women were com-
plied with the Vietnamese national “Guidelines for hepatitis
B diagnostic treatment and prevention.” Specifically, Tenofo-
vir (300mg/day orally) was prescribed to HBsAg-positive
women with an ALT serum level ≥two times the upper limit
of the normal value (ULN) when HBV DNA > 20,000 IU/mL
(105 copies/mL) and if they tested positive for HBeAg or
when HBV DNA > 2,000 IU/mL (104 copies/mL) and they
tested negative for HBeAg. Prophylactic HBV MTCT antivi-
ral treatment was prescribed when HBV DNA ≥ 200,000
IU/mL (106 copies/mL) [16, 17].

During their stay at the hospital for delivery, women were
interviewed about their previous use of antiviral treatments.
Information about the mode of delivery, anti-HBV vaccine
dose given at birth, and HBV immunoglobulin immuniza-
tion to the newborn was collected from medical records.
Blood samples from mothers and newborns (umbilical cord)
were taken to test HBV markers and HBV-DNA load.

At 6th and 12th month postpartum, women were con-
tacted to schedule an appointment for a home visit. Informa-
tion regarding the compliance with the infant’s vaccination
schedule and the mode of feeding the child since the last visit
was collected through questionnaire-based interviews with
the mother. A blood sample was taken from the infant at each
visit to test for HBV markers.

2.2. Laboratory. Laboratory testing for HBsAg, HBe antigen
(HBeAg), and HBV DNA load was performed at the Biomo-
lecular Laboratory of Haiphong University of Medicine and
Pharmacy. Measuring HBsAg and HBeAg was performed
using an enzyme-linked immunosorbent assay (ELISA) tech-
nique on a PW 40, IPS, PR 2100 machine with reagents from
Diagnostic Automation/Cortez Diagnostics, Inc., USA.
Quantification of HBV DNA load was measured using real-
time PCR (real-time polymerase chain reaction) using FTD
Hepatitis B DNA from Fast-Track Diagnostics, Luxembourg,
with a detection limit < 50 IU/mL. Alanine aminotransferase
(ALT) levels were measured using the HumaStar 600 auto-
mate (Human company, Germany). Due to limited research
budget, laboratory testing for anti-HBs and ALT levels in the
infants was not performed.

2.3. Data Collection and Analyses. Data were collected using
print Clinical Report Forms, double-entered into an Excel file
(MS Office 365), and then imported and analyzed using
STATA v13.0 (Stata Corp, College Station, TX, USA).

Prevalence of HBV infection among pregnant women
was calculated as number of pregnant women with a positive
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HBsAg result among the women who attended Haiphong
Gyneco-Obstetric Hospital for a prenatal care consultation
during the collection of data period. The rate of HBV MTCT
was calculated as number of infants with a positive HBsAg
result among the total number of infants seen and tested at
12 months of age. The 95% confidence intervals (CI) of the
proportions were calculated using the Clopper-Pearson
method. Comparisons between groups of maternal and
infant characteristics were assessed using Fisher’s exact test
for categorical variables and the Wilcoxon-Mann-Whitney
test for continuous variables. Comparison of proportions of
the same maternal and infant characteristics between two
visits was assessed using the McNemar test for paired data.
Factors associated with infant HBV infection were deter-
mined using univariate logistic regressions. Factors associ-
ated with infant HBV infection variable at p ≤ 0:20 in
univariate analysis were assessed in a multivariable logistic
regression model. Model fitness was assessed by using the
linktest and the Hosmer-Lemeshow test. All tests were two-
sided, and p < 0:05 was considered statistically significant.

2.4. Ethical Consideration. This study was approved by the
Institutional Review Boards of the Haiphong University of
Medicine and Pharmacy, Vietnam (No. 105/HDDD).

3. Results

3.1. Study Participants at Enrollment and Follow-Up. From
October 2017 to March 2018, among 1735 pregnant women
coming to Haiphong Gyneco-Obstetric Hospital for their
early gestation (<week 24) consultation, 1721 (99%) con-
sented to participate in our study. Their mean age was 30
years (SD 5.3, range 18–42 years). One hundred and thirty-
three (10.6%) were HBsAg positive. All 183 participants
consented to be followed up, and all were seen at their next
antenatal consultation and delivery visits. Twenty-four
(13.1%) had a high HBV DNA load (≥200,000 IU/mL). All
women received a MTCT prophylactic antiviral therapy.
Nine women met the HBV disease treatment criteria, but
only 6 (66.7%) were treated. At delivery, all 183 followed-
up women and their newborns were tested for HBV markers
and HBV DNA load. At 6th and 12th month postpartum
follow-up visits, 176 and 150 mother-infant pairs, respec-
tively, received a home visit. Mothers were interviewed, and
infant blood was taken for HBV testing. A total of 33
women-infant pairs (18.0%) who were lost during the 12-
month postpartum follow-up (7 loss to follow-up during first
6 months and 26 loss to follow-up during the last 6 months)
were those who could not be reached by phone neither or at
their address. The baseline characteristics of 33 mothers lost
to follow-up by 12-month postpartum were not significantly
different from those who completed the study follow-up.

3.2. HBsAg Prevalence among Pregnant Women. Table 1 pro-
vides HBsAg prevalence among the 1721 pregnant women
who participated in our study, according to their social-
demographic characteristics. A total of 183 women tested
HBsAg positive giving a prevalence rate of 10.6% (95% CI:
9.2-12.1). Among the 183 HBsAg-positive women, more

than half (52.4%) had a college or a higher level of education.
Most of them (82.5%) had an average income of 250 to 500
USD/month. More than half (56.3%) reported having been
vaccinated against HBV, and more than a quarter (26.2%)
knew that they were HBV infected before pregnancy. These
proportions are equally distributed in all 1721 pregnant
women participating in the study. In general, the HBsAg
prevalence did not differ between different sociodemographic
groups (p > 0:05).

