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Background: High HBV-DNA load in pregnant women increases the risk of 

vertical transmission to infants. Tenofovir disoproxil fumarate (TDF) is an 

effective antiviral treatment, but its safety and efficacy in breastfeeding 

mothers with high HBV-DNA loads remain unclear.

Methods: This retrospective cohort study included 210 high HBV-DNA load 

mothers, divided into a TDF-BF Group (n = 110) that continued TDF 

postpartum and breastfed, and a Non-TDF-BF Group (n = 100) that 

discontinued TDF postpartum but breastfed. Primary outcomes were HBV 

transmission, infant HBV serostatus, neonatal safety outcomes, and 

maternal outcomes.

Results: The TDF-BF Group had significantly lower rates of vertical HBV 

transmission (P < 0.05) and HBsAg positivity at 12 months (P < 0.05) compared 

to the Non-TDF-BF Group. A higher proportion of infants in the TDF-BF 

Group had protective levels of anti-HBs at 12 months (P = 0.046, indicating 

borderline significance). Infant safety outcomes related to growth were 

comparable between groups, but the TDF-BF Group had significantly higher 

serum creatinine levels and lower serum phosphate levels (all P < 0.05, raising 

a potential signal for renal function differences). Maternal outcomes favored 

the TDF-BF Group, with better HBV-DNA suppression and ALT normalization.

Conclusion: Postpartum continuation of TDF and breastfeeding is an effective 

and safe strategy for reducing vertical HBV transmission and promoting infant 

immunity in high HBV-DNA load mothers. Notably, Tenofovir was not 

detected in the infant plasma, supporting the safety of this approach.

KEYWORDS

breastfeeding, hepatitis B virus (HBV), infant immunity, tenofovir disoproxil fumarate 

(TDF), vertical transmission

1 Introduction

Hepatitis B virus (HBV) infection poses a substantial global health challenge, with 

vertical transmission from mothers to infants contributing significantly to the disease’s 

spread (1–3). Maternal HBV-DNA load is a critical factor in predicting the likelihood 

of transmission to the newborn, and the implementation of antiviral therapy during 

pregnancy has been demonstrated to mitigate this risk effectively (4). The threshold of 
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HBV-DNA >2.0 × 105 IU/mL (equivalent to 106 copies/mL) is 

consistent with current international guidelines recommending 

the initiation of antiviral prophylaxis during pregnancy to 

prevent vertical transmission. Among the antiviral agents, 

tenofovir disoproxil fumarate (TDF) has emerged as a preferred 

choice due to its efficacy and safety profile (5). Despite the 

advancements in prenatal management, the postpartum period 

presents a critical juncture for both mother and infant. The 

continuation of antiviral therapy beyond pregnancy, particularly 

with TDF, and the decision to breastfeed are pivotal 

considerations that can in9uence maternal and infant health 

outcomes (6). The safety of TDF in breastfeeding, especially in 

the context of high maternal HBV-DNA load, remains a subject 

of debate due to the potential for drug transfer to the infant 

through breast milk (7–9). The pharmacokinetics of TDF in 

breast milk and its subsequent impact on infant plasma levels 

are key determinants of safety. Additionally, the infant’s 

immune response to HBV is a critical outcome. Limited data 

suggest that TDF exposure may have unknown effects on the 

developing immune system, though existing studies have not 

shown direct adverse effects (10–12). The purpose of this 

retrospective cohort analysis is to address these gaps in 

knowledge by examining the outcomes of postpartum TDF 

continuation and breastfeeding among mothers with high HBV- 

DNA loads. This study aims to assess the risk of vertical HBV 

transmission, evaluate the infant’s immune response, and 

examine the safety profiles of both mothers and infants.

2 Methods

2.1 Study design and population

This retrospective cohort study was conducted utilizing 

electronic medical records (EMRs) from the Shijiazhuang 

Maternal and Child Health Hospital Obstetrics Database. The 

study population included 210 high HBV-DNA load mothers 

(HBV-DNA >2.0 × 105 IU/mL) who delivered between January 

2018 and December 2023. This study received approval from the 

Institutional Review Board and Ethics Committee of the 

Shijiazhuang Maternal and Child Health Hospital, and abided 

by the ethical guidelines of the Declaration of Helsinki. 

Informed consent was waived due to the use of anonymous and 

pre-existing data. As the study used anonymous and pre-existing 

data, the requirement for the informed consent from patients 

was waived by the Shijiazhuang Maternal and Child Health 

Hospital.

Participants were divided into two groups: 

TDF-BF group (n = 110): Continued TDF (300 mg/day) 

postpartum and breastfed for ≥6 months.

Non-TDF-BF group (n = 100): Discontinued TDF postpartum 

but breastfed.

The decision to continue or discontinue TDF postpartum was 

individualized based on a combination of standardized clinical 

criteria and shared decision-making with the patient. Based on a 

review of the clinical records, physicians typically recommended 

TDF continuation if the delivery HBV-DNA level remained high 

(>2.0 × 105 IU/mL), if there was evidence of incomplete viral 

suppression, or if the mother expressed significant anxiety about 

transmission risk. Conversely, TDF was discontinued if the 

delivery HBV-DNA level was substantially lower than the 

baseline (<2.0 × 105 IU/mL), if liver function tests were 

consistently normal, or if the mother preferred to stop 

medication after delivery, after a thorough discussion of risks 

and benefits. In the TDF-BF group, the primary reasons for 

continuation were persistent high HBV-DNA loads at delivery 

and maternal desire to minimize transmission risk. In the Non- 

TDF-BF group, TDF was discontinued due to perceived lower 

transmission risk or patient preference to avoid prolonged 

medication exposure. These baseline differences were adjusted 

for using propensity score matching to minimize 

confounding bias.

