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Purpose: High hepatitis B infection rates in China are a major public health issue, and mother-to-child transmission (MTCT) is
a significant risk factor.

Patients and Methods: This study was conducted with a prospective multicentre design from January 2021 to December 2022 in
245 hospitals providing midwifery services in southeastern China. The participants were pregnant women who were positive for
hepatitis B surface antigen (HBs Ag) and their children. The HBs Ag concentration was tested in children aged 812 months. The odds
ratio for each risk factor was calculated by logistic regression analysis, and the decision tree model was used.

Results: A total of 5369 children born to hepatitis B-infected mothers between 8 and 12 months of age were enrolled, among whom
81 (1.51%) were positive for HBsAg. The risk factors for hepatitis B infection in 5369 children under one-year-old were a high
intrauterine hepatitis B exposure level, a history of hepatitis B immunoglobulin (HBIG) delay beyond 12 hours after birth, and lack of
full hepatitis B vaccine (HepB), with risks of 3.356 (1.223~9.209), 5.691 (1.931~16.773), and 5.137 (2.265~11.650), respectively. The
discrimination accuracy of the decision tree was 98.5%. The risk factors for hepatitis B infection in 4542 children under one year old
with high exposure risk were nonstandard treatment by the mother during pregnancy, HBIG delay beyond 12 hours after birth, and no
complete HepB administration, with risks of 2.925 (1.063-8.047), 5.354 (1.806-15.871) and 5.147 (2.258-11.733), respectively. The
discrimination accuracy of the decision tree was 98.3%.

Conclusion: To prevent mother-to-child transmission of hepatitis B, it is necessary to standardize the treatment of pregnant women
with a high exposure risk of hepatitis B, implement combined vaccination within 12 hours of birth, and standardise the full course of
HepB.
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Introduction
Hepatitis B virus (HBV) infection is one of the world’s most serious public health problems. A total of 296 million
people are chronically infected with HBV.! During the perinatal period, HBV is mainly transmitted to infants through the
mother’s blood and body fluids.> Without intervention, 70-90% of infants born to mothers positive for hepatitis B antigen
will develop chronic infection.> The Global Burden of Disease study found that, in contrast to the overall trend of
a decreasing burden of other infectious diseases, disability-adjusted life-years (DALYs) due to the long-term sequelae of
chronic hepatitis B (CHB) are generally increasing.*

A large proportion of those infected with the HBV are women of childbearing age. In countries with a high incidence
of CHB (>8%), the main routes of transmission are perinatal (>20%) and early childhood infection (>60%).’ In the
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absence of vaccination, more than 50% of infections occur in childhood and adolescence, and more than 20% are due to
perinatal morbidity associated with HBV infection.®’

Mother-to-child transmission (MTCT) is one of the leading causes of chronic hepatitis B infection and related mortality
worldwide.®* MTCT is responsible for 30-50% of HBV transmission in China.” Therefore, the prevention of MTCT and the
elimination of the main transmission route of HBV are essential measures for the eradication of this disease. In 2016, the World
Health Organization (WHO) launched the Global Health Sector Strategy on Viral Hepatitis 20162021, which focused on
eliminating viral hepatitis as a significant public health threat by 2030.° The prevention of MTCT is one of the five core areas of
this strategic plan, aimed at achieving a rate of <0.1% of HBV infection in children under five years of age.” China is set to play
a vital role in achieving the global goal of eradicating hepatitis B by 2030.

Routine vaccination is the most effective way to eliminate hepatitis B in newborns.'® To prevent MTCT of hepatitis B and
control the epidemic of hepatitis B, the WHO recommends hepatitis B vaccine (HepB) within 24 hours of birth. China introduced
a policy of providing free hepatitis B immunoglobulin (HBIG) to children exposed in utero to the HBV, and used three doses of
HepB in the free immunisation programme for all children. According to the national strategy, three doses of the HepB are
required for the whole vaccination course, following the 0-1-6 month program, ie, vaccine 1 at birth and vaccines 2 and 3 at one
month and six-month intervals. After 18 years of implementation, the program effectively reduced the number of new hepatitis
B infections among children nationwide.!" The prevalence of hepatitis B surface antigen (HBs Ag) in children under five was
0.32% in 2014, a 97% decrease from the number of prevaccination years.'* In the present study area, the prevalence of HBV in
children under 15 years of age reached a low level (0.5%),"* which indicates the effectiveness of the HepB in reducing the rate of
HBYV infection.

