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Objective: In China, vertical transmission is the primary route of hepatitis B
virus (HBV) transmission from mothers to their children. This study aimed to
develop a predictive model for assessing the risk of HBV infection in newborns
born to mothers with HBV infection. Additionally, the model was validated
across subgroups based on child stage, gender, and race to facilitate the early
identification of high-risk newborns and the development of personalized
preventive measures.

Methods: We collected medical records of 443 newborns whose mothers had
a history of hepatitis B. We compared case characteristics between newborns
with and without HBV infection and identified key factors using LASSO approach
to construct a multivariate logistic regression prediction model. The model's
performance was evaluated using the ROC curve, calibration curve, and decision
curve analysis. The stability of the predictions was further validated through
5-fold cross-validation. Finally, subgroup analyses were conducted based on
sex, age, and race.

Results: We identified alanine aminotransferase, direct bilirubin, gamma-
glutamyl transferase, HBsAg, and HBcAb as key factors for the prediction model.
The model achieved an area under the ROC curve of 0.890 (95% CI: 0.831-
0.949). The calibration curve and decision curve analysis confirmed the model's
accuracy, and the 5-fold cross-validation reaffirmed its internal stability. The
model also demonstrated robust validation across different age, gender, and
race subgroups.

Conclusion: Our study developed a reliable predictive model for assessing
the risk of HBV infection among newborns of HBV-infected mothers in China.
The model performed well across various child stages, genders, and racial
subgroups. This research provides a foundation for the early identification of
newborns at high risk for HBV infection, thereby reducing the risk of neonatal
HBV transmission and supporting the rationale for individualized precision
treatment.
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vertical transmission, hepatitis B virus, predictive model, direct bilirubin, gamma-
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1 Introduction

Hepatitis B is a potentially life-threatening infectious disease
caused by the HBV. This infection poses a significant public health
challenge worldwide. Over 2 billion people have been exposed to
HBYV, with an estimated 387 million currently living with chronic
infections and approximately 10 million new carriers emerging each
year. China has one of the highest rates of hepatitis B globally, and the
incidence continues to rise (1, 2). The primary transmission routes of
hepatitis B blood
child transmission.

include transmission and mother-to-
In China, chronic hepatitis B infection is typically transmitted to
newborns by mothers who are chronic carriers during delivery.
Mothers who are positive for hepatitis B e antigen (HBeAg) or have a
high maternal HBV DNA load usually present with elevated viral
loads and increased infectiousness (3). The risk of vertical transmission
is most pronounced in mothers who test positive for both HBsAg and
HBeAg, with transmission rates estimated between 70 and 90%. In
contrast, for mothers who are HBsAg positive but HBeAg negative,
the risk decreases from 40% to around 10% (4, 5). Studies indicate that
the risk of perinatal HBV infection in infants of HBsAg-positive
mothers varies widely, ranging from less than 10% to as high as 70 to
90%, depending on maternal HBeAg status (6, 7). Additionally, the
degree of liver damage or the liver’s compensatory ability before
delivery plays a crucial role in determining the risk of HBV
transmission to infants. Mothers with impaired liver function are
more likely to transmit the virus to their newborns (8). Factors such
as maternal gestational age and overall health also influence
transmission risk. Passive-active combined immunization can
significantly reduce the mother-to-child transmission rate during the
neonatal period, decreasing it from 75 to 90% to around 10%.
However, there remains some debate regarding the relationship
between maternal infection and the neonatal immune response (9).
Although existing immunological prophylaxis has significantly
reduced the risk of transmission, early identification of high-risk cases
can further mitigate the risk of HBV infection. Reducing maternal
viral load during pregnancy and increasing the HBV vaccine dose for
infants are critical strategies. Our study aimed to establish a predictive
model for hepatitis B infection in newborns born to mothers with a
history of hepatitis B. By identifying newborns at high risk for HBV
infection early, we can develop personalized preventive measures to
further reduce the risk of infection in this vulnerable population.

2 Materials and methods
2.1 Participants

Our study retrospectively collected cases and relevant clinical data
of hospitalized newborns at Kunming Children’s Hospital from
January 2020 to January 2024. The mothers of these newborns had a
history of hepatitis B infection. All mothers underwent hepatitis B
antigen and antibody testing before pregnancy, including HBsAg,
HBsAb, HBeAg, HBeAb, and HBcAb, with all tests conducted using
enzyme-linked immunosorbent assay (ELISA). All mothers with a
history of HBV infection received treatment at hospitals with extensive
experience in HBV management. None of the mothers had received
hepatitis B vaccinations within three years before pregnancy. The
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presence of hepatitis B infection in all included newborns was
confirmed by HBV DNA testing, with newborns having HBV DNA
>20 IU/mL considered to be infected with HBV. All included
newborns received basic immunoprophylaxis with hepatitis B vaccine
and hepatitis B immunoglobulin (HBIG) within 12h of birth.
Informed consent was obtained from the parents of all participants for
the use of case data and maternal medical history.