3.3. HBeAg Status and Actual Use of Preventive Measures. A
total of 42 women (23.0%) had a positive HBeAg test.
Table 2 shows some important features of infected women
and their infants followed up up to 12 months of age, strati-
fied by maternal HBeAg status. HBeAg-negative and HBeAg-
positive women were about the same age (median age of 29
versus 30 years, p = 0:59). However, HBeAg-positive women
had a higher ALT level (median of 91U/L versus 29U/L, p
< 0:001). Forty-eight (26.2%) of 183 women had a detectable
HBV DNA load, and 24 of them (13.1%) had a HBV DNA
load higher than 200,000 IU/mL. The proportions were
higher among HBeAg-positive women (80.1% and 52.4%)
compared to HBeAg-negative women (9.9% and 1.4%,
respectively), p < 0:001. Thirty-one women (16.9%) had been
treated with antiviral drugs during their pregnancy repre-
senting 2.1% in the HBeAg-negative group and 66.7% in
the HBeAg-positive group (p < 0:001). At delivery, 37
women (20.2%) still had a detectable HBV DNA load, with
6 (3.3%) having a very high HBV DNA level
(≥200,000 IU/mL). The proportions did not differ between
HBeAg-negative and HBeAg positive-groups (p > 0:05). A
higher proportion of female infants were born to HBeAg-
positive mothers compared to HBeAg-negative mothers
(61.9% vs. 44.0%, p = 0:04). A high rate of infants (98.9%)
received a BDV within 24 hours, and 82.0% received HBIG
immunization at birth. At 12 months of age, 94.7% of infants
had completed the scheduled HBV vaccine doses (Table 2).

3.4. Mother-to-Child Transmission. At 6-month postpartum,
176/183 infants were reachable. All had an undetectable
HBV DNA load, and 23 infants (13.1%) were HBsAg posi-
tive. At 12 months of age, all 150 infants were seen. All had
an undetectable HBV DNA load, and 12 infants (8.0%)
were HBsAg positive. The prevalence of positive HBsAg
was higher among infants born to HBeAg-positive mothers
compared to those born to HBeAg-negative mothers
(17.1% vs. 5.2%, p = 0:02).

Table 3 displays the factors associated with infant’s
HBsAg-positive status at the age of 12 months. The results
show that the risk of being HBsAg positive increased dramat-
ically in infants born to HBeAg-positive mothers (OR = 65:8;
p < 0:001). Having any family member infected with HBV
and not having completed HBV vaccination schedule were
also associated with being HBsAg positive in univariate anal-
yses although this did not become statistically significant in a
multivariable analysis (p > 0:05).

Table 4 shows that among 12 infected children, 10 were
born toHBeAg-positivemothers, 4were born tomotherswith
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a detectableHBVDNA load, 5 had at least one familymember
known to be infected, and 5 did not receive HBIG at birth.

One of the 22 infants born among the 24 women with a
high HBV DNA level (>200.000 IU/mL) at the second tri-
mester of gestation and who had been treated with antiviral
drugs to prevent MTCT was HBsAg positive at 12 months
of age (Table 4, case number 1). The mother of the affected
child had a very high level of HBV DNA load
(1,174,000 IU/mL) during her pregnancy. Her HBV DNA
level had remained relatively high at delivery (82,400 IU/mL).
Among 9 women who met the HBV antiviral treatment cri-
teria for their HBV disease (HBV DNA load > 20,000
IU/mL, HBeAg positive and ALT serum level ≥ 2x ULN), 3
did not take the treatment, and 2 gave birth to HBsAg-
positive infants (Table 4, case numbers 2 and 3). At delivery,
one of these 2 mothers had a rebounded HBV DNA load (to
1,756,000 IU/mL) while one had similar HBV DNA levels
(24,600 IU/mL) as before treatment.

4. Discussion

This observational cohort study carried out on pregnant
women who were followed up at the Gyneco-Obstetric

Hospital of Haiphong is aimed at evaluating the prevalence
HBV infection among pregnant women, describing their
use of preventive measures and the rate of MTCT in the
real-life practice of the Vietnamese health care system.

The first observation is that the overall prevalence rate of
HBsAg is 10.6% (95% CI: 9.2-12.1) among this sample of
pregnant women. To our knowledge, our study is one of very
few studies that report an updated prevalence of HBV infec-
tion among pregnant women in Vietnam. Most of the preva-
lence rates reported come from studies carried in the 1990s
[13, 14]. Acknowledging that our study is not a national
nor a regional prevalence survey, our sampling method
may not represent a perfect population representativeness
and may suffer from possible important selection bias. For
instance, pregnant women in the sample tend to come from
the city of Haiphong, one of the largest urban agglomerations
of Vietnam.Women had a higher monthly income compared
to the national level of <2800 USD/capita/year in 2019 and
had a higher education level compared to those observed in
other population studies [18–20]. Several studies have shown
that a low socioeconomic status was a risk factor for HBV
infection [21]. We can therefore assume that the situation
of other provinces that are mostly rural and remote areas

Table 1: HBsAg prevalence in pregnant women according to their sociodemographic characteristics.