Despite this great success, more than 50,000 Chinese infants may acquire chronic HBV infection at birth each year.'*
Despite adequate HBIG and HepB at birth, 4-10% of neonatal cases after exposure prophylaxis fail.'> A serological
study of children born to HBV-infected mothers after three doses of HepB in four provinces in China showed that 91% of
infants were anti-HBs positive, suggesting that almost 10% had no evidence of immunity to HBV infection.'® Therefore,
vaccination alone is not sufficient for the prevention of infection in children.'® We hypothesized that, in addition to
vaccination, the status of HBV infection in children under one year of age was related to maternal pregnancy status.

We conducted this study among pregnant women infected with HBV and babies that were delivered in Fujian
Province, Southeast China. We analyzed the pregnancy status of the infants’ mothers and children’s HBs Ag test results.
We assessed the incidence of MTCT and associated risks. We report our analysis and recommendations.

Materials and Methods
Study Design
This prospective multicenter study was conducted between January 2021 and December 2022 in 245 healthcare facilities

providing midwifery services in southeastern China.

Study Population and Specimen Collection

All pregnant women were tested for HBs Ag, anti-HBS, hepatitis B e antigen (HBe Ag), anti-HBe, and anti-HBc. The
detection methods used were enzyme-linked immunosorbent assays. The government fully funded the cost of testing. If
conditions permit, pregnant women with positive HBs Ag should be quantitatively tested for HBV DNA. The HBV DNA
test uses HBV-specific primers and HBV probes (TAMRA) for real-time qPCR analysis of DNA samples.

Treatment During Pregnancy

For pregnant women with a serum HBV DNA concentration >2x10° IU/mL, based on informed consent, antiviral therapy
was started at 28 weeks of pregnancy. Pregnant women with an HBV DNA concentration >2x10° IU/mL can be created
on antiviral therapy at 24 weeks of gestation. If the HBV DNA test is unavailable or no test result is available, antiviral
treatment can be started at 28 weeks of gestation based on the positive outcome of HBe Ag. The therapy was tenofovir
disoproxil fumarate (TDF).
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Inclusion and Exclusion Criteria
The inclusion criteria were HBs Ag-positive pregnant women and single liveborn individuals who agreed to have their
children followed up and were tested for HBs Ag between 8 and 12 months of age. There were no exclusion criteria.

Benefits for Study Participants

With special funding from the Chinese government, all pregnant women are not required to pay for hepatitis B marker
testing during pregnancy, and all newborns receive three doses of 0-1-6 HepB free of charge. Infants born to HBV-
infected mothers receive HBIG free of charge.

Assessment of Sociodemographic Data

Standardized case registration cards were used to collect self-reported information on age, place of residence, marital
status, level of education, occupation, and parity from HBs Ag-positive mothers. Through hospital record review,
newborn registration review, and parent-held infant vaccination records, we obtained the child’s date of birth, gender,
birth weight, and HBIG and HepB status.

Index Definition
Hepatitis B-Exposed Children
Children born to mothers infected with HBV.

Hepatitis B Exposure Level

If the mother’s HBV DNA concentration was > 2*10° TU/mL, she was considered to have high exposure. If the mother
was not tested for HBV DNA during pregnancy, the child whose mother was HBe Ag positive was defined as having
high HBV exposure, and the rest were defined as having normal exposure.

Diagnostic Criteria for MTCT of HBV Infection
HBs Ag status was evaluated in infants aged 8—12 months. If the HBs Ag was positive, MTCT was confirmed.

Postbirth and Follow-Up

The children were tested for HBs Ag by contacting their guardians via a mobile phone or home address during the 8—12
months of life. The method was as follows: 3~5 mL of venous blood was extracted and centrifuged at 2000 RPM/min,
after which the serum was collected and stored at —80°C. The detection methods used were enzyme-linked immunosor-
bent assay or chemiluminescence immunoassay.

Statistical Analysis

All the statistical analyses were performed using IBM SPSS Version 27.0 software. Following normality, continuous
variables are presented as the mean + standard deviation or median (interquartile range), and they were compared using
a t-test or Wilcoxon rank-sum test. The chi-square test or Fisher’s exact probability method was used to compare
counted data. We fitted logistic regression models with children’s HBs Ag level as a binary outcome to calculate odds
ratios (ORs) and 95% CIs. The decision tree decision (DT) was selected based on the input element. A value of
p < 0.05 was considered to indicate a significant difference.