2.2 Inclusion and exclusion criteria

Inclusion criteria: (1) The mother had a confirmed diagnosis of
HBYV infection; (2) Complete clinical data for both the newborn and
the mother. Exclusion criteria: (1) The newborn had underlying
diseases such as liver disease, kidney disease, hematological disorders,
immune system diseases, or hereditary metabolic endocrine disorders;
(2) The mother had not undergone professional assessment and
regular treatment for hepatitis B during her infection; (3) The mother
had a history of hepatitis B exposure during pregnancy; (4) The
mother had a history of blood transfusion during pregnancy; (5) The
newborn did not receive HBIG treatment within 12 h; (6) The
newborn had a history of hepatitis B exposure prior to HBV
DNA testing.

2.3 Included factors

Eighteen relevant factors were included in the analysis. These
encompassed the child’s basic demographic information (such as age,
sex, ethnicity); maternal serological test results for hepatitis B prior to
pregnancy (HBsAg, HBsAb, HBeAg, HBeAb, HBcAb); routine blood
and biochemical indicators [alanine aminotransferase (ALT),
aspartate aminotransferase (AST), gamma-glutamyl transferase
(GGT), direct bilirubin (DBIL), albumin, hepatitis B virus (HBV),
immunoglobulin M (IgM), immunoglobulin G (IgG), and alkaline
phosphatase (ALP)]. Additionally, maternal medical history
information was included, such as gestational age, alcohol
consumption history, blood transfusion history, and family history.

2.4 Model construction

All newborn cases were first divided into HBV and non-HBV
groups based on HBV infection status. We compared the eighteen
relevant factors between the two groups. Then, the statistically
significant factors were included in the subsequent analysis. We then
used the “glmnet” R package to perform Least Absolute Shrinkage
and Selection Operator (LASSO) for further selection of the factors
that are more important for predicting the outcome. LASSO is a
regularization method for linear regression. It achieves variable
selection and model simplification by introducing an L1
regularization term into the loss function. The main advantages of
LASSO include its ability to shrink the coefficients of unimportant
variables to zero, thereby retaining only the key variables, reducing
model complexity to prevent overfitting. During the selection
process, 5-fold cross-validation was used to select the optimal
lambda value, namely lambda.min or lambda.lse. A larger lambda
indicates a stronger regularization effect of the model, resulting in
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fewer selected independent variables. Variables were selected based
on the optimal and maximum lambda values. Then, we used the
“rmda” R package to include the finally selected factors in the
multivariable logistic regression analysis to construct the prediction
model. We also used the “rms” R package to plot the nomogram of
the optimal model.

2.5 Model evaluation and validation

We first utilized the “pROC” R package to plot the receiver
operating characteristic (ROC) curve and assess model performance
using the area under the curve (AUC). Next, we employed the
“ResourceSelection” R package to create a calibration curve to evaluate
the model’s calibration, followed by decision curve analysis (DCA)
using the “decision_curve” function for further accuracy assessment.
conducted  5-fold
createFolds function.

Finally, we cross-validation using the

2.6 Subgroup analysis

We categorized all cases by child sex into male and female; by age
into 1 week, 2 weeks, 3 weeks, and 4 weeks; and by ethnicity into
Ethnic minorities and Han ethnicity. We then calculated the AUC for
each subgroup to evaluate the model’s predictive value.

2.7 Statistical analysis

All statistical analyses were performed using R version 4.4.1. For
normally distributed continuous data, results were expressed as
mean * SD, and independent samples t-tests were used for group
comparisons. For non-normally distributed data, quartiles were used
for description, and non-parametric rank-sum tests were employed
for comparisons. Categorical data were expressed as proportions, with
chi-square tests used for comparisons between groups. A p-value of
<0.05 was considered statistically significant.

3 Results

3.1 Description and comparison of clinical
characteristics

Among the mothers included in the study, 15 cases were
diagnosed with chronic active hepatitis B based on pre-pregnancy
hepatitis B antigen and antibody testing results, of which 8 newborns
were infected with HBV; 7 cases were diagnosed with chronic inactive
hepatitis B, of which 4 newborns were infected with HBV; and there
were 421 cases of mothers with a past hepatitis B infection, among
which 33 newborns were infected with HBV. The proportion of HBV
infection in newborns born to mothers with a past hepatitis B
infection was significantly lower than that in the other two groups
(p < 0.05).