Respondent’s demographics Women tested (N = 1721), n (%) HBsAg positive (N = 183), n (% [95% CI]) p value

Age groups (years)

0.994

Under 25 years 365 (21.2) 39 (10.7 [7.5-13.8])

26-30 years 596 (34.6) 63 (10.6 [8.1-13.0])

31-35 years 477 (27.7) 52 (10.9 [8.1-13.7])

>35 years 283 (16.5) 29 (10.2 [6.7-13.8])

Employment

0.969

Farming 66 (3.8) 6 (9.1 [2.1-16.1])

Blue-collar worker 663 (38.5) 70 (10.6 [8.2-12.9])

Clerk/admin/teacher 583 (33.9) 64 (10.9 [8.4-13.5])

Small trade/housewife 409 (23.8) 43 (10.5 [7.5-13.5])

Educational level

0.983
None-secondary 66 (3.8) 7 (10.6 [3.1-18.1])

High school 763 (44.4) 80 (10.4 [8.3-12.7])

College/university or higher 892 (51.8) 96 (10.8 [8.7-12.8])

Number of pregnancies

0.982
1 650 (37.7) 68 (10.5 [8.1-12.8])

2 836 (48.6) 90 (10.7 [8.7-12.9])

≥3 235 (13.7) 25 (10.6 [6.7-14.6])

Average income (USD/month/capita)

0.983
<250 102 (5.9) 11 (10.8 [4.7-16.8])

250-<500 1428 (83.0) 151 (10.6 [8.9-12.2])

≥500 191 (11.1) 21 (11.0 [6.5-15.4])

Reporting being vaccinated against HBV

0.796Yes 984 (57.2) 103 (10.5 [8.5-12.4])

No 737 (42.8) 80 (10.8 [8.6-13.1])

HBV infection known before pregnancy

0.903Yes 445 (25.9) 48 (10.8 [7.9-13.7])

No 1276 (74.1) 135 (10.6 [8.9-12.3])

4 BioMed Research International



could have a higher HBsAg prevalence, as noted in some
studies [11, 12, 18]. Most data collected in different locations
in Vietnam showed prevalence rates of 15-20% in the general

population [11–13] and 10-13% in pregnant women [13, 14].
Although our results are similar to recent estimates of HBV
prevalence that suggest that about 10.8% of the population

Table 2: Characteristics of HBV-infected women and their infants according to maternal HBeAg status∗.

Participant’s characteristics Total Women HBeAg (-) Women HBeAg (+) p value

Maternal characteristics at baseline

Number of women with data 183 141 42

Age (years), median (IQR) 30 (26-33) 30 (26-33) 29 (26-34) 0.59

HBV infection known before pregnancy, n (%) 48 (26.2) 24 (17.0) 24 (57.1) <0.001
Partner’s HBV status, n (%)

HBsAg positive 13 (7.1) 7 (5.0) 6 (14.3)

0.04HBsAg negative 162 (88.5) 126 (89.3) 36 (85.7)

Does not known 8 (4.4) 8 (5.7) 0

Having family members infected with HBV, n (%) 23 (12.6) 17 (12.1) 6 (14.3) 0.7

ALT (U/L), median (IQR) 32 (27-40) 29 (25-36) 91 (34-108) <0.001
HBV DNA level at 7th month of gestation, n (%)

Detectable 48 (26.2) 14 (9.9) 34 (81.0) <0.001
>200,000 IU/mL 24 (13.1) 2 (1.4) 22 (52.4) <0.001

Maternal characteristics at delivery

Number of women with data 183 141 42

Under HBV antiviral therapy in last 3 months, n (%) 31 (16.9) 3 (9.7) 28 (90.3) <0.001
Mode of delivery, n (%)

Vaginal 120 (65.6) 95 (67.4) 25 (59.5)
0.35

Caesarean 63 (34.4) 46 (32.6) 17 (40.5)

HBV DNA level at delivery, n (%)

Detectable 37 (20.2) 24 (17.0) 13 (31.0) 0.35

≥200,000 IU/mL 6 (3.3) 5 (3.5) 1 (2.4) 0.99

Infant characteristics at birth

Number infants with data 183 141 42

Sex—female, n (%) 88 (48.1) 62 (44.0) 26 (61.9) 0.04

Weight (kilograms), median (IQR) 3.0 (2.8-3.2) 2.9 (2.8-3.2) 3.0 (2.8-3.3) 0.46

Child HBV birth dose vaccination, n (%) 181 (98.9) 139 (98.6) 42 (100.0) 0.99

Child HBIG immunization, n (%) 150 (82.0) 116 (82.3) 34 (81.0) 0.85

Positive HBsAg, n (%) 46 (25.1) 27 (19.1) 19 (45.2) 0.001

Infant characteristics at 6 months of age

Number infants with data 176 135 41

Completed HBV vaccination schedule, n (%) 71 (40.3) 51 (37.8) 20 (48.8) 0.21

Infant feeding during the last 6 months, n (%)

Breast-fed only 90 (51.1) 75 (55.6) 15 (36.6)

0.08Bottle-fed only 73 (41.5) 58 (38.5) 22 (51.2)

Mixed (breast-fed and bottle-fed) 13 (7.4) 8 (5.9) 5 (12.2)

Positive HBsAg, n (%) 23 (13.1) 13 (9.6) 10 (24.4) 0.01

Infant characteristics at 12 months of age

Number infants with data 150 115 35

Completed HBV vaccination schedule, n (%) 142 (94.7) 108 (93.9) 34 (97.1) 0.46

Infant feeding during the last 6 months, n (%)

Breast-fed only 52 (34.7) 42 (36.5) 10 (28.6)

0.24Bottle-fed (and/or other food) 47 (31.3) 32 (27.8) 15 (42.8)

Mixed (breast-fed + bottle-fed and/or other food) 51 (34.0) 41 (35.7) 10 (28.6)

Positive HBsAg, n (%) 12 (8.0) 6 (5.2) 6 (17.1) 0.02
∗HBeAg status was counted on women’s blood test results at second trimester of gestation.
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is HBsAg positive [2], these rates are much higher than the
8% threshold that defines a high endemicity level [22]. Inter-
estingly, large differences are observed when comparing our
results with those of recent surveys conducted among preg-
nant women in neighboring countries to Vietnam including
China (5-6%) [23, 24], Cambodia (3-5%) [2, 25], and Laos
(2.9%) [11], a country whose capital showed a significant
decrease from 2008 to 2014 [26]. Our study results confirm
that the current prevalence of HBV infection in Vietnam is
still very high. HBV infection still remains a huge public
health problem and will continue to be a future challenge
unless the political and health system prioritizes the fight
against this disease.