2.2 Selection criteria

Inclusion criteria: 

(1) Singleton pregnancy, gestational age ≥24 weeks 

at enrollment.

(2) HBeAg-positive with baseline HBV-DNA >2.0 × 105 IU/mL.

(3) Normal maternal renal function (serum creatinine <1.2 mg/ 

dL) and liver enzymes (ALT <40 U/L).

Exclusion criteria: 

(1) Coinfection with HIV, HCV, or HDV.

(2) Pre-existing renal or bone metabolic disorders.

(3) Neonatal congenital anomalies.

2.3 Retrospective design

No prospective intervention: TDF continuation or 

discontinuation postpartum was based on clinical decisions, not 

predefined protocols. Data spanned a 5-year period to capture 

long-term maternal-infant outcomes. Propensity score matching 

adjusted for baseline differences in maternal age and HBV- 

DNA levels.

2.4 Data collection and extraction

All maternal and neonatal clinical data were retrospectively 

retrieved from the hospital’s EMR system. Maternal records 

included demographics, antenatal HBV serology (HBsAg, 

HBeAg, HBV-DNA), liver function tests (ALT, AST), TDF 

prescription history, adverse events, and postpartum outcomes. 

Neonatal records included birth weight, HBsAg/HBV-DNA 

results, and growth/developmental assessments. For all infants, 

standard HBV prophylaxis was administered, which included 

hepatitis B immune globulin (HBIG) within 12 h of birth and a 
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three-dose HBV vaccine at 0, 1, and 6 months; vaccination 

compliance was confirmed through the EMR.

2.5 Pharmacokinetic sub-study

We would like to clarify that the routine clinical practice at our 

hospital for postpartum mothers on TDF who choose to 

breastfeed includes scheduled follow-up visits at 1, 3, and 6 

months. During these visits, a subset of mother-infant dyads, 

particularly those enrolled in a dedicated postpartum HBV 

management program, were prospectively invited to provide 

breast milk and infant blood samples for pharmacokinetic 

monitoring. This sub-study was part of an internal quality 

assurance and safety surveillance initiative. For the purposes of 

this retrospective cohort analysis, we analyzed these 

prospectively collected pharmacokinetic data to provide a 

comprehensive safety assessment

2.6 Immune function assays

HBV-specific T cell responses were measured using 9ow 

cytometry to quantify interferon-gamma (IFN-γ)+ and 

interleukin-2 receptor (IL-2R)+ T cells after stimulation with 

hepatitis B core antigen (HBcAg) peptides. These assays were 

performed on maternal and infant blood samples collected at 6 

months postpartum. All infants were tested at 6 months of age, 

excluding those who were HBsAg-positive, and all had 

completed the HBV vaccine series prior to sample collection.

2.7 Statistical analysis

Statistical analyses were conducted to evaluate baseline 

comparability, primary outcomes, and safety endpoints. HBV 

transmission was defined as the presence of HBsAg positivity or 

detectable HBV-DNA (>20 IU/mL) in infant serum at 12 

months of age. Continuous variables, presented as 

mean ± standard deviation (SD) or median (interquartile range, 

IQR), were compared between groups using independent t-tests 

for normally distributed data or Mann–Whitney U tests for 

non-parametric data. Categorical variables, expressed as 

frequencies and percentages, were analyzed via chi-square (χ2) 

tests or Fisher’s exact tests, as appropriate. The primary 

outcome of vertical transmission risk was quantified using 

relative risk (RR) with 95% confidence intervals (CI). 

Longitudinal data, including repeated measures of anti-HBs 

titers and HBV-DNA levels, were analyzed using mixed-effects 

models to account for within-subject correlations over time. 

Adverse events were compared via Log-rank tests was used to 

assess time-to-event differences. All analyses were performed 

using SPSS 26.0 (IBM Corp.) for database management and 

statistical modeling, and GraphPad Prism 9.0 (GraphPad 

Software) for graphical visualization. A two-sided P-value <0.05 

was considered statistically significant.

3 Results

3.1 Baseline characteristics of the study 
cohort

A total of 210 high HBV-DNA load mothers were included in 

this retrospective analysis, with 110 mothers continuing TDF 

postpartum and breastfeeding (TDF-BF group) and 100 mothers 

discontinuing TDF postpartum but breastfeeding (Non-TDF-BF 

group). Baseline demographic, virological, and clinical 

characteristics are summarized in Table 1.

3.2 Transmission and infant HBV serostatus

All infants in both groups received HBIG and the full HBV 

vaccine series, ensuring comparable prophylaxis across groups. 

The TDF-BF Group demonstrated a significantly reduced risk of 

HBV transmission compared to the Non-TDF-BF Group 

(P < 0.05). Additionally, the incidence of HBsAg positivity at 12 

months was also lower in the TDF-BF Group (0.9% vs. 9.0%, 

P = 0.001), representing a 90% reduction in the risk of chronic 

HBV infection. Furthermore, after excluding infants with HBsAg 

positivity, the proportion of infants with protective anti-HBs 

levels (≥100 mIU/mL) was 95.5% (104/109) in the TDF-BF 

group and 88.0% (87/99) in the Non-TDF-BF group (P = 0.046). 