Among the included patients, 45 (10.16%) were in the HBV
group, while 398(89.84%) were in the n-HBV group. A comparison of
clinical data revealed significant differences in ALT, AST, DBIL, GGT,
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HBeAg, HBsAg, HBeAb, and HBcAb between the two groups
(Table 1).

3.2 Screening of key factors

We included the eight factors mentioned above in the LASSO
analysis to select the factors with greater predictive value. During the
selection process, 5-fold cross-validation was used to choose the
optimal lambda value, which was found to be 0.0082. The factors ALT,
DBIL, GGT, HBAg, and HBcAb were identified as having the best
linear relationships (Figures 1A,B) and were selected as the final key
variables for the subsequent construction of the multivariable
logistic model.

3.3 Construction and evaluation of the
prediction model

First, we included the AUC in the multivariable logistic regression
model. Higher levels of ALT, higher levels of DBIL, higher levels of
GGT, HBsAg positivity, and HBcAb positivity were identified as
statistically significant independent risk factors for the outcome. A
forest plot was used to display the analysis results (Figure 1C). A
nomogram was created to visualize the prediction model (Figure 1D).
The model’s AUC was 0.890 (95% CI: 0.831-0.949) (Figure 2A). The
model’s AUC was significantly greater than the AUC of individual
factors (Figure 2B). We also performed 5-fold cross-validation on the
model. This result indicates that our constructed model has good
predictive performance (Figure 2C). Finally, the calibration curve and
DCA curve further confirmed that the model has accurate and
valuable predictive significance (Figures 2D,E).

3.4 Subgroup analysis

To assess the predictive efficacy of our model under various
conditions, we performed a subgroup analysis based on sex, age, and
ethnicity. In each subgroup, the model demonstrated good predictive
value (Figure 2F). Among them, the AUC of the 3-week subgroup was
the highest at 0.900, while the AUC of the 2-week subgroup was the
lowest at 0.869.

4 Discussion

China has a high incidence of HBV infection, with mother-to-
child transmission being a significant contributor. If no measures are
taken, the risk of vertical transmission can reach 90% (10). Timely
prediction of vertical transmission enables early prevention of
neonatal hepatitis B infection (11, 12). In this study, we analyzed
medical records from 443 newborns with a maternal history of
hepatitis B. We compared the characteristics of newborns with and
without HBV infection, identifying DBIL, GGT, HBsAg, and HBeAg
as key predictive factors. Our multivariate logistic regression model
demonstrated strong predictive power, validated through 50% cross-
validation. Analyses based on sex, age, and ethnicity confirmed the
model's effectiveness across subgroups.
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TABLE 1 Comparison of clinical data between the HBV and n-HBV groups.

10.3389/fpubh.2025.1536904

Factor HBV (n=45) n-HBV (n=398) P
Newborn's age (day) 10.76+9.89 9.05+7.15 0.266
Newborn's sex 0.999
Female 19(42.22) 166(41.71)
Male 26(57.78) 232(58.29)
Newborn's ethnicity 0.355
Han ethnicity 39(86.67) 317(79.65)
Ethnic minorities 6(13.33) 81(20.35)
ALT 58.13+24.78 39.66+15.56 <0.001
AST 53.78+27.4 39.39+15.46 0.001
DBIL 25.29+8.32 19+5.55 <0.001
Albumin 34.52+3.86 34.83+15.76 0.75
IgM 2.34+0.71 2.31+0.58 0.805
ALP 479.62+215.74 433.97£154.53 0.174
GGT 25(18-30) 16(10-19) <0.001
HB 110(102-116) 112(102-119) 0.984
1gG 15(11.44-19) 14(10.12-17) 0.177
Gestational age in days 269(264-273) 268(264-274) 0.790
HBsAg <0.001
No 33(73.33) 388(97.49)
Yes 12(26.67) 10(2.51)
HBsAb 0.638
No 22(48.89) 175(43.97)
Yes 23(51.11) 223(56.03)
HBeAg 0.001
No 33(73.33) 386(96.98)
Yes 12(26.67) 12(3.02)
HBeAb <0.001
No 25(55.56) 313(78.64)
Yes 20(44.44) 85(21.36)
HBcAb <0.001
No 15(33.33) 275(69.1)
Yes 30(66.67) 123(30.9)
Alcohol history 0.110
No 27(60) 289(72.61)
Yes 18(40) 109(27.39)
Family history 0.999
No 27(60) 241(60.55)
Yes 18(40) 157(39.45)
Blood transfusion history 0.463
No 35(77.78) 284(71.36)
Yes 10(22.22) 114(28.64)

HBYV is a widely spread infectious disease globally, and vertical
transmission or early-life acquisition of the infection is a leading cause
of chronic hepatitis, cirrhosis, and even hepatocellular carcinoma
(HCC) (13-16). Studies showed that approximately 90% of newborns
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and infants infected with HBV developed chronic infections, while the
chronicity rate for adults was only 5% to 10% (17). This high chronicity
rate closely related to the underdeveloped immune system in infants,
which is unable to effectively clear the virus. Chronic HBV infection

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1536904
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Liu et al.