Twenty-three percent of HBsAg-positive women were
HBeAg positive, and 13.1% had a HBV DNA load
(>200,000 IU/mL) higher than the threshold above which
the majority of MTCT is known to occur [8, 27]. The pres-
ence of HBeAg in HBsAg-positive pregnant women is an
indicator of active viral replication; it increases the risk of
perinatal transmission of HBV. The proportion of women
with HBeAg (23%) among HBsAg-positive women was sim-
ilar to that reported in recent studies in Asia [28–30]. In
Southeast Asia, over 30% of HBsAg-positive women between
20 and 39 years are presumed to be HBeAg carriers [31].

In our study, 8% of infants born to infected mothers
were HBsAg positive at 12 months of age, although all of
them had an undetectable HBV DNA load. The rate is sig-
nificantly higher among infants born to HBeAg-positive
mothers compared to those born to HBeAg-negative
mothers (17.1% vs. 5.2%, p = 0:02). In multivariable analy-
ses, only the mother’s HBeAg-positive status was statistically
associated with the risk of the infant to be HBsAg positive
(aOR = 65:8, p < 0:001). If we consider a positive HBsAg at
12 months of age as a proxy of an infant HBV infection,
the infection rate among infants born to HBeAg-positive
mothers in our study is higher than the 7% to 11% reported
from most recent studies [32–35]. Studies in neighboring
countries or regions reported lower rates of transmission:
2% in Thailand [36], 4% in Laos [28], and 4.5% in Hong
Kong [37]. The differences observed above can be explained
by the fact that most of the infection rates in these countries
came from clinical trials while our study results reflect the
rates of infection in a real-life practice.

In our study, many HBeAg-positive mothers (e.g.,
mother-infant pairs 6 to 10 in Table 4) and HBeAg-positive
infants (n = 5 at six months, and n = 3 at 12 months,
Figure 1) had undetectable HBV DNA load. This finding is
unusual, but actually, we could not have any reasonable
explanation for this unusual pattern.

All 24 women with a high HBV DNA load
(>200,000 IU/mL) had taken antiviral therapy to prevent
MTCT. One of the 22 infants seen at 12 months of age
(4.5%) was HBsAg positive. However, among the 9 women
who needed to be treated for HBV disease, only 6 undertook
antiviral treatment, and 3 were untreated. Two infants born
from these 3 untreated women (66.7%) were HBsAg positive
at 12 months of age. Moreover, 9 of 119 infants born to
HBsAg-positive mothers who did not meet the indication
criteria for treatment were HBsAg positive (7.6%) at 12

months of age despite the fact that most of the infants have
received BDV (98.9%) and HBIG immunization (82%) and
completed the HBV vaccination schedule (94.7%). Our
results suggest that in order to achieve a successful reduction
of MTCT, it may be relevant to review and evaluate the qual-
ity of the preventive measures instead of looking only at
quantitative percentages. Data found in our study suggest
that we are very far behind the WHO’s targets to reduce the
prevalence of HBsAg in children to 1% by 2020 and to
<0.1% in 2030 [7]. We may need a national study on a
representative population before considering reviewing the
strategies and targets. In addition, a strong national plan to
strengthen combined preventive measures with a good
monitoring system is likely needed.

The rates of using preventive measures such as BDV,
HBIG immunization, and HBV vaccination observed in
Haiphong are higher than those observed in neighboring
countries [28, 30, 38, 39] and around the world [8, 40, 41].
They are also higher compared to recent rates reported from
other provinces in Vietnam [18–20] or from national
estimates [40, 42, 43]. Different studies found that despite
implementation of appropriate immunization programs,
about 8–30% vertical transmission still occurs in infants born
to HBeAg-positive women [27, 44, 45]. Infant scheduled
vaccination interrupts horizontal (child-to-child) HBV
transmission but does not effectively control HBV MTCT
[8]. In China, despite the fact that 94% of children have
received three doses of the hepatitis B vaccine, MTCT still
accounts for 40–50% of new HBV infections [46].

Antiviral therapy given tomothers with a highHBVDNA
load has been shown to be effective in preventing MTCT [8,
47–49]. Results from our study show that the infection rate
among infants born from mothers who received antiviral
treatment was lower compared to children whose mothers
did not receive treatment. However, clinical assessment of
the need of a prophylactic antiviral therapy is done at the sec-
ond trimester of gestation or earlier. However, HBV load can
change over time;HBVDNA load can be diagnosed as too low
at the early trimester of gestation to justify a prophylactic
treatment and can become high at the last trimester of the
pregnancy and before delivery. These cases are therefore at
high risk of MTCT. In our study, the proportion of women
with high HBV DNA load (≥200,000 IU/mL) was reduced
from 13% in the second trimester of gestation to 3% at deliv-
ery, but none of the women with a high HBV DNA load at
delivery had a high HBV DNA load at the second trimester.

