
V iral hepatitis is caused by a diverse collection of 
hepatotropic viruses,  such as hepatitis B virus 

(HBV) [1].  Currently,  the global prevalence of viral 
hepatitis is about 3.9%,  manifesting as about 290 mil-
lion people infected [1 , 2].  HBV is the most prevalent 
form of viral hepatitis,  and HBV and hepatitis C virus 
are responsible for 96% of all deaths from hepatitis 
[3 , 4].  It is reported that in 2020,  the rate of newly 
reported chronic hepatitis B was almost 12 times higher 
among the Asian/Pacific Islander population than 

among non-Hispanic Caucasians [5].  As the world’s 
most populous country,  China is considered a pivotal 
country in the global elimination of hepatitis B [6].  
There are two major modes of HBV transmission,  peri-
natal transmission (vertical transmission) and horizon-
tal transmission [7].  If expectant mothers are positive 
for the HBV antigen or have very high levels of HBV 
DNA (> 200,000 IU/ml in the blood),  perinatal trans-
mission occurs universally [8].  About two million chil-
dren (less than 5 years) acquire HBV infection through 
vertical transmission [9],  and most of these transmis-
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Vertical transmission of hepatitis B virus (HBV),  especially in Asia,  is a key target in the global elimination of 
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sions occur at or near the time of delivery.  More sig-
nificantly,  the population who acquire chronic HBV 
infection by perinatal transmission is prone to severe 
liver diseases and a poor response to antiviral therapy 
[10].  All this information underlines the importance of 
interrupting perinatal transmission.

Strategies to prevent vertical transmission of HBV 
during pregnancy include maternal screening,  vaccina-
tion against HBV,  immunoglobulin,  and antiviral 
treatment [11].  Maternal screening can identify the 
woman’s hepatitis B phase and determine the possible 
treatment during or after pregnancy [12].  An acceler-
ated hepatitis B vaccination schedule at 0-,  1-,  and 4 
months during pregnancy is safe and effective to pas-
sively transfer maternal antibodies across the placenta to 
newborns,  especially for pregnant women who are at 
high risk for HBV infection [13].  Nevertheless,  up to 
10% of infants are born with HBV infection despite their 
mothers or themselves receiving hepatitis B immune 
globulin (HBIG) and the HBV vaccine.  Furthermore,  
the doses and routes of hepatitis B immunoglobulins 
administration are quite heterogeneous.  Previous 
research concluded the uncertainty of the benefit of 
hepatitis B immunoglobulins in preventing perinatal 
transmission as compared with no intervention [14].  
This makes additional interventions reasonable to 
decrease the transmission rate,  such as antiviral treat-
ment during the pre-birth phase.  Antiviral treatment 
has been recommended in pregnant women with HBV 
DNA levels of more than 2 × 105 IU/mL [15].  One of the 
aims of maternal antiviral therapy is to reduce HBV 
DNA levels,  thereby improving the chances of immu-
noprophylaxis at the time of delivery.  Among these 
antiviral drugs,  telbivudine and lamivudine have a low 
genetic barrier to resistance [16].  Therefore,  tenofovir 
disoproxil fumarate (TDF) becomes a preferred choice 
for HBV-positive mothers due to not only its potent 
antiviral activity but also the high genetic barrier to 
resistance [17].  Of course,  the efficacy and safety of 
TDF in HBV-positive expectant parturients need to be 
evaluated before recommending its use.

The present study was designed to assess the efficacy 
and safety of TDF therapy for pregnant women who 
load high HBV DNA,  to prevent mother-to-infant 
transmission of HBV.

