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Abstract
The seroprevalence of hepatitis B virus (HBV) and its impact on pregnancy outcomes of women from Shaanxi Province (China) was
assessed. Risk factors for mother-to-child transmission (MTCT) were evaluated based on HBV-related seroprevalence data.
Viral markers and biochemical parameters were assessed in HBsAg-positive mothers and their infants out of 13,451 cases

recruited. A pretested and structured questionnaire was used to test the general HBV knowledge. Descriptive statistics and logistic
regression analysis were done to reveal possible risk factors for MTCT.
The overall prevalence of HBsAg in pregnant women was 7.07% (951/13,451), and a rate as high as 9.40%was observed. Among

the HBsAg-positive pregnant women, 30.49% (290/951) were HBeAg-positive, 22.08% (210/951) had HBV DNA levels>106 IU/mL
and only 16.19% with a high risk of MTCT (34/210) had received antiviral treatment. The overall MTCT rate was 5.21%. Noteworthy,
the risk ratio and 95% confidence interval (95% CI) of MTCT in HBeAg-negative mothers with HBV DNA levels >2�103 IU/mL and
HBsAg>104 IU/mLwas 26.062 (2.633–258.024), which was significantly higher than that of HBeAg-positive mothers with HBVDNA
level >106 IU/mL. Moreover, the awareness and knowledge about HBV transmission, risk factors, and intervention for MTCT were
generally lacking among HBsAg-positive mothers.
As a higher HBsAg seroprevalence and a higher MTCT rate among HBeAg-negative mothers with lower HBV DNA level was

observed, our study emphasizes different interventional criteria for HBeAg-positive and HBeAg-negative mothers. Extensive health
education, routine screening, and immunization against HBV during pregnancy are highly warranted to minimize the possibility of
perinatal transmission.

Abbreviations: CRFs= case report forms, HBeAg= hepatitis B e antigen, HBIG= hepatitis B immunoglobulin, HBsAg= hepatitis
B surface antigen, HBV = hepatitis B virus, ICP = intrahepatic cholestasis of pregnancy, MTCT = mother-to-child transmission.
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1. Introduction

Chronic hepatitis B virus (HBV) infection is the major cause of
end-stage liver diseases in China, among which 30% to 50%
owes to mother-to-child transmission (MTCT),[1] and are
associated with increased risk of morbidity and mortality later
in life.[2,3] Despite the successful implementation of hepatitis B
vaccine and hepatitis B immunoglobulin (HBIG) at birth, about
10% of infants born to HBV-infected mothers still suffer from
chronic HBV infection.[4] Moreover, 50 million new cases
continue to be diagnosed annually, and MTCT is responsible for
the highest proportion.[5]

In China, HBV infection is one of the infectious diseases
with the highest morbidity, causing both end-stage liver diseases
with high mortality and a substantial economic burden for the
patients, their families, and the society.[6] Routine antenatal
hepatitis B surface antigen (HBsAg) screening for pregnant
women and combined immunoprophylaxis (HBIG and hepatitis
B vaccine] for neonates born to HBsAg-positive mothers have
reduced the rate ofHBV infection in infants. Nevertheless, there is
still approximately 5% to 10%of infants born toHBsAg-positive
mothers suffering from HBV infection in their early life,[7,8] of
which as much as 90% develops chronic hepatitis infection.
Moreover, 25% to 40% of patients with chronic HBV infection
eventually develop severe complications such as cirrhosis and
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hepatocellular carcinoma. Considering the large population
and high prevalence of HBV infection in China, the absolute
number of HBV-infected women is important. HBV infection and
its related complications will continue to remain a major public
health concern in China.
Vertical transmission of HBV infection may adversely affect

the pregnancy and newborn, leading to spontaneous abortion,
premature delivery, growth retardation, and low birth weight.[10]

HBsAg is the surface antigen of HBV, while hepatitis B e antigen
(HBeAg) is an envelope antigen. Presence of HBsAg in the blood
indicates the presence of intact virus, its association with viral
replication, and cccDNA have been confirmed widely. HBeAg
does not necessarily indicate the presence of intact virus, but
denotes higher infectivity.[11,12] Hepatitis B status of pregnant
women detected through serum HBsAg screening is essential for
the effective management of the disease and prevention of
MTCT, as it confers 20% risk of transmission to infants without
any intervention such as immunoprophylaxis. In fact, this risk
adds up to 90% if the mother is also positive for HBeAg.[13–16]