Sample Size

PASS V.15.0 was used to calculate sample sizes for two-group comparisons. The sample size was calculated according to the
proportion of children with high HBV intrauterine exposure in the positive group (with MTCT) and negative group (without
MTCT). We adopted an 80% study power, 95% confidence interval (CI), and a 5% alpha error. Therefore, we reached a sample
size of no less than 213 children, 71 in the HBs Ag positive group and 142 in the HBs Ag negative group.
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Results

The technology roadmap is shown in Figure 1. A total of 5546 HBs Ag-positive pregnant women were enrolled in the
study, and 5369 single children with HBs Ag test results were tracked. Among 5369 pregnant women, the mean age was
31.4204+4.196 years. A total of 5272 (98.19%) were cohabiting or married. In terms of maximum education level
attained, 1542 (28.72%) had completed junior high school or below education, 1574 (29.32%) had completed senior
secondary education, and 2253 (41.96%) had completed a bachelor’s or higher education. There were 3106 (57.85%)
patients who underwent hepatitis B DNA testing during pregnancy.

Analysis of 5369 HBV-Exposed Children

5369 HBsAg-exposed children aged 8—12 months were enrolled, including 2904 males (54.09%) and 2465 females
(45.91%). Eighty-one children (1.51%) were HBs Ag positive, and 5288 (98.49%) were HBs Ag negative. Five children
did not receive HBIG due to immediate rescue after birth, and 42 children did not receive the first dose of HepB during
hospitalization due to rescue or low birth weight. Ninety-two children did not receive three doses of HepB due to illness
or because of the parents’ schedule.

Univariate Analysis

The chi-square or rank-sum test was performed with the HBs Ag test results of children aged 8—12 months as the dependent
variable and the series of possible influencing factors as the independent variables. The results showed that high intrauterine
exposure to hepatitis B, HBIGand the first dose of HepB delayed until more than 12 hours after birth and no total of three doses
of HepB were associated with MTCT of hepatitis B. Mothers who did not receive standard treatment during pregnancy,
gender, gestational age at birth, birth weight, or mode of delivery were not significantly associated with MTCT.

Multivariable Logistic Regression

We subsequently performed multivariable logistic regression analysis with the univariate meaningful independent
variables. The regression method was used to screen variables (excluding standard p=0.15). A high risk of hepatitis
B exposure in utero, delayed HBIG exposure more than 12 hours after birth, and incomplete vaccination with three doses
of HepB were risk factors for HBV infection in children younger than one year. Compared with that in children with
normal intrauterine exposure, the risk of HBV infection in children with high intrauterine exposure was 3.356 (1.223 to
9.209) times more significant. The risk of HBV infection in children who received the first dose after 12 hours of birth

5546 HBs Ag-positive pregnant women

childbirth Excluding 15 stillbirths, 4
stillbirths, 121 twins and
multiple births

5406 children were born alive

30 lost to follow-up were
excluded

5376c¢children

7 HBs Ag were refused to

HBs Ag be detected

5369 children

Figure | Technology roadmap. A total of 5546 HBsAg-positive pregnant women were enrolled in this study. Among them, 140 women with twin or multiple births or
stillbirths were excluded, and 37 women were lost to follow-up after delivery. Final inclusion of 5369 pregnant women and their singleton liveborn children.
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was 5.691 (1.931-16.773) times that of those within 12 hours of birth. The risk of HBV infection in children who were
not vaccinated according to the standardized “0-1-6” procedure was 5.137 (2.265-11.650) times greater than that in
children vaccinated according to the standardized procedure, as shown in Table 1.

Decision Tree

The chi-square test was used to compare each independent variable with the target variable, with a group (1= negative,
2= positive) as the dependent variable. The independent variable that showed the most significant difference was chosen
as the first level of the tree structure. Each category of the target variable was used as a node in the first level. The chi-
square test was then performed on other variables at each node to create subsequent levels of hierarchy and nodes. The
panel displays the node hierarchy, with negative nodes (red) and positive nodes (blue) plotted in ascending order of node
degree. The highest node degree level is at the top, and nodes at the same horizontal level have the same degree. The
decision tree attained an accuracy of 98.5%. Figure 2 illustrates the structure of the decision tree.