Methods

Target population. This is a placebo-controlled 
and single-blind clinical trial conducted in Shijiazhuang 
Maternity & Child Healthcare Hospital (Fig. 1) in Hebei 
Province of China.  Participants were recruited into this 
study from the files of expectant mothers at our hospital 
from January 2021 to June 2021 according to the follow-
ing inclusion criteria: pregnant women; 20 to 35 years 
of age; singleton pregnancy at 20 to 28 weeks; HBsAg 
and HBeAg-positive,  and HBV DNA ≥ 1.0 × 106 IU/ml;  
an alanine amino transferase (ALT) level of ≤ 30 IU/L at 
first screening; no HIV and/or other kinds of hepatitis 
infection (C,  D,  E); no history of TDF treatment at any 
time; no anti-HBV treatment during the current preg-
nancy; no proteinuria or normoglycemic glycosuria;  
no evidence of a fetal anomaly incompatible with life.  
The gravida was excluded if she had received other 
nucleotide analog treatments previously,  was co-infected 
with other kinds of hepatitis infection,  or took immu-
nosuppressive/cytotoxic/corticosteroid drugs at any 
time during her pregnancy.

Approval was obtained from the ethics committee of 
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Fig. 1　 Flow diagram of this study.



Shijiazhuang Maternity & Child Healthcare Hospital.  
The procedures used in this study adhered to the tenets 
of the Declaration of Helsinki.  Informed consent was 
obtained from all participants in the study.

Study design and treatment regimens. The 
enrolled pregnant women were divided into two groups 
based on the subjects’ willingness to be treated for HBV 
or not and a comprehensive assessment of individual 
patient status by physicians.  Ultimately,  the control 
group included 52 patients and the TDF group had 70.  
The case numbers were different in the two groups 
because of grouping criteria.  Participants were blind to 
treatment,  while the physician in charge was aware of 
the grouping.  The participants were initiated on a pla-
cebo or TDF (manufactured by GSK Plc,  Tianjin,  
China) 300 mg once daily at 28 weeks of gestation 
(+/−5 days).  Both groups received therapy until the day 
of delivery.  All infants were vaccinated with 200 IU of 
HBIG within 6 hours after birth,  and 20 mg of hepatitis 
B vaccine three times: within 12 h after birth,  at 4 
weeks,  and at 24 weeks of age.

Measures. Data on age,  body-mass index (BMI),  
adverse pregnancy (e.g.,  eclampsia,  premature rupture 
of membranes,  and premature delivery),  postpartum 
hemorrhage,  and delivery mode were collected from all 
participants.  The maternal alanine aminotransferase 
(ALT),  total bilirubin (TBIL),  serum creatinine,  and 
blood urea nitrogen were tested before and after treat-
ment.  At delivery,  the infant’s birth status,  birth 
height/weight,  5-minute APGAR scores,  birth defects,  
HBsAg,  HBeAg,  and HBV DNA were documented.  
Serum HBsAb status of infants at 7 months was tested.  
The same laboratory technician who was blinded to 
subject names and grouping conducted the laboratory 
examinations to control for potential bias.

Statistical analysis. Distributions of maternal 

and infantile characteristics were compared using the 
Wilcoxon rank-sum test for continuous variables and 
chi-squared test for categorical or discrete variables.  
The maternal liver function indexes and HBV DNA viral 
load before and after intervention were compared using 
paired t-test.  All p-values were two-sided,  and < 0.05 
was significant.

Results

Participants’ baseline characteristics. Table 1 
summarizes the disposition of the pregnant women 
included in the study.  Fifty-two were assigned to the 
placebo group and 70 to the TDF group.  None of the 
baseline characteristics were significantly different 
between the placebo- and TDF-treated groups,  includ-
ing age,  BMI,  adverse pregnancy,  postpartum hemor-
rhage,  delivery mode,  HBsAg titer,  and HBV DNA 
loading.

Maternal liver function before and after treatment.
The levels of ALT,  TBIL,  serum creatinine,  and blood 
urea nitrogen were obtained before and after treatment 
to assess maternal liver function.  There were no signifi-
cant differences in ALT,  TBIL,  serum creatinine,  or 
blood urea nitrogen levels before medication when 
compared to those just prior to childbirth (the last dose) 
(Fig. 2).  This indicates that TDF had no adverse influ-
ence on liver function during pregnancy.

Maternal serum HBV DNA viral load before and 
after treatment. Dynamic changes in maternal 
serum HBV DNA level are shown in Fig. 3.  The mater-
nal serum HBV DNA level declined significantly after 
treatment in the TDF group (p < 0.001) and became 
lower than that of the placebo-treated group (p < 0.001).