Scaling up interventions can benefit from experiences
drawn from successful programs in countries with similar epi-
demiologic characteristics. China is an example of a high HBV
burden country, which has made substantial progress in its
efforts towards eliminationofHBVMTCT. Sequential national
serosurveys have shown a dramatic reduction in HBsAg prev-
alence among those 5-year-olds, from 9.7% in 1992 to 0.3% in
2014 [50]. This has been accomplished through strong politi-
cal commitment with early introduction of universal BDV,
HBIG immunization at birth, infant HBV vaccination, and
peripartum antiviral therapy. Modelling studies suggest that
continued coverage at such high levels could lead China to
reach its <0.1% HBsAg prevalence target [8].
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4.1. Limitations. One limitation was that our study was
conducted in an urban area, and therefore, results may not
be generalizable to the nationwide situation. Indeed, the sam-
ple consisted of women living in one of the largest urban
areas of Vietnam, with easy access to a high-quality health
care system and having the financial ability to pay for HBIG
immunization. A second limitation was the low number of
infected infants, limiting the possibility that the multivariable
analyses would reveal more risk factors for transmission

other than maternal HBeAg. On the other hand, the fact that
anti-HBs and ALT levels were not performed has also pre-
vented us from understanding further about the hepatitis
and immune status of infants in their 12 months of age.

4.2. Implications. Our study results confirm that HBV infec-
tion remains a major public health problem in Vietnam. A
strong national plan to strengthen combined preventive
measures with a good monitoring system is needed. Firstly,

1721 pregnant women (October 2017–
March 2018)

1538 pregnant
women

HBsAg (–)

150 women with no
antiviral therapy indication

1st trimester of gestation (N = 1721)

2nd trimester of gestation (N = 183)

3rd trimester (N = 183)

At delivery (N = 183)

At 6 months (N = 176)

At 12 months (N = 150)

24 women with HBV DNA ≥
200,000 IU (106 copies)/mL

24 under HBV MTCT
prophylactic antiviral therapy

6 under HBV
antiviral treatment

3 not treated with any
HBV antiviral treatment

9 women with ALT ≥ 2x ULN,
HBeAg (+) & HBV DNA ≥ 20,000 IU/mL

183 pregnant women HBsAg (+): n (%)
(i) ALT ≥ 2x upper limit of normal value (ULN): 24 (13.1)
(ii) HBeAg (+): 42 (23.0)
(iii) HBV ADN ≥ 200,000 IU (106 copies)/mL: 24 (13.1)

3 infants: n (%)
(i) HBsAg (+): 2 (66.7)
(ii) HBeAg (+): 2 (66.7)
(iii) HBV DNA (+): 0

6 infants: n (%)
(i) HBsAg (+): 2 (33.3)
(ii) HBeAg (+): 1 (16.7)
(iii) HBV DNA (+): 0

24 infants: n (%)
(i) HBsAg (+): 8 (33.3)
(ii) HBeAg (+): 4 (16.7)
(iii) HBV DNA (+): 4 (16.7)

150 infants: n (%)
(i) HBsAg (+): 34 (22.7)
(ii) HBeAg (+): 11 (7.3)
(iii) HBV DNA (+): 0

23 infants: n (%)
(i) HBsAg (+): 1 (4.3)
(ii) HBeAg (+): 0
(iii) HBV DNA (+): 0

6 infants: n (%)
(i) HBsAg (+): 2 (33.3)
(ii) HBeAg (+): 0
(iii) HBV DNA (+): 0

3 infants: n (%)
(i) HBsAg (+): 2 (66.7)
(ii) HBeAg (+): 1 (33.3)
(iii) HBV DNA (+): 0

144 infants: n (%)
(i) HBsAg (+): 18 (12.5)
(ii) HBeAg (+): 4 (2.8)
(iii) HBV DNA (+): 0

22 infants: n (%)
(i) HBsAg (+): 1 (4.5)
(ii) HBeAg (+): 0
(iii) HBV DNA (+): 0

6 infants: n (%)
(i) HBsAg (+): 0
(ii) HBeAg (+): 0
(iii) HBV DNA (+): 0

3 infants: n (%)
(i) HBsAg (+): 2 (66.7)
(ii) HBeAg (+): 1 (33.3)
(iii) HBV DNA (+): 0

119 infants: n (%)
(i) HBsAg (+): 9 (7.6)
(ii) HBeAg (+): 2 (1.7)
(iii) HBV DNA (+): 0

Figure 1: Participant enrollment and follow-up.
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improved access to HBV detection and to the identification of
women at high risk of transmission to their infants (i.e.,
HBsAg andHBeAg positive who have a highHBVDNA level)
can be implemented through an affordable point of care that
provides rapid diagnostic tests (RDTs) for HBsAg and
HBeAg. However, HBV DNA quantification is costly and
accessible only in a few laboratories at central and provincial
hospitals. Given the fact that the HBeAg is the main predictor
forMTCT, a positiveHBeAg test can act as a surrogatemarker
of HBV replication. Combining these 2 RDTs could be done
in settings where HBV DNA quantification is not available,
which has been shown in other studies [30, 38]. Furthermore,
7 out of 12 infected infants belonged to mothers who were
HBeAg positive but did not meet the criteria of antiviral treat-
ment, and among 42 HBeAg-positive women in our study,
only 11 women did not fulfill the treatment criteria. The
choice of treating all women with concurrent HBsAg- and
HBeAg-positive tests may be a very good approach of MTCT
prevention and should be considered in our current situation.

HBIG needs to be freely accessible to all infants whose
mothers are HBsAg positive at delivery. Currently, an HBIG
dose costs nearly 100 USD in Vietnam, and it must be fully
paid by the parents. Thirty-three infants (18%) in our study
did not take HBIG, mainly because of its cost. Forcing health
insurance to cover this dose is needed.