Analysis of 4542 Children with High HBV Exposure

Univariate Analysis

With HBs Ag test results in children aged 8-12 months as the dependent variable, a separate analysis of the
characteristics of 4542 children with high hepatitis B exposure revealed that the mother did not receive standard
treatment during pregnancy, HBIG and the first dose of the HepB were delayed until more than 12 hours after birth,
and no complete vaccination of three doses of HepB was associated with MTCT, as shown in Table 2.

Table | Analysis of Hepatitis B Infection Risk in Children Exposed to Hepatitis B

Univariate Analysis Multivariable logistic
regression
HBs Ag HBs Ag lz P OR p
Positive Negative (95% CI)
Hepatitis B exposure level in children?, Ordinary exposure 4(0.48) 823(99.52) 6912 0.009 1.000
n (%)
High exposure 77(1.70) 4465(98.30) 3.356 0.019
(1.223-9.209)
Standard treatment during pregnancy®, Standard treatment 5(0.76) 651(99.24) 2.802 0.094
n (%)
Nonstandard 76(1.61) 4637(98.39)
treatment
Time of HBIG®, n (%) Within 12 hours of 77(1.45) 5244(98.55) - 0.004 1.000
birth
12 hours after birth 4(9.30) 39(90.70) 5.691 0.002
(1.931-16.773)
First dose of HepB, n (%) Within 12 hours of 72(1.38) 5139(98.62) 19.211 | <0.001
birth
12 hours after birth 9(5.70) 149(94.30)
The whole process of HepB©, n (%) Yes 74(1.40) 5200(98.60) 22.348 | <0.001 1.000
No 7(7.37) 88(92.63) 5.137 <0.001
(2.265-11.650)
Gender, n (%) Boy 45(1.55) 2859(98.45) 0.071 0.789
Girl 36(1.46) 2429(98.54)
Gestational age at birth, Psg(P,s, P7s) 39(38,40) 39(38,40) 0.645 0.519
Birth weight, Pso(P2s, Pys) 3200(2950,3500) | 3260 1.369 0.171
(2991.3,3570)
Mode of delivery, n (%) Natural delivery 50(1.50) 3275(98.50) 0.001 0.970
Cesarean section 31(1.52) 2013(98.48)

Notes: After variable selection, three variables, namely, Hepatitis B exposure level in children, time of HBIG, and the whole process of HepB were included in the final
multivariable model. *Ordinary exposure was used as a reference. °Five children were not vaccinated with HBIG due to rescue after birth. Within 12 hours of birth, it was
used as a reference. “The whole course of HepB was used as a reference.
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Figure 2 Decision tree architectural diagram for 5369 HBV-exposed children.

994

https:

Dove!

Infection and Drug Resistance 2024:17


https://www.dovepress.com
https://www.dovepress.com

Dove Huang et al

Table 2 Analysis of Hepatitis B Infection Risk in Children with High Exposure to Hepatitis B

Univariate Analysis Multivariable Logistic
Regression
HBs Ag HBs Ag 2lz ) OR P
Positive Negative (95% CI)
Standard treatment during pregnancy?, Standard treatment 4(0.61) 651(99.39) 5.403 0.020 1.000
n (%)
Nonstandard 73(1.88) 3814(98.12) 2.925 0.038
treatment (1.063-8.047)
Time of HBIG®, n (%) Within 12 hours of 73(1.62) 4424(98.38) - 0.004 1.000
birth
12 hours after birth 4(10) 36(90) 5.354 0.002
(1.806-15.871)
The first dose of HepB, n (%) Within 12 hours of 68(1.55) 4333(98.45) 19.187 | <0.001
birth
12 hours after birth 9(6.38) 132(93.62)
The whole process of HepB®, n (%) Yes 70(1.57) 4385(98.43) 21.466 | 0.028 1.000
No 7(8.05) 80(91.95) 5.147 <0.001
(2.258-11.733)
Gender, n (%) Boy 42(1.7) 2423(98.3) 0.002 0.961
Girl 35(1.69) 2042(98.31)
Gestational age at birth, Pso(P2s, P7s) 39(38,40) 39(38,40) —0.433 | 0.665
Birth weight, Pso(P2s, P7s) 3285 3200(2950,3500) | —1.497 | 0.134
(2991,3570)
Mode of delivery, n (%) Natural delivery 48(1.75) 2702(98.25) 0.105 0.476
Cesarean section 29(1.62) 1763(98.38)

Notes: After variable selection, the final multivariable model included three variables, namely, standard treatment during pregnancy, time of HBIG, and the whole process of
HepB. *Standard treatment for reference. °Five children were not vaccinated with HBIG due to rescue after birth. Within 12 hours of birth, it was used as a reference. “The
whole course of HepB was used as a reference.