Several factors affect the prevalence of perinatal HBV
transmission and are related to MTCT, such as the levels of
maternal HBV DNA, HBeAg status, and neonatal immune
deficiency.[10] Some published studies have identified maternal
HBVDNA levels corresponding to viral load as the most relevant
factor, and the antiviral treatment in pregnant women is decided
based on this single threshold factor.[3] MTCT, including
intrafamilial horizontal transmission and vertical transmission,
is still the main transmission route of HBV infection in China.[17]

It is believed that MTCT accounts for clustering of infection in
families with unfavorable prognoses.[18] It has been reported that
the overall prevalence of HBsAg in childbearing women is 6.61%
in China,[19] and the HBsAg-positive rate of pregnant women is
about 5% in eastern regions of China.[20] Nevertheless, there is
scarce report about the HBV infection rate and infection status
of pregnant women in northwestern regions of China. As most of
the regions in this area are underdeveloped, improvement of
general awareness among pregnant women and primary health
care doctors regarding the risk factors for MTCT, mode of
transmission, and indicators of higher transmissibility rate of
HBV infection and implementation of additional health care
government policies will help eliminate HBV infection.
Currently, we carried out this study to assess the seroepidemi-

ology and awareness of information about HBV infection among
pregnant women in Northwest China, as well as risk factors for
HBV MTCT. The results should provide the latest and updated
data for the effective implementation of better prevention
strategies and control programs for HBV in this area.

2. Methods

2.1. Study area and population

A cross-sectional study was conducted at 7 county-level hospitals, 9
general hospitals, and 2 mother and child health centers in Shaanxi
Province, a northwestern region of China. FromNovember 2010 to
December 2015, pregnant women over 18 years of age who
delivered at these 18 hospitals were enrolled. Women with prior
vaccination, those whowere unwilling to give consent for the blood
test, or thosewho gave responses to questionnaire that were deemed
invalid, incomplete, or defective were exempted from the study. The
study complied with all ethical standards for research and was
approved by the ethics committee of First Affiliated Hospital of
Xi’an Jiaotong University, protocol number XJTU-2010–127. All
participants in this study gave consent for participation.
2

2.2. Sample and data collection

Venous blood (5mL) was collected aseptically and centrifuged to
separate the serum. Serum samples were then stored at -20°C
until assayed. SerumHBsAgwas tested in all the pregnant women
before delivery. Other HBV serum markers (anti-HBs, HBeAg,
and anti-HBc), HBV DNA level, and liver function tests for liver
enzymes were tested among HBsAg-positive pregnant women.
Medication status of the mothers was recorded.
After childbirth, data in case report forms (CRFs) were

collected from the enrolled women’s medical records and via
interviews with the mothers. The content of the CRFs included
the basic characteristics, delivery situation and infant-feeding
patterns of the mothers, and the birth date, gender, and
development of the infants. Semi-structured questionnaires that
had been pretested were used to obtain sociodemographic
characteristics and risk factors for HBV infection.

2.3. Study design

All the neonates born to HBsAg-positive mothers received
standard combined immunoprophylaxis (HBIG 200IU; Hualan
Biological Engineering Inc., Henan, China) and the first dose of
the hepatitis B vaccine (Shenzhen Kangtai Biological Products
Co., Ltd. Guangdong, China) at different injection sites within 12
hours postpartum (the other 2 doses of vaccine are given at 1 and
6 months of age, respectively). Some of those infants were
followed to the age of 12 months. Peripheral venous serum was
stored at -80°C for HBV markers and HBV DNA detection.
Infants with persistent HBVDNAorHBsAg-positive results from
birth to the age of 7 months were diagnosed as having HBV
intrauterine infection.[21–24]

2.4. Laboratory analyses

HBV serum markers (HBsAg, anti-HBs, HBeAg, and anti-HBc)
were quantified using the Abbott ARCHITECT assays (Abbott
Laboratories, Chicago, IL). The HBV DNA levels in infants were
measured using the Roche COBAS AmpliPrep/COBAS TaqMan
HBV test (lower limit of the test range: 12IU/mL; Roche
Molecular Systems. Inc, NJ). The viral titer of the mothers was
detected with a real-time quantitative fluorescence PCR (detec-
tion range: 1.0�102–1.0�109 IU/mL; Sun Yat-sen University,
Da An Gene Co., Ltd. Guangzhou, China). Liver function tests
were performed with an Olympus automated bioanalyzer
(Olympus AU5400; Olympus kabushikikaisha, Tokyo, Japan).