10.3389/fpubh.2025.1536904

A 8 7 6 5 5 C
z
Factors  Coefficient P value OR(95% Cl)
w |
- ALT 0.025 0.008  1.025(1.006-1.044)
g
5 S DBIL 0.091 0.001  1.095(1.039-1.154)
g 24 GGT 0.051 0.004 1.052(1.017-1.088)
s | N\ HBsAg 1.705 0.003 5.5(1.761-17.172)
HBcAb 0.959 —— 0.013 2.608(1.219-5.58)
T T T T T
7 6 5 4 3
Log Lambda
0 10 20 30 40 50 60 70 80 90 100
Points
8 8888766655555 5 4
° ALT
5 4 1 10| 20 |30 | 40| 50 60 70 |80 90 110 | | 430 | | 150
g il DBIL ; : — : : : :
g S 11 10 15 20 25 30 35 40 45 50
1"5’8_ Tk GGT
S ° - iy 5 |10 15 |20 5301354 45 |50 | 55 60 |65
- TTTTTITITTT e 7] 1 )
g S UL m J H HBsAg
. 10000t aa b baed 0910 b
S 7 HBCcAb )
Il Nl :
2
c ! J ! J J Total Points r T T T T T T T T T T T T )
7 6 5 4 3 0 20 40 60 80 100 120 140 160 180 200 220 240 260
Loo(®) Prob ‘ : — —
0.01 02 04 06 08 09
FIGURE 1
(A,B) Key variables selected by LASSO. (C) Forest plot of the multivariable logistic regression model. (D) Nomogram of the predictive model. Direct
Bilirubin (DBIL), Gamma-Glutamyl Transferase (GGT), Hepatitis B Surface Antigen (HBsAg), Hepatitis B e Antigen (HBeAg), Aspartate Aminotransferase
(AST), Alanine Aminotransferase (ALT), Hepatitis B Surface Antibody (HBsAb), Hepatitis B Core Antibody (HBcAb).

not only leads to persistent liver damage but also may further progress
to cirrhosis and HCC, posing a serious threat to patients’ health (18,
19). Therefore, preventing neonatal HBV infection is a critical step in
blocking the occurrence of chronic liver disease and liver cancer.
Preventing chronic liver disease and liver cancer by addressing
neonatal HBV infection holds significant public health implications.
First, the high chronicity rate of HBV infection in newborns often
goes unnoticed as chronic infections are usually asymptomatic,
becoming evident only when they progress to cirrhosis or HCC, which
complicates treatment and worsens prognosis (20). Second, chronic
HBYV infection is a long-term process, potentially taking decades to
progress from infection to cirrhosis or liver cancer; once it enters the
chronic phase, the virus becomes difficult to eradicate, necessitating
lifelong monitoring and treatment, thus imposing heavy economic
and psychological burdens on families and society (21). Therefore,
blocking vertical transmission of HBV at its source not only
significantly reduces the incidence of chronic liver disease and liver
cancer but also alleviates the long-term impact of the disease on
individuals and society.To effectively prevent neonatal HBV infection,
multi-layered comprehensive intervention measures are required.
First, all pregnant women should undergo HBV screening during
pregnancy (including HBsAg, HBeAg, and HBV-DNA testing), and
antiviral treatment should be initiated in the late pregnancy period for
those with high viral loads (HBV-DNA >10/6 IU/mL) to reduce the
risk of mother-to-child transmission (22). Second, during delivery,
strict measures should be taken to avoid neonatal contact with
maternal blood or body fluids, and the appropriate delivery method
should be selected based on obstetric indications. Most importantly,
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high-titer hepatitis Bimmunoglobulin (HBIG) should be administered
within 12 h of birth, followed by the first dose of hepatitis B vaccine
within 24 h; these are core measures to block mother-to-child
transmission (23). For newborns of mothers with high viral loads, it
is recommended to administer an additional 200 U of HBIG at 14 days
and ensure the completion of the hepatitis B vaccine schedule (0, 1,
and 6 months). Furthermore, breastfeeding is generally safe after
immunization, but care should be taken to avoid breastfeeding when
there are cracks or bleeding from the nipples.