Multivariable Logistic Regression

Variables with statistical significance according to univariate analysis were further analyzed via multivariable logistic
regression. The regression method was used to screen variables (excluding standard p=0.15). Among the children at high
risk of HBV exposure, the risk factors for HBV infection in children were mothers receiving irregular treatment during
pregnancy, HBIG delayed until more than 12 hours after birth, and incomplete vaccination with three doses of HepB. The
ORs were 2.925 (1.063-8.047), 5.354 (1.806-15.871), and 5.147 (2.258-11.733), respectively, as shown in Table 2.

Decision Tree
The decision tree analysis method was the same as above. The decision tree achieved an accuracy of 98.3%, and the

structure of the decision tree is shown in Figure 3.

Discussion
The transmission routes of HBV mainly include blood, mother-to-child, and sexual contact. The frequency of HBV
infection varies worldwide.'” The regions of the world with the highest rates of HBV infection are concentrated in Asia
and Africa.'® High prevalence areas were defined as those with an Ag-positive proportion of HBs of at least 8%. Areas of
moderate prevalence were limited to those with a positive rate of 5% to 7.99%. Low prevalence areas were defined as
those with a positive rate of less than 5%.'®'° HBV infection is a significant health problem in China. Currently, the
seroprevalence of HBs Ag in the general population in China is 5-7%.'%*' For women of childbearing age, the
seroprevalence rate of HBs Ag is 4.87-9.51%.%%%

As the primary route of HBV transmission, MTCT accounts for 40-50% of chronic infections,”* which means that
there is also high pressure to prevent MTCT of hepatitis B.
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Figure 3 Architectural diagram of the decision tree for 4542 children with high HBV exposure.

To prevent MTCT, all infants should receive HepB as soon as possible after birth.>> According to the Advisory

Committee on Immunization Practices (ACIP), it is recommended that infants born to mothers who test positive for HBs

Ag receive the HepB birth dose and HBIG. It protects newborns from infection when administered. A study of hepatitis
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B exposure in 551 children in China showed that maternal HBs Ag, HBe Ag double-positive, and noncombined birth
immunization (HBIG and first dose of HepB) were risk factors for MTCT of HBV.?®

Slightly different from the findings in the literature, 99.91% (5364/5369) of the children in this study were vaccinated
with HBIG, whereas none of the neonates who were not immunized with HBIG received the first dose of HepB during
hospitalization; therefore, we did not analyze the combined immune effects of HepB and HBIG. A prospective
observational cohort study was conducted in China to follow up on infants born to HBs Ag-positive mothers at seven
months and older. That study revealed that delayed vaccination was independently associated with immunoprophylaxis
failure (OR=4.14, 95% CI=1.00-17.18).?” Univariate analysis in this study showed that the rate of HBs Ag positivity at
one year was lower in children who received HBIG and the first dose of HepB within 12 hours of birth than in those who
received the vaccine after 12 hours. However, in the multivariable logistic regression, the timing of the first dose of the
HepB was not entered into the regression equation to account for the synergistic effect of the variables. Based on our
study data, it is recommended that obstetricians and neonatologists develop or adjust the timing of the first dose of HepB
or HBIG, stockpile sufficient amounts of HepB and HBIG in advance according to the expected date of delivery,
regularly train in vaccination for nurses in labor wards and maternity wards, and manage the prognosis to ensure that
eligible children are vaccinated on time within 12 hours after birth. It is best given immediately after delivery in the
operating room or delivery room. For children referred to the neonatology department for treatment, neonatologists need
to assess the condition promptly, reasonably assess contraindications to vaccination, and, if necessary, request
a consultation with a public health physician so that neonatal immunization cannot be directly vetoed because of referral
to the department for treatment.