2.5. Questionnaire assessment of HBV knowledge

Survey questions were developed by leading physicians from the
Department of Infectious Diseases and the Department of
Gynecology and Obstetrics, the First Affiliated Hospital of Xi’an
Jiaotong University, which is a Chinese grade III hospital with the
highest ability to provide medical care and medical education,
and to perform medical research. Sociodemographic information
was collected from all the participants using a standard
questionnaire that was pretested. All participants gave written
informed consent before enrollment and the test results were
communicated for proper management and care of the study
participants. The questionnaire was designed to capture the basic
information about HBsAg-positive mothers (age, location, and
vocation), knowledge about HBV transmission (routes of
transmission, risk factors for MTCT), and prevention (measures,
efficacy, and safety). All interviewers received training and
certification in interviewing techniques andwere familiar with the



Table 2

Virological and biochemical characteristics of HBsAg-positive
pregnant women.

Variables Pregnant women (N=951)

HBV-DNA level, IU/mL, N (%)
>1�106 210 (22.08)
2�103-1�106 100 (10.52)
<2�103 641 (67.40)

HBsAg titer, IU/mL, N (%)
>10,000 324 (34.07)
1000–10,000 374 (39.33)
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medical terminology used in the questionnaires. Participants were
randomly selected from HBsAg-positive mothers who were
requested to complete paper-based survey.

2.6. Quality control

To make sure that the questionnaire was appropriate and
understandable, it was pretested on 30 pregnant women at health
centers other than the actual study sites. The collected data were
checked daily for consistency and accuracy. All questionnaires
were reviewed to eliminate the incomplete responses. Responses
that were deemed invalid or defective were not included in the
analyses. No statistical tests were pre-performed. The data are
presented as percentages and described. Standardized procedures
were strictly followed during blood sample collection, storage,
and analytical process. Positive and negative controls were run
alongside of the test subjects.

2.7. Statistical analysis

EpiData 3.0was used to establish the clinical database. Datawere
double-checked for transcription errors and were then analyzed
statistically with SPSS 13.0 (SPSS, Inc., Chicago, IL). Descriptive
analysis (calculations of averages, frequencies, proportions, or
rates) was conducted. The Chi-squared for R � C table test was
used to compare more than 2 groups. The t test was used to assess
whether the means of 2 groups were significantly different from
each other. Univariate and multivariate logistic regression
analyses were used to determine odds ratios (ORs), adjusted
ORs, and their 95% confidence intervals (95% CIs) to different
variables. P< .05 was considered statistically significant.

3. Results

3.1. The prevalence of HBV infection among pregnant
women

Among the subjects, 7.07% (951/13,451) were seropositive for
HBsAg, which was consistent with the Chinese prevalence rate of
HBsAg.[19] It is noteworthy that the HBsAg prevalence rate in
pregnant women in the southern region of Shaanxi province,
close to a mountain area, was 9.40% (311/3309), which was
Table 1

Demographics and characteristics of HBsAg-positive pregnant
women.

Variables Pregnant women (N=951)

Age, y, median (range) 27 (19–42)
Age groups, y, N (%)
<21 40 (4.21)
21–25 258 (27.13)
26–30 414 (43.53)
31–35 181 (19.03)
>35 58 (6.10)

Rural residents, N (%) 579 (60.88)
Parity, median (range) 0 (0–3)
Parity groups, N (%)
0 607 (63.83)
1 290 (30.49)
2 38 (4.00)
3 16 (1.68)

Primipara, N (%) 619 (65.09)
Regular prenatal examination, N (%) 607 (63.83)
Cesarean section, N (%) 515 (54.15)
Family history of HBV, N (%) 249 (26.18)
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significantly higher than the overall rate (9.40% vs 7.07%;
P< .001). More importantly, among the 951 HBsAg-positive
women, 36.17% (344/951) did not receive regular prenatal
examination. The demographics and characteristics of these
HBsAg-positive mothers are summarized in Table 1.