Long-term follow-up and regular assessments are essential for
ensuring the effectiveness of prevention strategies. Newborns should
undergo HBsAg and anti-HBs testing between 9 and 12 months of age
to evaluate the effects of immune prevention and infection status. For
uninfected newborns, regular monitoring of anti-HBs levels should
take place, with booster vaccinations as necessary; for infected
children, liver function, HBV-DNA levels, and liver imaging changes
should be regularly evaluated for early detection and treatment of
chronic liver disease or liver cancer (24). Breastfeeding is usually safe
after immunization, but should avoid breastfeeding during nipple
breakage or bleeding. Through health education, optimized allocation
of public health resources, and multidisciplinary collaboration,
vertical transmission can be more precisely interrupted, reducing the
risks of chronic hepatitis and liver cancer, thus providing a healthier
future for newborns.

HBCcAD is an antibody against the HBV core antigen and usually
appears early in HBV infection, reflecting the immune response of the
body to the virus. In the context of mother-to-child transmission, the
presence of HBcAD serves as an important predictor of hepatitis B
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FIGURE 2
(A) ROC curve of the predictive model; (B) ROC curves for individual factors DBIL, GGT, HBeAg, and HBsAg; (C) Results of the 5-fold cross-validation;
(D) Calibration curve of the predictive model; (E) DCA curve of the predictive model; (F) AUC values for each subgroup. Direct Bilirubin (DBIL), Gamma-
Glutamyl Transferase (GGT), Hepatitis B Surface Antigen (HBsAg), Hepatitis B e Antigen (HBeAg).

transmission. Studies indicated that HBcAb-positive mothers tended
to have higher HBV viral loads during pregnancy, increasing the risk
of the virus being transmitted to the newborn through delivery or
breast milk. Additionally, the appearance of HBcAb may suggest active
viral replication in the mother, further influencing the likelihood of
mother-to-child transmission. HBsAg (hepatitis B surface antigen) is
a marker secreted into circulation during HBV replication. Maternal
exposure to HBsAg may induce partial immune tolerance in the fetus,
weakening the immune response of the newborn to the hepatitis B
vaccine and leading to vaccination failure (23). Among the multiple
factors influencing vertical transmission, maternal HBV-DNA levels
positively correlated with viral DNA in umbilical cord blood,
emphasizing the importance of antiviral therapy during pregnancy
(24). Furthermore, HBV sequestration within placental villous
capillaries may increase the risk of transplacental transmission,
especially when viral concentrations are high on the placental surface
(25). The presence of maternal HBsAg may also induce fetal immune
tolerance during early pregnancy, resulting in inadequate immune
responses post-vaccination (26). Liver function closely correlates with
hepatitis B transmission; impaired liver function often accompanies
active HBV replication and high HBV-DNA levels, thereby increasing
the risk of transmission. Liver insufficiency may suppress the immune
system, further exacerbating the likelihood of transmission (27).
Additionally, patients with abnormal liver function may require
adjustments to antiviral drug dosages, which may affect viral clearance
and transmission risk (28). In general, good liver function helps control
viral replication and reduces transmission risk, whereas abnormal liver
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function may worsen it. The maternal HBV infection status and liver
function indicators directly influence the risk of neonatal infection.
Pregnant women who are HBV carriers with abnormal liver function
and high viral loads exhibited a significantly increased risk of neonatal
infection (29); conversely, those with normal liver function and low
viral activity had a lower risk. Timely preventive measures, such as
administering immunoglobulin and vaccination at delivery, effectively
reduced vertical transmission risks (30, 31). Therefore, monitoring and
managing maternal HBV infection and liver function is crucial for
neonatal health.

Our study identified elevated ALT, DBIL, and GGT as important
indicators for predicting neonatal HBV infection. In clinical practice,
this model can serve as an optimal diagnostic tool for identifying
pediatric HBV infection. First, routine testing of HBsAg and HBcAb
should occur during antenatal screening to assess HBV infection
status. Second, combining liver function indicators such as ALT,
DBIL, and GGT can help evaluate the activity of viral replication and
liver health. Finally, using the model to calculate a risk score allows for
the identification of high-risk newborns. For high-risk infants,
immediate intervention measures, such as administering hepatitis B
immunoglobulin (HBIG) and vaccination, may be taken after birth to
interrupt mother-to-child transmission. Additionally, the model can
guide antiviral therapy during pregnancy by reducing maternal viral
loads and further decreasing transmission risks. Through this
stratified management and precise intervention strategy, we can
significantly reduce the incidence of pediatric HBV infection and
improve outcomes for affected children.
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As a retrospective study, our research carries some inherent bias.
Additionally, the subjects lacked external validation across different
regions, ethnicities, and time periods. To enhance the reliability of our
findings and reduce bias, future studies should prioritize large-scale,
multicenter, prospective designs that include diverse populations.