Safety of TDF for infants. Characteristics of the 
70 infants born to the TDF-treated mothers are sum-
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Table 1　 Basic information statistics of pregnant women

item Control group (n=52) Treatment group (n=70) P-value

Age (year) 27.63±3.21 26.68±2.66 0.077
BMI (kg/m2) 22.91±2.30 23.10±2.09 0.617
Adverse pregnancy (n/%) 3/5.77 5/7.14 0.762
Postpartum hemorrhage (n/%) 6/11.54 8/11.43 0.985
Cesarean section (n/%) 12/23.08 20/28.57 0.495
HBsAg titer 3,107.0±291.5 3,234.5±409.3 0.058
HBV DNA (lg IU/ml) 7.96±0.74 7.79±0.37 0.107

All data in the table were presented as mean ± standard deviation or n/%.



marized in Table 2.  Their growth measures at delivery,  
including weight,  height,  head size,  and five-min 
Apgar score,  were similar to those in infants born to 
women without TDF treatment.  Furthermore,  none of 
the newborns in either group had birth defects.  The 
seropositive percentage of HBsAg and HBeAg in infants 
born to the TDF-treated mothers was statistically lower 
than that observed in infants born to the placebo-treated 
mothers (p < 0.01).  There was also a significantly lower 
HBV DNA viral load in infants born to the TDF-treated 

mothers compared to the infants born to placebo- 
treated mothers (p < 0.001).

Efficacy of TDF in mother-to-child transmission.
At 7 months after birth,  94.29% of infants in the TDF 
group had protective HBsAb levels ≥ 10 mIU/ml,  a 
higher percentage than that (86.53%) in the control 
group (p = 0.042,  Table 3).  The difference in the HBV 
infection rate between the TDF-treated (0%) and con-
trol group (11.54%) was statistically significant (p=0.04).

Discussion

Deepening understanding of the failure to prevent 
vertical HBV transmission has suggested that joint 
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Table 2　 Differences in the indicators of infants

Control group (n=52) Treatment group (n=70) P-value

Weight (g) 3,346.51±417.13 3,322.13±396.21 0.743
Height (cm) 49.56±1.56 49.67±1.06 0.656
Head size (cm) 32.73±1.08 33.03±1.08 0.131
Five-min Apgar score 9.77±0.43 9.84±0.37 0.308
Birth deformity 0 0
HBsAg <0.001
Seropositive (n/%) 10/19.23 0/0.00
Seronegative (n/%) 42/80.77 70/100.00
HBeAg 0.001
Seropositive (n%) 8/15.38 0/0.00
Seronegative (n%) 44/84.62 70/100.00
HBV DNA (IU/ml) <0.001
≤1000 42/80.77 70/100.00
>1000 10/19.23 0/0.00

All data in the table were presented as mean ± standard deviation or n/%.
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Fig. 2　 Maternal alanine aminotransferase (ALT),  total bilirubin 
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tested before and after treatment.  There were no significant differ-
ences in these levels between the control group and the TDF-
treatment group at either time point.



mother-newborn immunization may effectively control 
the HBV infection during and after delivery but has no 
blocking effect on intrauterine infection [18 , 19].  
Previous studies have shown that the mother-to-child 
transmission rate of HBeAg-positive pregnant women is 
higher than that of HBeAg-negative pregnant women 
[20 , 21].  Positive HBeAg can be regarded as one of the 
important risk factors for intrauterine infection.  In 
addition,  research shows that a high viral load is another 
important risk factor for mother-to-child transmission 
of HBV [22].  Therefore,  pregnant women who are pos-
itive for HBsAg and HBeAg,  with a high HBV DNA 
viral loads,  have occasion to receive treatment during 
pregnancy to block mother-to-child transmission [23].  
The present study was a single-center,  placebo-control 
clinical study that investigated the influence of TDF 
administration on pregnant women with high HBV 
DNA loads,  as well as the outcomes in their born 
infants,  in safely reducing HBV mother-to-child trans-
mission.  In the present study,  our findings showed no 
vertical transmission by pregnant women receiving 
TDF treatment,  while a vertical transmission rate of 
11.54% occurred in women receiving the placebo.  This 
finding confirmed the role of antiviral agents in the pre-
vention of HBV vertical transmission.