3.2. The virological and biochemical characteristics of
HBsAg-positive pregnant women

As summarized in Table 2, among the HBsAg-positive mothers,
30.49% (290/951) were HBeAg-positive, and 22.08% (210/951)
pregnant women had HBV DNA levels >1�106 IU/mL and
32.60% (310/951) had HBV DNA levels >2�103 IU/mL, while
73.40% (698/951) had HBsAg titer >1000IU/mL and 34.07%
(324/951) had HBsAg titer >10,000IU/mL. Of these high-risk
mothers, only 16.19% (34/210) received antiviral treatment
during pregnancy; those without antiviral intervention notified
that the main reason for omission was due to no recommendation
from their obstetrician. At delivery, 13.35% (127/951) showed
ALT levels elevation (median, 77U/L; range, 740–41U/L). Three
of these HBsAg-positive mothers suffered from fulminant liver
disease, 2 cases were improved after treatment, and another one
had to terminate pregnancy at 35th week of gestation because of
serious abnormal liver function.

3.3. Pregnancy complications

The complications that occurred in those HBsAg-positive
pregnant women are summarized in Table 3. With further
analysis, we noticed that the incidence of intrahepatic cholestasis
<1000 253 (26.60)
HBeAg-positive, N (%) 290 (30.49)
HBeAg level (s/co), N (%)
>1000 159 (16.72)
1–999 131 (13.77)
<1 661 (69.51)

ALT level, U/L, N (%)
>400 1 (0.11)
200–400 5 (0.53)
80–200 48 (5.05)
41–80 73 (7.68)
<40 824 (86.65)

Elevated ALT level
∗
, U/L, median (range) 77 (741–41)

TBil, mmol/L, N (%)
>171 1 (0.11)
17.1–171 65 (6.83)
<17.1 885 (93.06)

DBil, mmol/L, N (%)
>85 1 (0.11)
6–85 38 (4.00)
<6 912 (95.90)

ALT= alanine aminotransferase, DBil=direct bilirubin, HBeAg=hepatitis B envelope antigen,
HBsAg=hepatitis B surface antigen, TBil= total bilirubin.
∗
Elevated ALT level was defined as the value of ALT level higher than 40U/L.
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Table 3

Pregnancy complications with respect to HBsAg status.

Pregnancy complications HBsAg(+) women (N=951) HBsAg(�) women (N=12,500) P

Preeclampsia 43 (4.52) 450 (3.60) .145
Gestational hypertension 46 (4.84) 462 (3.70) .075
Gestational diabetes 7 (0.74) 126 (1.01) .414
Thrombocytopenia 43 (4.52) 318 (2.54) <.001
Anemia 64 (6.73) 253 (2.02) <.001
ICP 50 (5.26) 348 (2.78) <.001
PROM 145 (15.25) 2062 (16.50) .316
Placental abruption 12 (1.26) 198 (1.58) .440
AFLP 2 (0.21) 18 (0.14) .649
Fetal distress 286 (30.07) 3720 (29.76) .838
PPH 9 (0.95) 15 (0.12) <.001

Results are displayed as number (%).
AFLP= acute fatty liver of pregnancy, ICP= intrahepatic cholestasis of pregnancy, PPH=postpartum hemorrhage, PROM=prelabor rupture of membranes.
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of pregnancy (ICP), thrombocytopenia, postpartumhemorrhage,
and anemia was significantly higher in HBsAg-positive pregnant
women (P< .001, Table 3) than pregnant women free of HBV
infection.
3.4. Risk factors associated with mother-to-child
HBV transmission

In this study, 499 infants born to HBsAg-positive mothers were
followed to 12 months of age, and 26 of them (5.21%) were
diagnosed as having HBV infection showing seropositivity for
HBsAg orHBVDNA at 7 and 12months. Possible factors related
to HBV infection of infants are presented in Table 4. The results
of univariate analysis showed that maternal HBsAg titer, HBeAg
titer, HBeAg-positive, and HBVDNA levels were associated with
HBV infection in infants (P< .001, P= .002, P= .004, P< .001,
respectively). With further multivariate regression analysis, only
maternal HBV DNA levels were related to HBV infection of
infant (P= .041).
As shown in Fig. 1A, when maternal HBV DNA levels were

stratified, the incidence of infantile HBV infection increased with
maternal HBV DNA levels (13.33% vs 5.80% vs 0%; P< .001).
The overall rate of intrauterine HBV infection was 5.21%, while
it increased to 13.33%, 13.53%, and 21.28% with HBV DNA
>6 log10IU/mL, HBsAg >4 log10IU/mL, or HBeAg>3 log10s/co,
respectively.
Table 4