5 Conclusion

In conclusion, our study constructs a predictive model with
strong efficacy for assessing the risk of HBV infection in newborns
born to HBV-infected mothers in regional China. The model also
demonstrates good validation across subgroups based on child age,
sex, and ethnicity. Our findings provide a foundation for early
identification of newborns at risk for HBV infection, enabling the
development of personalized preventive measures to further reduce
infection risk and support individualized treatment approaches.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author/s.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Kunming Children’s Hospital. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this study
was provided by the participants’ legal guardians/next of kin. Written
informed consent was obtained from the individual(s), and minor(s)’
legal guardian/next of kin, for the publication of any potentially
identifiable images or data included in this article.

Author contributions

XL: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization, Writing -
original draft, Writing - review & editing. CG: Conceptualization,
Data curation, Formal analysis, Funding acquisition, Investigation,
Methodology,
Supervision, Validation, Visualization, Writing - original draft,

Project administration, Resources, Software,
Writing - review & editing. XD: Data curation, Methodology,
Writing - original draft, Writing - review & editing. YY:
Conceptualization, Investigation, Writing — original draft, Writing -

review & editing. LK: Methodology, Supervision, Writing — original

References

1. Global Burden of Disease Liver Cancer Collaboration, Akinyemiju T, Abera S,
Ahmed M, Alam N, Alemayohu MA, et al. The burden of primary liver cancer and
underlying etiologies from 1990 to 2015 at the global, regional, and national level: results
from the global burden of disease study 2015. JAMA Oncologia. (2017) 3:1683-91. doi:
10.1001/jamaoncol.2017.3055

Frontiers in Public Health

10.3389/fpubh.2025.1536904

draft, Writing - review & editing. LW: Conceptualization,
Investigation, Writing — original draft, Writing - review & editing.
TH: Data curation, Methodology, Writing - original draft, Writing -
review & editing. YH: Conceptualization, Investigation, Writing —
original draft, Writing - review & editing. FW: Data curation,
Methodology, Writing — original draft, Writing — review & editing.
NF: Formal analysis, Supervision, Writing - original draft, Writing -
review & editing. YW: Formal analysis, Methodology, Supervision,
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This research was supported
by a grant from Kunming Science and Technology Talent Training
“Spring City Famous Doctors” Yunnan Provincial Science and
Technology Plan Project Science and Technology Popularization
Special Project (202404 AM350026). Kunming Health Science and
Technology Talent Training Project (2022-SW-0014). Kunming
Health Science
(2023-Cultivation category-00). Kunming Health Science and
Technology Talent Training Project (2022-SW-0004).

and Technology Talent Training Project

Acknowledgments

We would like to express our gratitude to all the teachers who
participated in this study for their contributions.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

2. Collaborators GBDC. The global, regional, and national
burden of cirrhosis by cause in 195 countries and territories,
1990-2017: a systematic analysis for the global burden of disease study
2017. Lancet Gastroenterol Hepatol. (2020) 5:245-66. doi:
10.1016/S2468-1253(19)30349-8

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1536904
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1001/jamaoncol.2017.3055
https://doi.org/10.1016/S2468-1253(19)30349-8

Liu et al.

3. Xiao B, Liu A, Zhang M, Xue H, Zhu Y. Observation of the effect of the pregnancy
complicated with the hepatitis B infection on the lying-in women and neonates. Saudi
J Biol Sci. (2019) 26:1978-1981. doi: 10.1016/j.5jbs.2019.08.020

4. Li T, Cai XY, He W. Viral load of pregnant women infected with hepatitis B virus
influences of gestational diabetes mellitus. J Infectiol Zhongmei Hospital. (2017)
27:5233-5.

5. Samadi KG, Congly SE, Matwiy T. Cost effectiveness of quantitative hepatitis B
virus surface antigen testing in pregnancy in predicting vertical transmission risk. Liver
Int. (2016) 36:1604-10. doi: 10.1111/1iv.13139

6. Supriya DM, Andallu DR, Sashikala DR. Study of hepatitis B virus infection in pregnant
women and their outcome. Iosr ] Dent Med Sci. (2017) 16:48-57. doi: 10.9790/0853-1601064857

7. Yang Y, Cheng WT, Zhou YB. Impact of HIV/HBV infection and HIV/HBV co-
infection on outcomes of pregnancy[J]. Zhonghua Liu Xing Bing Xue Za Zhi, (2017)
38:837-40. doi: 10.3760/cma.j.issn.0254-6450.2017.06.029

8. Zheng YF, Wang Y, Yang X. Intrahepatic cholestasis of pregnancy for pregnancy
knot department and perinatal prognosis analysis. China Maternal Child Health Study.
(2017) 28:1760-2. doi: 10.3969/j.issn.1673-5293.2017.12.083