These results underscore the efficacy of TDF-BF in reducing 

HBV vertical transmission and in promoting protective 

immunity in infants (Table 2).

3.3 Infant safety and biochemical outcomes

At 12 months, the TDF-BF group had significantly higher 

serum creatinine levels compared to the Non-TDF-BF group 

(P < 0.05, Figure 1), indicating a potential difference in renal 

function. Additionally, the TDF-BF group exhibited significantly 

lower serum phosphate levels (P < 0.05).

TABLE 1 Baseline characteristics of high HBV-DNA load mothers 
and neonates.

Variable TDF-BF  
group  

(n = 110)

Non-TDF-BF  
group  

(n = 100)

P-value

Maternal Characteristics

Age (years) 29.5 ± 4.2 30.1 ± 3.8 0.24

Gestational age (weeks),  

median (IQR)

39.0 (38.0–40.0) 39.0 (38.0–40.0) 0.87

HBeAg-positive, n (%) 110 (100%) 98 (98%) 0.24

Baseline HBV-DNA  

(log10 IU/mL)

7.8 ± 0.6 7.7 ± 0.5 0.15

ALT (U/L), median (IQR) 25.0 (18.0–33.0) 24.0 (17.0–30.0) 0.32

Neonatal Characteristics

Birth weight (g) 3,250 ± 420 3,180 ± 390 0.18

Male sex, n (%) 58 (52.7%) 51 (51.0%) 0.82
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The assessment of neonatal growth and health outcomes at 12 

months did not reveal any statistically significant differences 

between the TDF-BF and Non-TDF-BF groups (Table 3).

3.4 Maternal outcomes

The maternal outcomes analysis demonstrated that the 

TDF-BF group had a significantly higher rate of HBV-DNA 

suppression below 20 IU/mL at 6 months postpartum 

compared to the Non-TDF-BF group (P < 0.001, Table 4). 

Additionally, normalization of alanine aminotransferase 

(ALT) levels was more common in the TDF-BF group, with 

94.5% of women experiencing normalization (P < 0.05). 

While there was no significant difference in serum 

phosphorus, AST normalization, and adverse events between 

the groups.

The TDF-BF Group demonstrated markedly higher mean 

hemoglobin level and serum creatinine compared to the Non- 

TDF-BF Group (all P < 0.05, Figure 2). Additionally, the platelet 

count and white blood cell count were slightly lower in the 

TDF-BF Group compared to the Non-TDF-BF Group (all 

P < 0.05, Figure 2).

3.5 Long-term follow-up

The three-year follow-up of infants and mothers demonstrated 

that the TDF-BF Group had a significantly higher proportion of 

infants with protective levels of anti-HBs (P < 0.05) and no cases 

of HBsAg seroreversion, compared to the Non-TDF-BF Group. 

Among mothers, the TDF-BF Group experienced a significantly 

lower rate of HBV-DNA rebound (P < 0.05), highlighting the 

effectiveness of TDF-BF in preventing viral recurrence. Adverse 

events related to TDF were infrequent in the TDF-BF Group, 

with no comparative data available for the Non-TDF-BF Group 

(Table 5).

3.6 Breast milk tenofovir concentrations 
and infant exposure assessment

The pharmacokinetic analysis revealed that TDF 

concentrations in breast milk were detectable at 1, 3, and 6 

TABLE 2 HBV transmission and infant immune response.

Outcome TDF-BF 
group 

(n = 110)

Non-TDF- 
BF group 
(n = 100)

RR (95% CI) P-value

HBV vertical  

transmission

1 (0.9%) 8 (8.0%) 0.11 (0.01–0.82) 0.003

HBsAg- 

positive  

at 12 months

1 (0.9%) 9 (9.0%) 0.10 (0.01–0.72) 0.001

Anti-HBs 

≥100 mIU/mL

105 (95.5%) 88 (88.0%) 1.09 (1.01–1.17) 0.046

FIGURE 1 

Neonatal safety profile at 12 months. (A) Serum creatinine (µmol/L); (B) Serum phosphate (mmol/L). ***P < 0.05, TDF-BF Group vs. Non-TDF-BF 

Group.

TABLE 3 Neonatal growth and health outcomes at 12 months in the 
two groups.

Parameter TDF-BF 
group 

(n = 110)

Non-TDF-BF 
group 

(n = 100)

P-value

Bone mineral density 

Z-score

−0.12 ± 0.25 −0.10 ± 0.30 0.60

Linear growth velocity 

(cm/year)

25.3 ± 3.2 24.7 ± 3.5 0.23

Head circumference 

Z-score

0.50 ± 0.65 0.45 ± 0.60 0.37

Number of 

hospitalizations, median 

(IQR)

1 (0–2) 1 (0–3) 0.45

Number of infections, 

median (IQR)

2 (1–3) 2 (1–4) 0.52
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months postpartum in the TDF-BF Group (all P < 0.05). 

Importantly, TDF was not detected in the plasma of infants at 

any of the assessed time points, indicating that the risk of TDF 

exposure through breastfeeding was low (Table 6).