Factors associated with intrauterine infection among HBsAg-positive

Variables Univariate OR (95% CI)

Demographic data
Infantile sex (F/M) 0.832 (0.274–2.527)
Maternal data
Age, y 0.983 (0.833–1.161)
HBsAg, log10IU/mL 5.359 (2.133–13.465)
HBeAg, log10s/co 1.758 (1.234–2.503)
HBeAg status (+/-) 5.569 (1.706–18.180)
HBV DNA, log10IU/mL 1.579 (1.244–2.004)
ALT levels, U/L 0.995 (0.970–1.021)
Cesarean section (Y/N) 0.901 (0.300–2.710)
Perinatal factors
Gestation weeks, w 0.862 (0.568–1.308)
Birth weight, g 1.000 (0.998–1.001)
Breastfeeding (Y/N) 0.873 (0.280–2.724)

CI= confidence interval, OR = odds ratio.
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It was noteworthy that 4 of these vertically transmitted infants
(4/26) were born to HBeAg-negative mothers, compared with the
22 other infants born to HBeAg-positive mothers. Furthermore,
the HBV DNA levels of the 4 HBeAg-negative mothers were
significantly lower than HBeAg-positive mothers (4.35±0.61 vs
7.65±1.02; P= .005). For the 189 HBeAg-positive mothers, the
risk ratio and 95% CI of infantile HBV infection in the mothers
with HBV DNA levels >106 IU/mL was 1.210 (1.129–1.297),
while for the 310 HBeAg-negative mothers, the risk ratio and
95% CI in mothers with HBV DNA level >2�103 IU/mL was
6.652 (5.097–8.683), which was much higher than that of those
HBeAg-positive mothers with HBV DNA level >106 IU/mL.
Moreover, a significantly higher titer of HBsAg was observed in
HBeAg-negative mothers compared with HBeAg-positive moth-
ers with MTCT (4.13±0.74 vs 3.08±1.03 log10IU/mL, Z=�
2.106, P= .035).With further analysis, a risk ratio and 95%CI of
MTCT as high as 26.062 (2.633–258.024) was displayed in
HBeAg-negative mothers with HBV DNA level >2�103 IU/mL
and HBsAg >104 IU/mL.
3.5. Awareness and knowledge of HBV transmission and
prevention among HBsAg-positive pregnant women

Questionnaire of knowledge about HBV transmission, risk
factors for MTCT, and intervention for MTCT was randomly
distributed to 300 HBsAg-positive pregnant women. None of
pregnant women.

P Multivariate OR (95% CI) P

.746

.843
<.001 2.515 (0.693–9.125) .161
.002 0.897 (0.196–4.093) .888
.004 0.428 (0.003–55.593) .733

<.001 1.586 (1.020–2.465) .041
.716
.853

.862

.650

.815
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Figure 1. Differential rates of HBV infection in infants related to varying concentrations of maternal HBV DNA, HBsAg, and HBeAg levels. (A) The rates of HBV
infection in infants due to varying levels of maternal HBV DNA, HBsAg, and HBeAg. (B) The rates of HBV infection in infants born to HBeAg-positive mothers with
varying levels of maternal HBV DNA and HBsAg. (C) The rates of HBV infection in infants born to HBeAg-negative mothers with varying levels of maternal HBV DNA
and HBsAg.
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these interviewees declined participation but 12 did not return
their questionnaire and 5 did not complete the questionnaires. A
total of 283 questionnaires with complete data were analyzed;
263 (92.93%) respondents were aware of blood as a medium of
HBV transmission. However, knowledge of other body fluids
as source of infection varies among HBsAg-positive mothers.
Regarding the knowledge about risk factors of HBV MTCT, 82
women (28.62%) were aware of high HBV DNA levels as a risk
factor and 152 (53.71%) HBsAg-positive mothers knew that
combined immunoprophylaxis administration could prevent
their infants from HBV infection. Compared with the awareness
of combined immunoprophylaxis, the knowledge of efficacy of
antiviral treatment during pregnancy to prevent MTCT was
poorer (20.14%vs 53.71%; P< .001), and only 15.19%mothers
had in-depth knowledge about safety of telbivudine and tenofovir
administration during pregnancy. Compared with data from
5

other parts of China and other countries, the awareness and
knowledge of HBVMTCT of the mothers included in the present
study were deficient. The results suggest that there is much room
for improvement regarding the knowledge of vertical transmis-
sion of HBV.
4. Discussion