9. Kushner T, Shaw PA, Kalra A, Magaldi L, Monpara P, Bedi G, et al. Incidence,
determinants and outcomes of pregnancy-associated hepatitis B flares: a regional
hospital-based cohort study. Liver Int. (2017) 38:813-20. doi: 10.1111/1iv.13594

10. Yin XR, Liu ZH, Liu ZH, Li ], Zhuang H, Dou XG, et al. Getting to zero mother-
to-child transmission of hepatitis B virus: dream and challenge. Zhonghua Gan Zang
Bing Za Zhi. (2018) 26:262-5. doi: 10.3760/cma.j.issn.1007-3418.2018.04.006

11. Huang XX, Lin Q, Li Y, Li L. Effects of maternal health during pregnancy and child
immunization on mother-to-child transmission of hepatitis B virus: a multicentre, large-
sample study in Southeast China. Infect Drug Resist. (2024) 17:989. doi: 10.2147/IDR.S443172

12. Hambridge T, Nartey Y, Duah A, Plymoth A. Hepatitis B mother-to-child
transmission in the eastern region of Ghana: a cross-sectional pilot study. Pan Afr Med
J. (2019) 33:218. doi: 10.11604/pam;j.2019.33.218.17242

13. Borondy-Jenkins F, Ansah B, Chen J, Goldring A, Ibrahim Y, Issa S, et al. Global
hepatitis B and D community advisory board: expectations, challenges, and lessons
learned. Front Public Health. (2024) 12:12 1437502. doi: 10.3389/fpubh.2024.1437502

14. Wong R]J, Gish RG, Cheung R, Chitnis AS. Low prevalence of vaccination or
documented immunity to hepatitis a and hepatitis B viruses among individuals with
chronic liver disease. Am ] Med. (2021) 134:882-92. doi: 10.1016/j.amjmed.2021.02.008

15. Kaneko S, Kurosaki M, Inada K, Kirino S, Hayakawa Y, Yamashita K, et al.
Hepatitis B core-related antigen predicts disease progression and hepatocellular
carcinoma in hepatitis B e antigen-negative chronic hepatitis B patients. ] Gastroen
Hepatol. (2021) 36:2943-51. doi: 10.1111/jgh.15563

16. Zhang ZQ, Wang YB, Lu W, Liu DP, Shi BS, Zhang XN, et al. Performance of
hepatitis B Core-related antigen versus hepatitis B surface antigen and hepatitis B virus
DNA in predicting HBeAg-positive and HBeAg-negative chronic hepatitis. Ann Lab
Med. (2019) 39:67-75. doi: 10.3343/alm.2019.39.1.67

17. Yapali S, Talaat N, Lok AS. Management of hepatitis B: our practice and how it relates
to the guidelines. Clin Gastroenterol H. (2013) 12:16-26. doi: 10.1016/j.cgh.2013.04.036

18. Chang KC, Chang MH, Lee CN, Chang CH, Wu JE Ni YH, et al. Decreased
neonatal hepatitis B virus (HBV) viremia by maternal tenofovir treatment predicts

Frontiers in Public Health

08

10.3389/fpubh.2025.1536904

reduced chronic HBV infection in children born to highly viremic mothers. Aliment
Pharm Therap. (2019) 50:306-16. doi: 10.1111/apt.15321

19. Cheung KW, Lao TT. Hepatitis B - vertical transmission and the prevention of
mother-to-child transmission. Best Pract Res Clin Obs. (2020) 68:78-88. doi:
10.1016/j.bpobgyn.2020.02.014

20. Shen EX, Lambert SB, Malo JA, Bennett S, Sheridan SL, Vasant BR, et al. Perinatal
immunoprophylaxis in babies born to hepatitis B virus-positive mothers in Queensland
Australia: a data linkage study. Vaccine. (2019) 37:2884-8. doi:
10.1016/j.vaccine.2019.04.052

21.Harder KM, Cowan S, Eriksen MB, Krarup HB, Christensen PB. Universal
screening for hepatitis B among pregnant women led to 96% vaccination coverage
among newborns of HBsAg positive mothers in Denmark. Vaccine. (2011) 29:9303-7.
doi: 10.1016/j.vaccine.2011.10.028

22. Mutyoba JN, Surkan PJ, Makumbi E, Aizire J, Kirk GD, Ocama P, et al. Hepatitis B
birth dose vaccination for newborns in Uganda: a qualitative inquiry on pregnant
women's perceptions, barriers and preferences. J Virus Erad. (2021) 7:100039. doi:
10.1016/j.jve.2021.100039

23. Whittaker E, Goldblatt D, McIntyre P, Levy O. Neonatal immunization: rationale,
current state, and future prospects. Front Immunol. (2018) 9:9 532. doi:
10.3389/fimmu.2018.00532