3.7 Maternal-infant immune crosstalk: 
HBV-specific T cell responses

The analysis of HBV-specific T cell responses in maternal- 

infant dyads showed that mothers in the TDF-BF Group had 

significantly higher percentages of IFN-γ+ T and IL-2R+ T cells 

TABLE 4 Maternal virological, biochemical, and adverse events at 6 
months postpartum.

Outcome TDF-BF 
group 

(n = 110)

Non-TDF-BF 
group 

(n = 100)

P-value

HBV-DNA <20 IU/mL 98 (89.1%) 12 (12.0%) <0.001

ALT normalization 

(<40 U/L)

104 (94.5%) 85 (85.0%) 0.002

Serum phosphorus 

(mmol/L), median 

(IQR)

1.05 (0.90–1.20) 1.10 (0.95–1.25) 0.126

AST normalization 

(<35 U/L)

108 (98.2%) 90 (90.0%) 0.051

Incidence of adverse 

events

10 (9.1%) 15 (15.0%) 0.078

FIGURE 2 

Comparative hematological and renal parameters in TDF-BF and Non-TDF-BF groups. (A) White blood cell count (WBC, ×109/L); (B) Platelet count 

(×109/L); (C) Hemoglobin level (g/dL); (D) Serum creatinine (µmol/L). ***P < 0.05, TDF-BF Group vs. Non-TDF-BF Group.

TABLE 5 Three-year outcomes of infants and mothers.

Outcome TDF-BF 
group 

(n = 110)

Non-TDF-BF 
group (n = 100)

P-value

Infants

Anti-HBs 

≥100 mIU/mL

102/110 (92.7%) 75/100 (75.0%) <0.001

HBsAg seroreversion 0 (0%) 2 (2.0%) 0.189

Mothers

HBV-DNA rebound 

(>200 IU/mL)

8 (7.3%) 45 (45.0%) <0.001

TDF-related adverse 

events

5 (4.5%) N/A —
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compared to those in the Non-TDF-BF Group (all P < 0.05). 

Similarly, infants in the TDF-BF Group exhibited higher 

percentages of IFN-γ+ T and IL-2R+ T cells than their 

counterparts in the Non-TDF-BF Group (all P < 0.05). These 

findings suggest that TDF-BF treatment may enhance HBV- 

specific T cell responses in both mothers and infants (Figure 3).

4 Discussion

HBV infection poses a significant public health burden, 

particularly concerning its transmission from mother to child, 

which can lead to chronic hepatitis, cirrhosis, and hepatocellular 

carcinoma (13–16). TDF, an antiviral drug, has been effective in 

reducing viral load and preventing vertical transmission during 

pregnancy (17, 18). However, the safety and efficacy of TDF 

continuation and breastfeeding postpartum, especially in 

mothers with high HBV-DNA loads, remain areas of interest 

and controversy.

The findings from this retrospective cohort analysis provide 

evidence regarding the safety and efficacy of postpartum 

tenofovir continuation and breastfeeding in high HBV-DNA 

load mothers. Crucially, this study benefits from a 5-year data 

span and a three-year follow-up, providing robust evidence on 

long-term maternal and infant outcomes. We acknowledge the 

primary limitation that this was a retrospective study; TDF 

TABLE 6 Tenofovir pharmacokinetics in breast milk and infant plasma.

Matrix Time postpartum TDF-BF group (n = 50) LOD (ng/mL) Infant plasma (n = 50) P-value

Breast milk (ng/mL) 1 month 23.5 ± 5.8 1.0 ND (<1.0) <0.001

3 months 18.2 ± 4.3 1.0 ND (<1.0) <0.001

6 months 12.6 ± 3.1 1.0 ND (<1.0) <0.001

FIGURE 3 

HBV core antigen (HBcAg)-specific IFN-γ production in mothers and infants. (A) Infant IL-2R+ T cells (%); (B) Maternal IFN-γ+ T cells (%); (C) Maternal 

IL-2R+ T cells (%); (D) Infant IFN-γ+ T cells (%). ***P < 0.05, TDF-BF Group vs. Non-TDF-BF Group.
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continuation or discontinuation was based on clinical decisions 

rather than predefined protocols. While propensity score 

matching was used to adjust for baseline differences, potential 

selection bias and unmeasured confounding factors must be 

considered when interpreting these results. Future prospective, 

randomized trials are warranted to confirm these findings.

The observed reduction in HBV transmission in the TDF-BF 

group may be attributed to postpartum TDF continuation, 

which further suppresses maternal viral load during 

breastfeeding, minimizing exposure risk. While baseline MTCT 

risk was comparable between groups after propensity score 

matching, the postpartum period represents a critical window 

where residual viral replication in mothers could contribute to 

transmission. These findings challenge current guidelines 

recommending TDF discontinuation at delivery and suggests 

that continuation may provide additional protection.

The study demonstrated that the TDF-BF Group had a 

significantly reduced risk of vertical HBV transmission, lower 

incidence of HBsAg positivity at 12 months, and higher rates of 

protective anti-HBs levels in infants compared to the Non-TDF- 

BF Group. These results underscore the importance of TDF-BF 

as an effective strategy for preventing HBV transmission and 

promoting infant immunity. The primary outcome of this study 

was the reduction in vertical HBV transmission in the TDF-BF 

Group. The incidence of HBV transmission was remarkably low, 

with only one case reported in the TDF-BF Group, compared to 

eight cases in the Non-TDF-BF Group.