A 5-year hospital-based cross-sectional study was carried out and
included 13,451 pregnant women from 18 hospitals in Shaanxi
Province in Northwestern China. This study aimed at identifying
the prevalence and risk factors for HBV infection among
pregnant women and to assess the awareness and knowledge
about the MTCT of HBV infection among this population. A
HBsAg prevalence rate of 7.07% was observed in this study,
which was much higher than the common population in

http://www.md-journal.com
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China. Compared with survey results from Shenyang
(Northeastern China),[20] Guizhou (Southwestern China),[29]

and Hainan (Southern China),[30] the prevalence of HBV in this
study (Northwestern China) was substantively high, which may
be attributed to the relatively low gross domestic product and
education level in this closed hinterland. Furthermore, the
deficiency of awareness and knowledge about periodic reviewing
and prevention during pregnancy indicates the necessity of
strengthening the cognizance among primary health care doctors.
With the wide implementation of hepatitis B vaccination in the

past 20 years, the HBsAg carrier rate in the Chinese population
has significantly decreased.[19] Combined immunoprophylaxis to
newborns of HBsAg-positive mothers largely aims to eliminate
HBV infection through antenatal transmission. Considering the
imbalance of economic development and education levels among
different areas in China, we envisioned the significance to update
and assess the HBsAg-positive situation in Shaanxi Province,
China, a large rural province in Northwestern China with a
population of 37 million. We further anticipated that these recent
findings might help enlighten the importance to formulate new
policy and guidelines for the prevention of HBV infection.
The majority of the CHB pregnant women did not display

severe complications during pregnancy. Nevertheless, compared
with pregnant women without HBV infection, the incidence of
ICP (5.26%) and postpartum hemorrhage (0.95%) were
significantly higher in HBsAg-positive pregnancies. In a previous
study conducted by Tse et al,[31] a high risk of antepartum
hemorrhage had been identified to be associated with HBV
infection, which may be related to the chronic inflammatory state
in this population. The close association of ICP with HBV has
also been explored in other observations,[32] and the inflamma-
tion caused by chronic HBV infection was responsible for this.
Thrombocytopenia and anemia are the common complications in
patients with liver stiffness. In our study, the incidence of
thrombocytopenia (4.52%) and anemia (6.73%) was also
substantively higher in HBsAg-positive mothers, which may be
attributed to the inhibitory effect of HBV on the maturation of
the bone marrow, another identified factor responsible for
thrombocytopenia and anemia. For the safety of CHB pregnant
women and their fetus, assessing and monitoring liver function
before and during pregnancy is essential.
In this current investigation, we noticed that among the

HBsAg-positive mothers, about one-third was HBeAg-positive
and 22.08% pregnancies had high viremia (>106 IU/mL), which
is consistent with a previous study.[33] Surprisingly, our data
revealed that only 16.19% of these mothers with high viral load
were managed with antiviral intervention during pregnancy,
indicating the importance of strengthening the training for
primary care doctors about management and therapeutic
intervention of CHB in pregnant women. In accordance with
previous studies,[34,35] vaginal delivery and breastfeeding do not
contribute to HBV infection in infants receiving combined
immunoprophylaxis. Obviously, high HBV DNA levels indicat-
ing viral load andHBeAg positivity reflecting the infectivity status
are the 2 independent risk factors for MTCT.[36] Currently,
maternal HBsAg titer, HBeAg status, and HBV DNA levels are 3
closely linked parameters of prime importance and are consid-
ered relevant with vertical transmission. Even though, the overall
MTCT rate was 5.21%, a much substantially higher risk was
demonstrated in mothers with HBV DNA >6 log10 IU/mL,
HBsAg >4 log10 IU/mL, or HBeAg >1000s/co (13.33%,
13.53%, and 21.28%, respectively), which is alarming and
points toward a dire need of immediate attention and proper
6

action by the responsible authorities. Nevertheless, the exact
molecular mechanisms responsible for these observations require
additional studies.
It is recommended by all major liver society guidelines that