The American Society for Maternal-Fetal Medicine (SMFM) considers it essential to complete a three-dose series of
HepB for maximum newborn protection and recommends it for all infants regardless of maternal HBV infection status.*®
Another study in the study area revealed that among children under 15 years of age, the percentages of patients with
positive anti-HBs and anti-HBe antibodies in the whole vaccination group were more significant than those in the nonfull
vaccination group.'® We found that failure to follow the whole “0-1-6” HepB schedule was a risk factor for MTCT of
hepatitis B, which is consistent with the above findings. The current vaccination rate for hepatitis B among children in
China is more than 99%, but a small number of children still do not receive the vaccine regularly. We suggest that in the
future, vaccination clinics and hospitals providing routine medical check-ups for children should share data regularly to
enhance the health promotion and mobilization of unvaccinated children. We focused on follow-up visits for children
with irregular residence ring locations and used big data platforms for timely tracking to ensure timely vaccination.
However, in our study, we included only children under 1 year of age who were delivered by HBs Ag-positive mothers
and collected HBs Ag results only for children. The WHO and the Western Pacific Region emphasize that postvaccina-
tion serological testing (PVST) of infants born to HBs Ag-positive mothers is essential for determining the effectiveness
of the prevention of MTCT.?® In the future, additional follow-up studies of the serological data of children at different
ages are needed to clarify the protective effect of the entire course of HepB on children with intrauterine hepatitis
B exposure. Additionally, depending on the antibody titer, immunization is boosted if necessary.

HBYV transmission occurs in 4-10% of immunized persons despite widespread passive and active immunoprophylaxis
at birth.'>*? A risk factor for vaccination failure is a high viral load of the mother’s HBV. Previous studies have shown
that pregnant women with high levels of HBV DNA have an increased risk of MTCT.*® HBV infection occurs in
approximately 8—15% of infants born to hypervolemic mothers.*' Serological tests were also conducted on infants born
to HBs Ag-positive mothers in four provinces of China. The results showed that infants born to HBe Ag-positive mothers
had a greater risk of being HBsAg-positive than those born to HBe Ag-negative mothers (OR =5.6, 95% CI=2.7-11.5).'°
A study conducted in Tanzania revealed that the mothers of children with a high viral load tested positive for HBe Ag
with a high degree of sequence similarity, indicating vertical transmission.” According to the results of the systematic
evaluation and meta-analysis, HBe Ag-positive pregnant women have a high failure rate of MTCT interruption.*? Our
study also supported the above conclusion that children whose mothers had high DNA levels or were HBe Ag positive
were at increased risk of MTCT. However, our study differs from the above mentioned studies in that we preferred to
define a maternal DNA level greater than 2*10° TU/mL during pregnancy as high exposure, and only when there was no
condition for checking DNA did we use HBe Ag positivity instead. HBV DNA in the serum is a reliable marker of active
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HBYV replication, while HBe Ag indicates active HBV replication.®* The presence of HBeAg during pregnancy increases
the risk of vertical transmission of hepatitis B from unvaccinated individuals 31% to 85%.>* The HBV DNA test is not
widely available because it is expensive and requires high laboratory expertise.'* A systematic review and meta-analysis
in 2021 showed that the implementation rate of HBV-DNA testing was only 36.6% (95% CI, 28.3—45.3%) globally and
31.6% in China.*” In our current study in southeastern China, the detection rate of HBV DNA was 57.85%, higher than in
previous reports. However, a significant proportion of infected pregnant women still do not have access to HBY DNA. To
prevent MTCT, the use of HBe Ag positivity as an indicator for antiviral therapy in HBV-infected pregnant women
should be considered when HBV DNA testing is unavailable.>® It is recommended that pathway management be
strengthened in obstetrics in the future and that doctors assess the risk of intrauterine HBV exposure in fetuses
immediately after HBs Ag positivity is detected and that in hospitals without the capacity to test for HBV DNA,
HBeAg can be used as a substitute. Obstetricians develop pregnancy treatments based on the exposure risk level of the
fetus and standardize pregnancy management and treatment modalities for HBs Ag-positive pregnant women with high
fetal exposure risk levels.