This finding aligns with previous studies that have shown the 

effectiveness of antiviral therapy in reducing HBV transmission 

rates (19–21). The low transmission rate in the TDF-BF Group 

suggests that TDF continuation postpartum, along with 

breastfeeding, is a safe and effective approach for mothers with 

high HBV-DNA loads (22, 23). The reduction in HBsAg 

positivity at 12 months in the TDF-BF Group further supports 

the efficacy of TDF-BF in preventing chronic HBV infection in 

infants. Although the TDF-BF group only had a single event 

(0.9%), which limits the stability of the Relative Risk 

(RR = 0.11), the clinical significance of this strong preventive 

effect (P = 0.003) is profound. The higher proportion of infants 

with protective levels of anti-HBs in the TDF-BF Group, 

although initially borderline statistically significant (P = 0.046) at 

12 months, demonstrated a highly significant and sustained 

benefit at the three-year follow-up (92.7% vs. 75.0%, P < 0.001). 

This long-term finding underscores the durable efficacy of TDF- 

BF in promoting protective immunity against HBV.

The neonatal safety outcomes assessment revealed no 

significant differences in growth parameters, such as bone 

mineral density Z-score, linear growth velocity, and head 

circumference Z-score, revealed no significant differences 

between the TDF-BF and Non-TDF-BF Groups. Regarding 

infant safety, although statistically significant differences in 

serum creatinine and phosphate levels were observed, all values 

remained within normal clinical ranges, and no infants 

developed renal dysfunction. Therefore, routine monitoring of 

renal function in TDF-exposed infants may not be necessary 

unless clinically indicated. The pharmacokinetic analysis of 

breast milk samples from the TDF-BF Group showed detectable 

TDF concentrations (above the limit of detection, LOD = 1.0 ng/ 

mL) at 1, 3, and 6 months postpartum, with a decline over time. 

The absence of TDF in infant plasma (ND, <1.0 ng/mL) 

suggests that the risk of systemic drug exposure through 

breastfeeding is low, which is reassuring for mothers who wish 

to breastfeed while continuing TDF therapy. It is important to 

note that ND simply indicates the concentration was below the 

LOD and does not absolutely rule out trace exposure, but it 

strongly supports the relative safety of breastfeeding. Our 

finding of detectable TDF in breast milk (mean concentrations 

of 23.5 ng/mL at 1 month postpartum) is higher than the 

median concentrations reported by Pak et al. (2024), which 

ranged from 5 to 10 ng/mL. This discrepancy may be due to 

differences in assay sensitivity or maternal dosing regimens. 

However, the absence of TDF in infant plasma in both studies 

supports the overall safety of breastfeeding during TDF therapy. 

The maternal outcomes analysis revealed that the TDF-BF 

Group had a significantly higher rate of HBV-DNA suppression 

below 20 IU/mL at 6 months postpartum (89.1% vs. 12.0%, 

P < 0.001), and normalization of ALT levels (94.5% vs. 85.0%, 

P = 0.002). The extremely high suppression rate in the TDF-BF 

group emphasizes the critical role of TDF continuation for 

effective maternal viral control and liver function recovery. In 

terms of hematological and renal parameter, the TDF-BF Group 

exhibited higher mean hemoglobin and serum creatinine, and 

slightly lower platelet and white blood cell counts (all P < 0.05). 

The higher serum creatinine likely re9ects the systemic effect of 

TDF, though its clinical relevance requires careful assessment. 

The observed differences in blood cell counts are statistically 

significant but generally within clinical reference ranges, and 

their direct causal link to TDF or clinical consequence is 

uncertain. Future studies should track these hematological 

changes more closely. These findings suggest that TDF 

continuation postpartum is effective in maintaining viral 

suppression and improving liver function in mothers. In line 

with our findings, several studies have demonstrated the efficacy 

of TDF continuation postpartum in maintaining viral 

suppression and improving liver function in mothers with 

chronic HBV infection. For instance, a prospective study by 

Aladag et al. found that postpartum continuation of TDF 

therapy in HBeAg-positive women led to sustained viral 

suppression and normalization of ALT levels at 6 months 

postpartum (24). Similarly, a retrospective analysis by Yang 

et al. (2016) reported that TDF continuation after pregnancy 

was associated with effective viral control and improved liver 

function in mothers, aligning with our study’s results (25).

The lack of significant differences in AST normalization and 

the incidence of adverse events (9.1% vs. 15.0%, P = 0.078) 

between the groups indicates that TDF-BF is generally well- 

tolerated by mothers. The three-year follow-up of infants and 

mothers provided additional evidence of the long-term efficacy 

and safety of TDF-BF. Previous studies have demonstrated the 

efficacy of TDF continuation postpartum in maintaining viral 

suppression and improving liver function in mothers with 

chronic HBV infection (26). For instance, a prospective study by 
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Deng et al. found that postpartum continuation of TDF therapy in 

HBeAg-positive women led to sustained viral suppression and 

normalization of ALT levels at 6 months postpartum (27). The 

TDF-BF Group had a significantly higher proportion of infants 

with protective levels of anti-HBs and no cases of HBsAg 

seroreversion, indicating a sustained benefit of TDF-BF in 

preventing HBV infection and promoting immunity. The lower 

rate of HBV-DNA rebound in the TDF-BF Group further 

supports the effectiveness of TDF in preventing viral recurrence.