Another important issue observed in this study is that
most pregnant women did not receive enough counselling
on preventive measures during their antenatal consultations.
Specifically, 3 women who did not take antiviral treatment
for their HBV disease said that they were afraid of harmful
effects that a treatment taken during pregnancy could cause
to their future babies. Only women with a very high HBV
DNA level went on to take antiviral prophylactic therapy as
they were told that treatment would prevent HBV transmis-
sion to their future babies. The problematic lack of knowl-
edge, attitude, and practice regarding HBV prevention was
confirmed in recent studies on both pregnant women and
healthcare workers in Vietnam [20, 51]. Training programs
for healthcare workers and educating pregnant women to
increase knowledge and reduce misperception about HBV
may be a key intervention to improve access to care and
prevent MTCT and may help speed up reaching the objective
of eliminating HBV.

5. Conclusion

In this first cohort study describing the prevalence of HBV
infection in pregnant women and real-life HBV perinatal
transmission in Vietnam, we observed a high prevalence of
HBsAg among pregnant women and a high rate of MTCT
in spite of antiviral and HBIG treatments. Data found in
our study suggest that Vietnam is still far behind the
WHO’s targets to reduce the prevalence of HBsAg in chil-
dren to 1% by 2020 and to <0.1% in 2030. A strong national
plan to strengthen combined preventive measures with a
good monitoring system is needed. Implementing immedi-
ate training programs for healthcare workers and educating
pregnant women have the ability to improve access to care
and prevention.
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ELISA: Enzyme-linked immunosorbent assay
HBIG: Hepatitis B immunoglobulin
HBV: Hepatitis B virus
HBeAg: HBe antigen
HBsAg: HBV surface antigen
MTCT: Mother-to-child transmission
PCR: Polymerase chain reaction
ULN: Upper limit of the normal value.

Data Availability

The EXCEL/STATA data used to support the findings of this
study are available from the corresponding author upon
request.

Disclosure

The funding agencies did not interfere with either the design
of the study or the interpretation of the results.

Conflicts of Interest

The authors have no conflict of interest to report.

Acknowledgments

The authors would like to thank the medical staff of the
Department of Prenatal Care and Biochemical Laboratory
of Haiphong Gyneco-Obstetric Hospital, medical staff of
Department of Infectious Diseases of Haiphong Viet-Tiep
Hospital, faculty members and staff of Biomolecular Labora-
tory at the Haiphong University of Medicine and Pharmacy,
and faculty members and students of the Faculty of Public
Health at the Haiphong University of Medicine and Phar-
macy for having facilitated and participated in data collection
of this study. They would like to dedicate also special thanks
to Associate professor Vu Van Tam, Dr. Ngo Anh The, Dr.
Bach Thi Nhu Quynh, Dr. Tran Thi Thuy Ha, Dr. Hoang
Thi Giang, and Dr. Nguyen Thi Tham for their help in real-
izing the study and to all pregnant women and their infants
for their dedicated participation in this important study. This
work is supported by the Haiphong University of Medicine
and Pharmacy and Haiphong City People Committee,
Haiphong, Vietnam (Grant number: DT.YD.2017.794).

References

[1] J. J. Ott, J. Horn, G. Krause, and R. T. Mikolajczyk, “Time
trends of chronic HBV infection over prior decades - a global
analysis,” Journal of Hepatology, vol. 66, no. 1, pp. 48–54, 2017.

[2] A. Schweitzer, J. Horn, R. T. Mikolajczyk, G. Krause, and J. J.
Ott, “Estimations of worldwide prevalence of chronic hepatitis
B virus infection: a systematic review of data published
between 1965 and 2013,” The Lancet, vol. 386, no. 10003,
pp. 1546–1555, 2015.

10 BioMed Research International



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

[4] V. C. W. Wong, A. K. Y. Lee, and H. M. H. 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.

[5] C. E. Stevens, R. P. Beasley, J. Tsui, and W. C. Lee, “Vertical
transmission of hepatitis B antigen in Taiwan,” The New
England Journal of Medicine, vol. 292, no. 15, pp. 771–774,
1975.

[6] WHO, “Hepatitis B,” 2020, April 2020, https://www.who.int/
news-room/fact-sheets/detail/hepatitis-b.

[7] OrganizationWH, Global Health Sector Strategy on Viral Hep-
atitis, 2016–2021: Towards Ending Hepatitis, Geneva, World
Health Organization, 2016.

[8] S. Nayagam, Y. Shimakawa, and M. Lemoine, “Mother‐to‐
child transmission of hepatitis B: what more needs to be done
to eliminate it around the world?,” Journal of Viral Hepatitis,
vol. 27, no. 4, pp. 342–349, 2020.

[9] V. T. T. Nguyen, M. G. Law, and G. J. Dore, “An enormous
hepatitis B virus-related liver disease burden projected in Viet-
nam by 2025,” Liver International, vol. 28, no. 4, pp. 525–531,
2008.

[10] Health VMO, Decision No. 7130 / QD-BYT 2018: action plan
towards eliminating HIV, hepatitis B, syphilis transmitted from
mother to child in the period 2018-2030, Vietnam Ministry of
Health, Hanoi, Vietnam, 2018.

[11] D. B. Hipgrave, T. N. Trung, D. T. Dat et al., “Hepatitis B
infection in rural Vietnam and the implications for a
national program of infant immunization,” The American
Journal of Tropical Medicine and Hygiene, vol. 69, no. 3,
pp. 288–294, 2003.

[12] V. T.-T. Nguyen, M. L. McLaws, and G. J. Dore, “Highly
endemic hepatitis B infection in rural Vietnam,” Journal of
Gastroenterology and Hepatology, vol. 22, no. 12, pp. 2093–
2100, 2007.

[13] V. T.-T. Nguyen, “Hepatitis B infection in Vietnam,” Asia-
Pacific Journal of Public Health, vol. 24, no. 2, pp. 361–373,
2012.

[14] N. T. Nguyen Tuyet Nga and H. T. Gai, “Prevalence of HBsAg
and anti-HBs carrier among pregnant women in Haiphong,”
Vietnam Assciation of Prevention and Hygiene, vol. 4, no. 18,
p. 2, 1994.

