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Abstract
AIM: To evaluate the safety and efficacy of tenofovir 
monotherapy in pregnant females resistant to lamivudine 
or telbivudine. The effect of tenofovir on the fetus was 
also assessed.

METHODS: The clinical data of 17 females were reviewed 
in this study. Adverse events and pregnancy outcomes 
from January 1, 2011 to June 30, 2013 were evaluated in 
the Department of Gynecology and Obstetrics of Beijing 

Ditan Hospital, Capital Medical University, Beijing, China. 
These pregnant females developed lamivudine (LAM)- 
or telbivudine (LdT)-resistant chronic hepatitis B and 
received tenofovir (TDF) therapy (300 mg/d), and its 
curative effect, maternal and perinatal adverse events, 
fetal growth and development, and neonatal prognosis 
were evaluated.

RESULTS: The median hepatitis B virus (HBV) DNA 
level in the pregnant females with LAM or LdT resistance 
was 5.9 (range, 4.2-7.2) log10 copies/mL before the 
initiation of TDF. Ten of these females had abnormal 
alanine aminotransferase (ALT) levels. The patients 
were treated with TDF for a median of 24 wk (range, 
12-40 wk). Fourteen females (82.4%) had an HBV 
DNA level of < 500 copies/mL at the time of delivery. 
This decrease was statistically significant (P < 0.0001). 
Serum ALT levels were normalized in all subjects with 
an elevated serum ALT level at baseline (P  = 0.0003). 
There were no significant changes in serum creatinine 
and phosphorus levels during TDF treatment. In addition, 
no adverse events related to TDF treatment were 
observed. Seventeen females delivered 17 live infants, 
and all infants had good Apgar scores. The mean birth 
weight was 3226.5 ± 331.7 g, and the mean length at 
birth was 50.4 ± 1.1 cm. The growth and development 
of the infants was normal at birth, and no infants had 
birth defects related to TDF treatment. Eleven infants 
completed HBV vaccination and had no evidence of 
vertical transmission.

CONCLUSION: The use of TDF in pregnant females 
with chronic HBV and LAM or LdT resistance was safe 
and effective.
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Core tip: Tenofovir (TDF) is effective for treating 
chronic hepatitis B virus (HBV) patients with lamivudine 
(LAM) or telbivudine (LdT)-resistance. It is classified 
as category B during pregnancy. There are very few 
reports regarding the safety of TDF treatment in 
pregnant patients with LAM or LdT resistance. The 
present study reports the safety of TDF monotherapy 
in pregnant females with chronic HBV and LAM or LdT 
resistance. This study provides preliminary evidence 
regarding the efficacy and safety of TDF during 
pregnancy. It also sets an example for further studies 
exploring the safety profiles of nucleos(t)ide analogs in 
pregnant females.

Hu YH, Liu M, Yi W, Cao YJ, Cai HD. Tenofovir rescue 
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INTRODUCTION
Hepatitis B virus (HBV) infection is a global health 
problem. Approximately two billion people worldwide 
have a history of or current HBV infection, and 240 
million are chronic HBV carriers. Around one million 
people die annually of sequelae related to HBV infection 
including liver failure, cirrhosis, or primary hepatocellular 
carcinoma[1]. The hepatitis B surface antigen (HBsAg)-
positive rate among fertile females in high epidemic 
areas such as Africa and South Asia is 9.2%-15.5%[2-4]. 
Approximately 30% of HBV-infected females progress to 
chronic hepatitis B (CHB) and require antiviral therapy. 
However, some females become pregnant during 
nucleos(t)ide analog therapy[5,6]. Lamivudine (LAM) 
and telbivudine (LdT) were introduced into China in 
1999 and 2007, respectively. However, some pregnant 
females receiving LAM or LdT[5,6] have developed drug 
resistance. Tenofovir (tenofovir disoproxil fumarate, 
TDF) is effective in the treatment of CHB patients 
with either LAM or LdT-resistance. It is classified 
as a category B drug. However, there are very few 
reports evaluating the safety of TDF treatment during 
pregnancy, particularly since the emergence of LAM 
or LdT resistance. We performed a retrospective study 
assessing the efficacy and safety of TDF rescue therapy 
in pregnant females with chronic CHB after developing 
resistance to LAM or LdT.