A study has predicted China will achieve the HBV-
elimination target by 2029,  which may even be 
advanced to 2024 by the further addition of tenofovir 
administration to HBeAg-positive pregnancies [24].  In 
general,  HBV DNA > 2,000 IU/ml,  elevated ALT,  and/
or at least moderate histological damage are typical 
indications for treatment [25].  The prevention of verti-
cal transmission in pregnant women with high viremia 
is an additional indication for chemotherapy.  TDF is the 
preferred agent,  not only due to its effective character-
istics but also its general safety even in patients with 

decompensated disease [26].  The initiation of antiviral 
prophylaxis with TDF has been recommended at week 
24-28 of gestation in pregnant women with high HBV 
DNA levels or HBsAg levels [25].  Therefore,  the 70 
expectant mothers assigned to this study’s treatment 
group were initiated on TDF at 28 weeks of gestation.  
HBV DNA levels mostly represented the natural history 
of chronic HBV infection.  Notably,  HBV DNA level 
serum assay is key to the treatment decision and subse-
quent monitoring of patients.  In this study,  all enrolled 
patients achieved virological remission defined as HBV 
DNA < 2,000 IU/ml.  This was in line with a previous 
8-year study,  which showed 99% of HBeAg-negative 
chronic hepatitis B patients achieved virological 
response by treatment with TDF [27].  There is strong 
evidence that TDF therapy significantly improves liver 
function [28].  Here,  we tested the patient’s liver func-
tion markers and found that TDF had no adverse effect 
on liver function.  This supports the findings of a previ-
ous study showing no evidence of liver impairment 
during follow-up of a TDF-treated group [29].

Reproduction studies performed in both animals 
and humans under TDF treatment have revealed no 
evidence of harm to the fetus [30].  In our trial,  no sig-
nificant safety concerns associated with TDF were 
observed in the infants.  Infant growth did not differ 
significantly between TDF and placebo groups.  This is 
consistent with a recent perinatal HBV study showing 
that TDF administration for the prevention of HBV 
mother-to-child transmission had no impact in infants 
on long-term growth [31].  Among the available agents 
for HBV mothers,  TDF is preferred due to a better 
resistance profile and more extensive safety data [25].  It 
has been known that infants born to women with high 
HBV DNA levels are prone to carry disease despite 
HBIG and vaccine blocking measures.  Utilizing TDF 
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Table 3　 Follow-up of two groups of infants infected with HBV

Items Control group (n=52) Treatment group (n=70) P-value

HBsAb staus at 7 months (n/%) 0.042
<10 mIU/ml 7/13.46 4/5.71
10~100 mIU/ml 20/38.46 17/24.29
≥100 mIU/ml 25/48.07 49/70.00
Blocking situation at 7 months (n/%) 0.004
successful 46/88.46 70/100.00
failure 6/11.54 0/0.00

All data in the table were presented as mean ± standard deviation or n/%.



can reduce maternal viremia levels and increase the 
effectiveness of HBIG and vaccination [32].  Our study 
confirmed the potential advantage of TDF in stopping 
HBV transmission at delivery.  The rate of HBV trans-
mission at delivery was 0% in the maternal group 
treated with TDF from gestational week 28,  while it was 
11.54% in the placebo-treated control group.

This study offers important evidence but has several 
limitations.  First,  the number of patients included in 
this research was small.  This was partly the result of 
another limitation,  namely that the patients were 
enrolled from a single hospital.  Another limitation was 
the lack of subgrouping of delivery mode (e.g.,  vaginal 
vs.  elective and non-elective cesarean section).  We also 
regret the lack of collection for invasive testing history,  
such as amniocentesis.

In conclusion,  this trial showed that treatment of 
high HBV-viral-DNA-load pregnant mothers with TDF,  
in addition to the administration of HBIG and vaccine 
to infants,  significantly lowered the mother-to-infant 
HBV transmission rate.

Funding. This research received no specific grant 
from any funding agency in the public,  commercial,  or 
not-for-profit sectors.
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