24.Chen T, Qu C, Yao H, Lu L, Fan ], Wang Y, et al. Long-term efficacy of neonatal
hepatitis B vaccination against chronic hepatitis B virus infection and chronic liver
disease: a cross-sectional study based on Qidong hepatitis B intervention study.
Zhonghua  Liu  Xing Bing Xue Za  Zhi. (2016) 37:64-7. doi:
10.3760/cma.j.issn.0254-6450.2016.01.013

25. Schweitzer IL, Mosley JW, Ashcavai M, Edwards VM, Overby LB. Factors
influencing neonatal infection by hepatitis B virus. Gastroenterology. (1973) 65:277-83.
doi: 10.1016/s0016-5085(19)33109-9

26.Kanu FA, Freeland C, Nwokoro UU, Mohammed Y, Tkwe H, Uba B, et al.
Evaluation of interventions to improve timely hepatitis B birth dose vaccination among
infants and maternal tetanus vaccination among pregnant women in Nigeria. Vaccine.
(2024) 42:126222. doi: 10.1016/j.vaccine.2024.126222

27. Pickering L. Management of the Infant of a mother with viral hepatitis. Pediatr
Rev. (1988) 9:315-20. doi: 10.1542/pir.9.10.315

28.Mao K, Jiang P, Cai W, Lin Y, Zhou Y, Li D. Association of gestational hepatitis B
virus infection and antiviral therapy with pregnancy outcomes: a retrospective study. Int
] Gynecol Obstet. (2024) 166:115-25. doi: 10.1002/ijgo.15716

29.Chang S, Begier EM, Schech SD, Venus P, Shatin D, Braun MM, et al. Perinatal
hepatitis B transmission and vaccination timing in a managed care cohort:
assessment of the temporary delay in newborn hepatitis B vaccination due to
thimerosal content. Pediatr Infect Dis J. (2007) 26:329-33. doi:
10.1097/01.inf.0000258616.12752.51

30. Ferson MJ, McKenzie KA, Macartney-Bourne F. Fragmentation of scheduled visits
and missed doses among infants receiving multiple injected vaccines. Aust Nz J Publ
Health. (1997) 21:735-8. doi: 10.1111/j.1467-842x.1997.tb01789.x

31. Le STT, Sahhar L, Spring S, Sievert W, Dev AT. Antenatal maternal hepatitis B care
is a predictor of timely perinatal administration of hepatitis Bimmunoglobulin. Intern
Med J. (2017) 47:915-22. doi: 10.1111/imj.13466

frontiersin.org


https://doi.org/10.3389/fpubh.2025.1536904
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/j.sjbs.2019.08.020
https://doi.org/10.1111/liv.13139
https://doi.org/10.9790/0853-1601064857
https://doi.org/10.3760/cma.j.issn.0254-6450.2017.06.029
https://doi.org/10.3969/j.issn.1673-5293.2017.12.083
https://doi.org/10.1111/liv.13594
https://doi.org/10.3760/cma.j.issn.1007-3418.2018.04.006
https://doi.org/10.2147/IDR.S443172
https://doi.org/10.11604/pamj.2019.33.218.17242
https://doi.org/10.3389/fpubh.2024.1437502
https://doi.org/10.1016/j.amjmed.2021.02.008
https://doi.org/10.1111/jgh.15563
https://doi.org/10.3343/alm.2019.39.1.67
https://doi.org/10.1016/j.cgh.2013.04.036
https://doi.org/10.1111/apt.15321
https://doi.org/10.1016/j.bpobgyn.2020.02.014
https://doi.org/10.1016/j.vaccine.2019.04.052
https://doi.org/10.1016/j.vaccine.2011.10.028
https://doi.org/10.1016/j.jve.2021.100039
https://doi.org/10.3389/fimmu.2018.00532
https://doi.org/10.3760/cma.j.issn.0254-6450.2016.01.013
https://doi.org/10.1016/s0016-5085(19)33109-9
https://doi.org/10.1016/j.vaccine.2024.126222
https://doi.org/10.1542/pir.9.10.315
https://doi.org/10.1002/ijgo.15716
https://doi.org/10.1097/01.inf.0000258616.12752.51
https://doi.org/10.1111/j.1467-842x.1997.tb01789.x
https://doi.org/10.1111/imj.13466

	Predictive model for neonatal HBV infection risk in infants of HBV-infected mothers in China: an observational study
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Inclusion and exclusion criteria
	2.3 Included factors
	2.4 Model construction
	2.5 Model evaluation and validation
	2.6 Subgroup analysis
	2.7 Statistical analysis

	3 Results
	3.1 Description and comparison of clinical characteristics
	3.2 Screening of key factors
	3.3 Construction and evaluation of the prediction model
	3.4 Subgroup analysis

	4 Discussion
	5 Conclusion

	References