[15] R. G. Gish, T. D. Bui, C. T. K. Nguyen et al., “Liver disease in
Viet Nam: screening, surveillance, management and educa-
tion: a 5-year plan and call to action,” Journal of Gastroenter-
ology and Hepatology, vol. 27, no. 2, pp. 238–247, 2012.

[16] Health VMO, Guidelines for hepatitis B diagnostic, treatment
and prevention, Vietnam Ministry of Health, Hanoi, 2014.

[17] Health VMO, “Guidelines for hepatitis B diagnostic, treat-
ment and prevention,” Vietnam Ministry of Health, Hanoi,
Vietnam, 2019.

[18] T. T. Pham, H. M. Le, D. T. Nguyen et al., “Assessment of the
timely administration of the hepatitis B and BCG birth dose
and the primary infant vaccination schedule in 2015-2016 in
the Mekong Delta, Viet Nam,” Vaccine, vol. 36, no. 38,
pp. 5760–5765, 2018.

[19] H. N. S. Anh, H.-L. Vo, L. H. Bao, H. T. Minh, H. T. T. Thu,
and V. D. Kien, “Hepatitis B birth dose vaccination among

Vietnamese children: implications for the expanded program
on immunization,” BioMed Research International, vol. 2019,
Article ID 3453105, 8 pages, 2019.

[20] T. T. Hang Pham, T. X. le, D. T. Nguyen et al., “Knowledge,
attitudes and practices of hepatitis B prevention and immuni-
zation of pregnant women and mothers in northern Vietnam,”
PLoS One, vol. 14, no. 4, article e0208154, 2019.

[21] Y. Zhang, W. Fang, L. Fan et al., “Hepatitis B surface antigen
prevalence among 12,393 rural women of childbearing age in
Hainan Province, China: a cross-sectional study,” Virology
Journal, vol. 10, no. 1, p. 25, 2013.

[22] J. Hou, Z. Liu, and F. Gu, “Epidemiology and prevention of
hepatitis B virus infection,” International Journal of Medical
Sciences, vol. 2, no. 1, pp. 50–57, 2005.

[23] J. Liu, S. Zhang, Q. Wang et al., “Prevalence of HBsAg/HBeAg
amongst 1 936 801 couples preparing for pregnancy in rural
China: an observational study,” Journal of Viral Hepatitis,
vol. 24, no. 8, pp. 679–686, 2017.

[24] L. Zhang, Y. Y. Wang, Y. J. Huang et al., “Status of HBsAg
seroprevalence in 15 million rural couples in China: a cross-
sectional study,” Scientific Reports, vol. 7, no. 1, article 42822,
2017.

[25] H. Yamada, M. Fujimoto, S. Svay et al., “Seroprevalence, geno-
typic distribution and potential risk factors of hepatitis B and
C virus infections among adults in Siem Reap, Cambodia,”
Hepatology Research, vol. 45, no. 4, pp. 480–487, 2015.

[26] M. Choisy, S. Keomalaphet, K. Xaydalasouk, F. Quet,
V. Latthaphasavang, and Y. Buisson, “Prevalence of hepatitis
B virus infection among pregnant women attending antenatal
clinics in Vientiane, Laos, 2008–2014,” Hepatitis Research and
Treatment, vol. 2017, Article ID 1284273, 5 pages, 2017.

[27] W. H. Wen, M. H. Chang, L. L. Zhao et al., “Mother-to-infant
transmission of hepatitis B virus infection: significance of
maternal viral load and strategies for intervention,” Journal
of Hepatology, vol. 59, no. 1, pp. 24–30, 2013.

[28] V. Latthaphasavang, P. Vanhems, N. Ngo-Giang-Huong et al.,
“Perinatal hepatitis B virus transmission in Lao PDR: a pro-
spective cohort study,” PLoS One, vol. 14, no. 4, article
e0215011, 2019.

[29] G. Jourdain, N. Ngo-Giang-Huong, L. Harrison et al., “Teno-
fovir versus placebo to prevent perinatal transmission of
hepatitis B,” The New England Journal of Medicine, vol. 378,
no. 10, pp. 911–923, 2018.

[30] O. Ségéral, D. S. N'Diaye, S. Prak et al., “Usefulness of a serial
algorithm of HBsAg and HBeAg rapid diagnosis tests to detect
pregnant women at risk of HBV mother-to-child transmission
in Cambodia, the ANRS 12328 pilot study,” Journal of Clinical
Virology, vol. 109, pp. 29–34, 2018.

[31] J. J. Ott, G. A. Stevens, and S. T. Wiersma, “The risk of perina-
tal hepatitis B virus transmission: hepatitis B e antigen
(HBeAg) prevalence estimates for all world regions,” BMC
Infectious Diseases, vol. 12, no. 1, p. 131, 2012.

[32] C. Q. Pan, Z. Duan, E. Dai et al., “Tenofovir to prevent hepati-
tis B transmission in mothers with high viral load,” The New
England Journal of Medicine, vol. 374, no. 24, pp. 2324–2334,
2016.

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

11BioMed Research International

https://www.who.int/news-room/fact-sheets/detail/hepatitis-b
https://www.who.int/news-room/fact-sheets/detail/hepatitis-b


[34] H. L. Chen, C. N. Lee, C. H. Chang et al., “Efficacy of maternal
tenofovir disoproxil fumarate in interrupting mother-to-infant
transmission of hepatitis B virus,” Hepatology, vol. 62, no. 2,
pp. 375–386, 2015.