antiviral therapy should be administrated to pregnant women
with high viremia during the third trimester.[37–39] On the
contrary, a previous study of 869 infant–mother pairs showed
that the MTCT rate of HBV infection due to failure of
immunoprophylaxyin HBeAg-positive mothers with HBV
DNA levels ≥6 log10copies/mL was 3.1%.[40] Another investi-
gation showed the rate of intrauterine transmission at maternal
viral load >7 log10copies/mL was 6.6%.[33] Accordingly, these
data suggest that about 90% of these mothers may not require
antiviral therapy during pregnancy, and therefore, it is necessary
to figure out the exact high-risk population with large sample
randomized controlled studies. Of note, in the present study, 4
infants born to HBeAg-negative mothers got intrauterine HBV
infection. With further analysis, we noticed that the risk ratio of
intrauterine transmission for HBeAg-negative mothers with HBV
DNA level >2�103 IU/mL was substantially high [OR=6.652
(5.097–8.683)], even higher than the HBeAg-positive mothers
with HBVDNA level>106 IU/mL. Surprisingly, HBeAg-negative
mothers with HBV DNA levels >2�103 IU/mL and HBsAg
>104 IU/mL displayed a significantly higher risk of MTCT [risk
ratio=26.062 (2.633–258.024)]. In this case, antiviral therapy is
recommended for this special population (HBeAg-negative and
HBsAg >104 IU/mL) even with low HBV DNA levels to prevent
MTCT, which is not consistent with recommendation by the
major liver society guidelines, in which antiviral therapy is
recommendation to initial in the third trimester in pregnant
women with high viremia (>2�105 IU/mL). The discrepancy of
immune state and viral mutation in HBeAg-negative mothers
may be response for the higherMTCT, which needs further study
to clarify the molecular mechanisms. Consequently, we think that
different interventional strategies should be followed for CHB
pregnant women with HBeAg-negative and HBeAg-positive; for
HBeAg (+) pregnant women, antiviral therapy is recommended
for those with HBV DNA >2�105 IU/mL to prevent MTCT,
while for the HBeAg (-) mothers, antiviral therapy is recom-
mended for those with HBV DNA >2�103 IU/mL and HBsAg
>104 IU/mL. Moreover, the exact timing of the therapeutic
intervention during pregnancy needs to be determined through
further clinical investigations.
This cross-sectional study design could not differentiate the

data based on the fluctuating serological marker profile of
chronic hepatitis infection at different stages of the disease.
Another major limitation of this study is the failure to distinguish
the true inactive carriers from active HBeAg-negative individuals,
which could be possible by performing varying levels of ALT in
blood. Althoughwe did not include the awareness rate of HBsAg-
negative pregnant women as controls, we compared our results
with other studies on the awareness rate of knowledge about
maternal-infantile HBV infection, so as to draw the conclusion of
a low awareness rate of knowledge about HBV in our subjects.
The awareness rate of vertical transmission knowledge among
the Chinese population varies from 40% to 91% in different
regions,[26,27] of which Shaanxi is an area of low awareness.
Compared with foreign countries, the awareness rate in our
country is also low.[26] Nevertheless, according to the data we
obtained, we could not get a cut-off score for the lack of
awareness.
The prevalence rate of HBsAg-positivity in pregnant women

from Shaanxi is still high, the awareness and knowledge of the
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Knowledge of HBV transmission and prevention among HBsAg-
positive mothers.

Variables HBsAg (+) mothers (N=283)

Infection routes
Blood (yes) 263 (92.93)
Breast milk (yes) 178 (62.90)
Vaginal/seminal fluid (yes) 124 (43.81)
Saliva (yes) 57 (20.14)
Risk factors of mother-to-infant transmission
High HBV DNA level (yes) 81 (28.62)
HBeAg-positive (yes) 96 (33.92)
Prevention of mother-to-infant transmission
HB vaccine (yes) 170 (60.07)
Combined immunoprophylaxis (yes) 152 (53.71)
Knowledge of antiviral treatment during pregnancy
Aware of antiviral treatment (yes) 108 (38.16)
Efficacy of antiviral treatment (yes) 57 (20.14)
Safety of LdT and TDF during pregnancy (yes) 43 (15.19)

Results are displayed as number (%).
LdT= telbivudine, TDF= tenofovir.
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disease are deficient, and further epidemiological training and
education should be implemented in primary level doctors and
pregnant women. The precise interventional and monitoring
strategies for HBeAg-negative and HBeAg-positive mothers need
to clarify with an elaborate comprehensive multicenter study
including large-scale subjects (Table 5).
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