The pharmacokinetic analysis of breast milk samples from the 

TDF-BF Group showed detectable TDF concentrations at 1, 3, and 

6 months postpartum, with a decline over time. The absence of 

TDF in infant plasma suggests that the risk of TDF exposure 

through breastfeeding is low, which is reassuring for mothers 

who wish to breastfeed while continuing TDF therapy. The 

T cell analysis provides mechanistic insight into the observed 

efficacy. The TDF-BF Group had significantly higher 

percentages of IFN-γ+ T and IL-2R+ T cells compared to the 

Non-TDF-BF Group. Clinically, HBV-specific IFN-γ+ and IL-2R 

+ T cells are markers of a robust cellular immune response 

against HBV. Elevated levels in mothers and infants suggest 

effective viral control and may contribute to the reduced 

transmission observed in the TDF-BF group. While TDF is a 

direct antiviral, not an immune modulator, this finding suggests 

that TDF-BF treatment may enhance HBV-specific immune 

responses in both mothers and infants, which could contribute 

to the observed reduction in vertical HBV transmission and 

improved immune status in infants.

The results of this study have important implications for the 

management of high HBV-DNA load mothers and their infants. 

The evidence suggests that TDF-BF is an effective and safe 

strategy for preventing HBV vertical transmission and 

promoting infant immunity. However, the potential renal effects 

of TDF, as indicated by the differences in serum creatinine and 

phosphate levels, warrant further investigation. Future research 

should focus on the long-term renal and bone health of both 

mothers and infants exposed to TDF-BF. Additionally, studies 

could explore the mechanisms by which TDF-BF enhances 

HBV-specific T cell responses and investigate the potential for 

TDF-BF to in9uence other aspects of neonatal health 

and development.

5 Conclusion

In conclusion, this retrospective cohort analysis demonstrates 

that postpartum continuation of TDF and breastfeeding is an 

effective and safe strategy for high HBV-DNA load mothers. 

Given that Tenofovir was not detected in infant plasma, the 

approach is supported as safe for the neonate. The findings 

support the use of TDF-BF to reduce vertical HBV 

transmission, promote protective immunity in infants, and 

maintain viral suppression in mothers. The study also highlights 

the need for ongoing monitoring of infant and maternal renal 

function, particularly serum creatinine and phosphate levels, in 

TDF-exposed individuals and underscores the importance of 

further research to fully understand the long-term effects of 

TDF-BF.

Data availability statement

The raw data supporting the conclusions of this article will be 

made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Shijiazhuang 

Maternal and Child Health Hospital. The studies were conducted in 

accordance with the local legislation and institutional requirements. 

The ethics committee/institutional review board waived the 

requirement of written informed consent for participation from the 

participants or the participants’ legal guardians/next of kin because 

the study used anonymous and pre-existing data.

Author contributions

DH: Conceptualization, Data curation, Formal analysis, 

Writing – original draft. XG: Data curation, Methodology, 

Writing – review & editing. WW: Conceptualization, Formal 

analysis, Writing – review & editing. JD: Conceptualization, 

Methodology, Writing – original draft. WC: Data curation, 

Methodology, Writing – original draft. HX: Conceptualization, 

Formal analysis, Writing – original draft. YZ: Conceptualization, 

Methodology, Writing – original draft, Writing – review & editing.

Funding

The author(s) declared that financial support was received for 

this work and/or its publication. This work was supported by 

grants from the Hebei Provincial Health Commission (No. 

20201762).

Conflict of interest

The author(s) declared that this work was conducted in the 

absence of any commercial or financial relationships that could 

be construed as a potential con9ict of interest.

Generative AI statement

The author(s) declared that generative AI was not used in the 

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 

article has been generated by Frontiers with the support of 

artificial intelligence and reasonable efforts have been made to 

ensure accuracy, including review by the authors wherever 

possible. If you identify any issues, please contact us.

Han et al.                                                                                                                                                                10.3389/fped.2025.1743985

Frontiers in Pediatrics 08 frontiersin.org

https://doi.org/10.3389/fped.2025.1743985


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.

References

1. Aliasi-Sinai L, Worthington T, Lange M, Kushner T. Maternal-to-child 
transmission of hepatitis B virus and hepatitis delta virus. Clin Liver Dis. (2023) 
27(4):917–35. doi: 10.1016/j.cld.2023.05.007

2. Wu L, Fu G, Xu X, Yi L, Yao T, Wan H, et al. Decreased placental TLR3 is 
associated with hepatitis B virus vaccine responsiveness in infants born to 
HBsAg-positive mothers. Transl Pediatr. (2023) 12(6):1204–12. doi: 10.21037/ 
tp-23-266

3. Polaris Observatory Collaborators. Global prevalence, cascade of care, and 
prophylaxis coverage of hepatitis B in 2022: a modelling study. Lancet 
Gastroenterol Hepatol. (2023) 8(10):879–907. doi: 10.1016/S2468-1253(23)00197-8

4. Lu H, Cao W, Zhang L, Yang L, Bi X, Lin Y, et al. Effects of hepatitis B virus 
infection and strategies for preventing mother-to-child transmission on maternal 
and fetal T-cell immunity. Front Immunol. (2023) 14:1122048. doi: 10.3389/fimmu. 
2023.1122048