We did not find an association between treatment during pregnancy and the rate of MTCT of hepatitis B in our
analyses of all the samples. Considering that mothers with low HBV DNA levels or HBe Ag negativity during pregnancy
are rarely treated and to control for confounding factors, we analyzed data from children with high exposure to hepatitis
B separately. The absence of standardized treatment during pregnancy was a risk factor for detecting MTCT of hepatitis
B, with a risk of 2.925. Unlike what has been reported, our data reveal the magnitude of the risk of MTCT of hepatitis
B in the absence of standardized treatment during pregnancy and delayed or missing childhood immunization. Although
the risk of standardized treatment during pregnancy was lower than that of vaccination, these findings confirm the
phenomenon observed in our clinical work, whereby children remain infected with HBV after receiving HBIG and three
doses of HepB. Thus, treatment during pregnancy for mothers of children at high risk of hepatitis B exposure is an issue
that needs to be considered by obstetricians. In a prospective observational study in Egypt, at least a 3-log reduction in
maternal viral load at birth was observed in women receiving lamivudine during pregnancy, demonstrating comparable
infant protection.”® Previous studies in China have shown that in HBe Ag-positive pregnant women with an HBV viral
load >2*10° TU/mL, no transmission was detected in those who received TDF therapy during their third trimester.*” In
early pregnancy, before the placenta is formed, HBV can directly infect the fetus. Once the placenta is formed, maternal
comorbidities or complications during pregnancy can also compromise the placental barrier and lead to intrauterine HBV
infection of the fetus. Intrauterine transmission is a cause of childhood immunization failure that cannot be ignored.
Treatment during pregnancy may stop intrauterine HBV infection. Real-world studies have demonstrated that pregnant
women at high risk for transmission can be identified, and antiviral therapy can be used with increased efficacy in
preventing transmission. TDF is classified as a category B drug and is considered safer than lamivudine for pregnancy.*®
Its effectiveness has been confirmed for mothers or infants who were followed up for 24 to 28 weeks.?’ Similar results
were obtained in our study, which showed that the absence of standardized treatment for mothers during pregnancy
increased the risk of MTCT of hepatitis B, as did the lack of full immunization and delayed HBIG. Prevention of MTCT
of hepatitis B should be combined with pregnancy care in the future, and HBs antigen, anti-HBS, HBe Ag, and anti-HBc
detection should be carried out as soon as possible in early pregnancy. The hepatitis B viral load should be retested at
mid-pregnancy, if available, to determine the level of risk of fetal exposure reasonably. For pregnant women at high risk
of exposure, a reasonable treatment timing and regimen should be chosen based on the viral load threshold, standard
antiviral therapy should be initiated, and multidisciplinary consultation with hepatologists/gastroenterologists should be
provided as necessary. If possible, the extent of the reduction in HBV DNA during pregnancy should be periodically
reviewed, and the treatment regimen should be adjusted as appropriate.

Decision tree is a predictive method used in machine learning. Based on the decision tree model used in this study, it
is possible to predict in advance the probability of HBs Ag positivity in children. In addition, managing high-risk
children should be incorporated in conjunction with routine child health care services, the frequency of follow-up visits
should increase, and immunization should be strengthened when necessary.
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Advantage

This study has several strengths. First, we conducted a multicentre study involving multiple hospitals in China, where
hepatitis B has a high incidence. Second, our study focused on the accuracy of the data, which were based on a high-
quality database obtained from a prospective study. Information on each mother—infant pair was recorded and verified,
reducing the risk of error and bias. Third, we adjusted the data using multivariate logistic regression analysis to ensure
reliable estimates. Fourth, we had a sufficiently large sample size to follow up on the detection of HBs Ag in children
under one-year-old, providing sufficient evidence for the analysis of the MTCT rate of hepatitis B and its influencing
factors.

Limitations

We acknowledge that this study has limitations. We analyzed the serology of hepatitis B-infected pregnant women in the
study area during the same period, and the positivity rate of the HBe antigen was 23%. Mothers with high HBV DNA
levels or HBe antigen positivity during pregnancy have better compliance with child follow-up and serological testing
due to particular concerns about their child’s health. As a result, the proportion of children with high exposure to hepatitis

B was more significant than that of children with normal exposure in our recruiting population.

Conclusion

Considering the high incidence of HBV infection among pregnant women in China, pressure is put on the prevention of
MTCT. These results provide two valuable pieces of information. Careful surveillance of maternal HBs Ag/HBe Ag/
HBV-DNA load status is crucial during pregnancy and the perinatal period. Infected pregnant women should be
identified as early as possible, and pregnant women with high-risk levels of exposure should be treated. In childhood,
newborns should receive HBIG and the HepB within 12 hours after delivery, and infants within one year of age should
receive three doses of HepB on time according to the “0-1-6” program. After three doses of the HepB, routine follow-up
testing for hepatitis B markers should be performed to determine the effect of preventing MTCT.

Abbreviations
HBY, hepatitis B virus; HBs Ag, hepatitis B surface antigen; HBe Ag, hepatitis B e antigen; HepB, hepatitis B vaccine;
HBIG, hepatitis B immunoglobulin; MTCT, mother-to-child transmission; DT, decision tree.
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