[35] G. R. Han, H. X. Jiang, X. Yue et al., “Efficacy and safety of
telbivudine treatment: an open-label, prospective study in
pregnant women for the prevention of perinatal transmission
of hepatitis B virus infection,” Journal of Viral Hepatitis,
vol. 22, no. 9, pp. 754–762, 2015.

[36] G. Jourdain, N. Ngo-Giang-Huong, T. R. Cressey et al., “Pre-
vention of mother-to-child transmission of hepatitis B virus:
a phase III, placebo-controlled, double-blind, randomized
clinical trial to assess the efficacy and safety of a short course
of tenofovir disoproxil fumarate in women with hepatitis B
virus e-antigen,” BMC Infectious Diseases, vol. 16, p. 393, 2016.

[37] K. W. Cheung, M. T. Y. Seto, A. S. Y. Kan et al., “Immunopro-
phylaxis failure of infants born to hepatitis B carrier mothers
following routine vaccination,” Clinical Gastroenterology and
Hepatology, vol. 16, no. 1, pp. 144-145, 2018.

[38] O. Segeral, B. Dim, C. Durier et al., “HBeAg rapid test and
alanine aminotransferase level-based algorithm to identify
pregnant women at risk of HBV mother-to-child transmis-
sion: the ANRS 12345 TA PROHM study,” Clinical Infectious
Diseases, 2020.

[39] Y. Hu, S. Zhang, C. Luo, Q. Liu, and Y. H. Zhou, “Gaps in the
prevention of perinatal transmission of hepatitis B virus
between recommendations and routine practices in a highly
endemic region: a provincial population-based study in
China,” BMC Infectious Diseases, vol. 12, no. 1, p. 221, 2012.

[40] D. Razavi-Shearer, I. Gamkrelidze, M. H. Nguyen et al.,
“Global prevalence, treatment, and prevention of hepatitis B
virus infection in 2016: a modelling study,” The Lancet Gastro-
enterology & Hepatology, vol. 3, no. 6, pp. 383–403, 2018.

[41] C. L. Thio, N. Guo, C. Xie, K. E. Nelson, and S. Ehrhardt,
“Global elimination of mother-to-child transmission of hepa-
titis B: revisiting the current strategy,” The Lancet Infectious
Diseases, vol. 15, no. 8, pp. 981–985, 2015.

[42] M. C. Duong, V. T. T. Nguyen, S. Otsu, and M.‐. L. McLaws,
“Prevalence of hepatitis B and C virus infections in hemodial-
ysis patients in Vietnam: a systematic review and meta-analy-
sis,” JGH Open, vol. 4, no. 1, pp. 29–38, 2019.

[43] EPI, “Schedule for expanded program on immunization,”
2020, April 2020, http://www.tiemchungmorong.vn/sites/
default/files/lich_tiem_chung.jpg.

[44] H. Zou, Y. Chen, Z. Duan, H. Zhang, and C. Pan, “Virologic
factors associated with failure to passive-active immunopro-
phylaxis in infants born to HBsAg-positive mothers,” Journal
of Viral Hepatitis, vol. 19, no. 2, pp. e18–e25, 2012.

[45] P. Sellier, S. Maylin, R. Amarsy et al., “Untreated highly
viraemic pregnant women from Asia or sub-Saharan Africa
often transmit hepatitis B virus despite serovaccination to
newborns,” Liver International, vol. 35, no. 2, pp. 409–416,
2015.

[46] Y. Xu, H. Liu, Y. Wang, R. Hao, Z. Li, and H. Song, “The next
step in controlling HBV in China,” BMJ, vol. 347, no. 1, article
f4503, 2013.

[47] J. Zeng, C. Zheng, and H. Li, “Effectiveness of tenofovir or
telbivudine in preventing HBV vertical transmission for preg-
nancy,” Medicine, vol. 98, no. 14, article e15092, 2019.

[48] N. A. Terrault, A. S. F. Lok, B. J. McMahon et al., “Update on
prevention, diagnosis, and treatment of chronic hepatitis B:

AASLD 2018 hepatitis B guidance,” Hepatology, vol. 67,
no. 4, pp. 1560–1599, 2018.

[49] W. Sun, S. Zhao, L. Ma et al., “Telbivudine treatment started in
early and middle pregnancy completely blocks HBV vertical
transmission,” BMC Gastroenterology, vol. 17, no. 1, p. 51,
2017.

[50] F. Cui, L. Shen, L. Li et al., “Prevention of chronic hepatitis B
after 3 decades of escalating vaccination policy, China,”
Emerging Infectious Diseases, vol. 23, no. 5, pp. 765–772, 2017.

[51] T. T. Hang Pham, T. X. le, D. T. Nguyen et al., “Knowledge,
attitudes and medical practice regarding hepatitis B preven-
tion and management among healthcare workers in Northern
Vietnam,” PLoS One, vol. 14, no. 10, article e0223733, 2019.

12 BioMed Research International

http://www.tiemchungmorong.vn/sites/default/files/lich_tiem_chung.jpg
http://www.tiemchungmorong.vn/sites/default/files/lich_tiem_chung.jpg

	Hepatitis B Infection and Mother-to-Child Transmission in Haiphong, Vietnam: A Cohort Study with Implications for Interventions
	1. Introduction
	2. Materials and Methods
	2.1. Study Subject Sampling and Follow-Up
	2.2. Laboratory
	2.3. Data Collection and Analyses
	2.4. Ethical Consideration

	3. Results
	3.1. Study Participants at Enrollment and Follow-Up
	3.2. HBsAg Prevalence among Pregnant Women
	3.3. HBeAg Status and Actual Use of Preventive Measures
	3.4. Mother-to-Child Transmission

	4. Discussion
	4.1. Limitations
	4.2. Implications

	5. Conclusion
	Abbreviations
	Data Availability
	Disclosure
	Conflicts of Interest
	Acknowledgments