5. Samadi Kochaksaraei G, Shaheen AA, Seow CH, Barkema HW, Coffin CS. 
Tenofovir disoproxil fumarate therapy to prevent hepatitis B virus vertical 
transmission-A review of maternal and infant outcomes. Liver Int. (2022) 
42(8):1712–30. doi: 10.1111/liv.15249

6. Chang H-L, Wen W-H, Lee C-N, Chiu Y-E, Liu C-J, Chang M-H, et al. Kinetics 
of hepatitis B surface antigen in pregnant women with and without tenofovir 
disoproxil fumarate. J Viral Hepat. (2022) 29(2):107–14. doi: 10.1111/jvh.13628

7. Han D, Du J, Wang W, Wang C. Evaluation of the efficacy and safety of 
tenofovir disoproxil fumarate in intercepting mother-to-child transmission of 
hepatitis B virus. Acta Med Okayama. (2024) 78(2):107–13. doi: 10.18926/ 
AMO/66913

8. Zeng Q-L, Yu Z-J, Ji F, Li G-M, Zhang G-F, Xu J-H, et al. Tenofovir alafenamide 
to prevent perinatal hepatitis B transmission: a multicenter, prospective, 
observational study. Clin Infect Dis. (2021) 73(9):e3324–32. doi: 10.1093/cid/ciaa1939

9. Nguyen MN, Nguyen TTH, Pham TDH, Khuu VN, Hoang QC, Nguyen VT, 
et al. HBeag testing is better than quantitative HBsAg assay as an alternative to 
HBV DNA assay among HBV-infected pregnant women. J Infect Dev Ctries. 
(2023) 17(10):1489–92. doi: 10.3855/jidc.17516

10. Martinon-Torres F, Wysocki J, Szenborn L, Carmona-Martinez A, Poder A, 
Dagan R, et al. A phase III, multicenter, randomized, double-blind, active 
comparator-controlled study to evaluate the safety, tolerability, and 
immunogenicity of V114 compared with PCV13 in healthy infants (PNEU-PED- 
EU-1). Vaccine. (2023) 41(21):3387–98. doi: 10.1016/j.vaccine.2023.04.036

11. Ning J, Wang J, Zheng H, Peng S, Mao T, Wang L, et al. Solely HBsAg 
intrauterine exposure accelerates HBV clearance by promoting HBs-specific 
immune response in the mouse pups. Emerg Microbes Infect. (2022) 11(1):1356–70. 
doi: 10.1080/22221751.2022.2071172

12. Hoang QC, Nguyen MN, Nguyen TTH, Nguyen MHT, Ha TBN, Nguyen VT, 
et al. Mother-to-child transmission of HBV infection by preventive interventions in 
Southern Vietnam’s hospitals. J Public Health Manag Pract. (2024) 30(2):213–20. 
doi: 10.1097/PHH.0000000000001857

13. Zhao X, Bai X, Xi Y. Intrauterine infection and mother-to-child transmission of 
hepatitis B virus: route and molecular mechanism. Infect Drug Resist. (2022) 
15:1743–51. doi: 10.2147/IDR.S359113

14. Pinon M, Giugliano L, Rocchi F, Cananzi M, Auriti C, Wade B, et al. 
Inadequate hospital practices to prevent mother-to-child transmission of hepatitis 
B virus infection: a European survey. J Pediatr Gastroenterol Nutr. (2023) 
76(6):716–22. doi: 10.1097/MPG.0000000000003765

15. Sintusek P, Wanlapakorn N, Poovorawan Y. Strategies to prevent mother-to- 
child transmission of hepatitis B virus. J Clin Transl Hepatol. (2023) 11(4):967–74. 
doi: 10.14218/JCTH.2022.00332

16. Shimakawa Y, Veillon P, Birguel J, Pivert A, Sauvage V, Guillou-Guillemette 
HL, et al. Residual risk of mother-to-child transmission of hepatitis B virus 
infection despite timely birth-dose vaccination in Cameroon (ANRS 12303): a 
single-centre, longitudinal observational study. Lancet Glob Health. (2022) 10(4): 
e521–9. doi: 10.1016/S2214-109X(22)00026-2

17. Chen H-L, Lee C-N, Chang C-H, Lai M-W, Tsai M-C, Mu S-C, et al. Tenofovir 
alafenamide or tenofovir disoproxil fumarate in pregnancy to prevent HBV 
transmission: maternal ALT trajectory and infant outcomes. Liver Int. (2024) 
44(6):1422–34. doi: 10.1111/liv.15873

18. Zeng QL, Zhou YH, Dong XP, Zhang JY, Li GM, Xu JH, et al. Expected 8-week 
prenatal vs 12-week perinatal tenofovir alafenamide prophylaxis to prevent mother- 
to-child transmission of hepatitis B virus: a multicenter, prospective, open-label, 
randomized controlled trial. Am J Gastroenterol. (2025) 120(5):1045–56. doi: 10. 
14309/ajg.0000000000003122

19. Pan CQ, Dai E, Mo Z, Zhang H, Zheng TQ, Wang Y, et al. Tenofovir and 
hepatitis B virus transmission during pregnancy: a randomized clinical trial. JAMA. 
(2025) 333(5):390–9. doi: 10.1001/jama.2024.22952

20. Hui VWK, Cheung ACS, Yip ACW, Yung CCT, Mok IHY, Lau WYP, et al. A 
pilot integrated model nurse clinic increases the uptake of antiviral treatment for the 
prevention of mother-to-child transmission of HBV. Liver Int. (2024) 
44(10):2583–91. doi: 10.1111/liv.16028

21. Pan CQ, Zhu L, Yu AS, Zhao Y, Zhu B, Dai E. Tenofovir alafenamide versus 
tenofovir disoproxil fumarate for preventing vertical transmission in chronic 
hepatitis B mothers: a systematic review and meta-analysis. Clin Infect Dis. (2024) 
79(4):953–64. doi: 10.1093/cid/ciae288

22. Liu X, Chen C, Jiang D, Cui D, Yan D, Zhou Y, et al. Comparison of HBV-DNA 
and HBeAg as antiviral therapeutic indicators among HBV-infected pregnant 
women: a systematic review and meta-analysis. Ann Palliat Med. (2021) 
10(9):9362–71. doi: 10.21037/apm-21-1560

23. Kushner T, Kaplowitz E, Mei R, Xu C, Acker A, Rosenbluth E, et al. Adherence 
to pregnancy hepatitis B care guidelines in women and infants in the United States 
and evaluation of two interventions to improve care: a multicentre hospital-based 
study. J Viral Hepat. (2021) 28(4):582–91. doi: 10.1111/jvh.13459

24. Aladag H, Aladag M. Is the use of Tenofovir Dipivoxil fumarate effective and 
safe in preventing vertical transmission in pregnant women with chronic HBV 
with high viral load? Eur Rev Med Pharmacol Sci. (2023) 27(5):2091–8. doi: 10. 
26355/eurrev_202303_31580

25. Yang N, Zhou G, Cheng X, He J, Chen Y, Chen C, et al. Distribution evaluation 
of tenofovir in the breast milk of mothers with HBeAg-positive chronic HBV 
infection after treatment with tenofovir alafenamide and tenofovir disoproxil 
fumarate by a sensitive UPLC-MS/MS method. Front Pharmacol. (2021) 12:734760. 
doi: 10.3389/fphar.2021.734760

26. Lee Y-S, Lee HS, Kim JH, Chang SW, Hyun MH, Bak H, et al. Role of tenofovir 
disoproxil fumarate in prevention of perinatal transmission of hepatitis B virus from 
mother to child: a systematic review and meta-analysis. Korean J Intern Med. (2021) 
36(1):76–85. doi: 10.3904/kjim.2018.465

27. Deng H, Liang S, Xu M, Zhuo L, Gao H, Chen K, et al. Clinical efficacy and 
safety in telbivudine- or tenofovir-treated hepatitis B e antigen-positive pregnant 
women. Antivir Ther. (2020) 25(1):33–41. doi: 10.3851/IMP3345

Han et al.                                                                                                                                                                10.3389/fped.2025.1743985

Frontiers in Pediatrics 09 frontiersin.org

https://doi.org/10.1016/j.cld.2023.05.007
https://doi.org/10.21037/tp-23-266
https://doi.org/10.21037/tp-23-266
https://doi.org/10.1016/S2468-1253(23)00197-8
https://doi.org/10.3389/fimmu.2023.1122048
https://doi.org/10.3389/fimmu.2023.1122048
https://doi.org/10.1111/liv.15249
https://doi.org/10.1111/jvh.13628
https://doi.org/10.18926/AMO/66913
https://doi.org/10.18926/AMO/66913
https://doi.org/10.1093/cid/ciaa1939
https://doi.org/10.3855/jidc.17516
https://doi.org/10.1016/j.vaccine.2023.04.036
https://doi.org/10.1080/22221751.2022.2071172
https://doi.org/10.1097/PHH.0000000000001857
https://doi.org/10.2147/IDR.S359113
https://doi.org/10.1097/MPG.0000000000003765
https://doi.org/10.14218/JCTH.2022.00332
https://doi.org/10.1016/S2214-109X(22)00026-2
https://doi.org/10.1111/liv.15873
https://doi.org/10.14309/ajg.0000000000003122
https://doi.org/10.14309/ajg.0000000000003122
https://doi.org/10.1001/jama.2024.22952
https://doi.org/10.1111/liv.16028
https://doi.org/10.1093/cid/ciae288
https://doi.org/10.21037/apm-21-1560
https://doi.org/10.1111/jvh.13459
https://doi.org/10.26355/eurrev_202303_31580
https://doi.org/10.26355/eurrev_202303_31580
https://doi.org/10.3389/fphar.2021.734760
https://doi.org/10.3904/kjim.2018.465
https://doi.org/10.3851/IMP3345
https://doi.org/10.3389/fped.2025.1743985

	Postpartum TDF continuation in high HBV-DNA mothers: safety for breastfeeding and enhanced infant immunity
	Introduction
	Methods
	Study design and population
	Selection criteria
	Retrospective design
	Data collection and extraction
	Pharmacokinetic sub-study
	Immune function assays
	Statistical analysis

	Results
	Baseline characteristics of the study cohort
	Transmission and infant HBV serostatus
	Infant safety and biochemical outcomes
	Maternal outcomes
	Long-term follow-up
	Breast milk tenofovir concentrations and infant exposure assessment
	Maternal-infant immune crosstalk: HBV-specific T cell responses

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