MATERIALS AND METHODS
Ethics
Data were collected retrospectively from pregnant 
females at Beijing Ditan Hospital, an affiliate of Capital 
Medical University, from January 2011 to June 2013. 
The Ditan Hospital Ethical Committee approved the 

study protocol (Ethics: Beijing ethics code [2013] 37), 
and each patient signed written informed consent 
before the study began.

Patient tissues
Eligibility criteria were as follows:  (1) pregnant 
females; (2) a diagnosis of CHB was made before 
pregnancy and was treated using either LAM or LdT; (3) 
serum HBV DNA rebound during pregnancy (defined 
as a 10-fold increase from the treatment nadir and a 
serum HBV DNA ≥ 104 copies/mL; and (4) the patient 
accepted treatment with 300 mg/d TDF. The exclusion 
criteria were as follows: (1) patients with human 
immunodeficiency virus (HIV), hepatitis C (HCV), 
hepatitis D virus (HDV), syphilis, toxoplasmosis, herpes 
virus, rubella virus, or cytomegalovirus infection; (2) 
duration of TDF treatment < 12 wk during pregnancy 
(beginning treatment after 28 wk of pregnancy); and 
(3) the use of other antiviral agents.

All participants were screened every 12 wk during 
pregnancy using biochemical testing and HBV DNA 
determination. Adverse events, neonatal abnormities, 
and the vertical transmission of HBV were recorded. 
All infants received passive-active immunoprophylaxis 
with 200 IU hepatitis B immunoglobulin (HBIG) and 
three doses of 10 μg hepatitis B vaccine (at 0, 1, and 6 
mo), according to the guidelines for the prevention and 
treatment of CHB[7]. HBV serology was measured 1 mo 
after completion of HBV vaccination. All infants also 
underwent a physical examination, hearing screening, 
and testing for congenital phenylketonuria and hypo
thyroidism at birth. Infants were also observed to 
identify any effects on their growth rate.

Laboratory testing
Biochemical tests and HBV serology were performed 
in the clinical laboratory of our hospital. HBV DNA was 
detected using an HBV real-time PCR amplification kit 
(Kehua Biological Company, Shanghai, China), which 
can detect as few as 500 HBV DNA copies/mL (< 2.7 
log10 copies/mL). HBV markers were detected using 
enzyme-linked immunosorbent assay kits (Abbot Labs, 
North Chicago, IL, United States) and an ARCHITECT 
i2000 automatic immunoassay analyzer (Abbott), 
according to the manufacturer’s instructions. An HBV 
surface antigen level < 0.05 IU/mL, HBV e antigen 
levels < 1.0 signal/cutoff (S/CO), antibodies against 
HBV surface antigen < 10 mIU/mL, HBV e antibody 
level > 1 S/CO, and an HBV core antibody level > 
1 S/CO were considered negative results. Blood 
biochemistry parameters were determined using a 
Hitachi 7600-020 automatic biochemical analyzer. 
The normal range of alanine aminotransferase (ALT) 
was 0-40 U/L of serum. The normal range of crea
tinine in females was 45-84 μmol/L. Serum inor
ganic phosphorus levels were determined using the 
molybdate direct method; the normal range was 
0.81-1.45 mmol/L.
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Hearing screening was performed using ECHO-
SCREEN from the Madsen Company (Denmark). Heel 
blood was taken from the infants after 72 h of brea
stfeeding. A dried spot of blood on filter paper was 
then sent to the Beijing Neonatal Disease Screening 
Center to rule out congenital phenylketonuria and 
hypothyroidism.

Statistical analysis
Categorical variables are summarized as numbers 
or percentages. Continuous variables are presented 
as mean (± standard deviation) or median (range). 
HBV DNA levels were logarithmically transformed 
for analysis. Student’s t-tests were used to compare 
normally distributed continuous variables. A rank-sum 
test was used to compare variables without normal 
distribution. χ 2 tests were used to compare the HBV 
DNA negative conversion rate and the recovery rate 
of ALT before and after treatment. Stata 10 software 
(Stata, Computer Resource Center, United States) was 
used for statistical analyses. A value of P < 0.05 was 
considered statistically significant.

RESULTS
Maternal characteristics
Seventeen pregnant females with LAM or LdT resis
tance were enrolled between January 2011 and June 
2013. One hundred and twenty-eight females became 
pregnant during LAM treatment. Of these, 17 (13.3%) 
developed drug resistance during pregnancy. Eight 
pregnant females were switched to treatment with 300 
mg/d TDF. Six of these were included in the study, and 
two were excluded (one because of serum HBV DNA 

levels < 4 log10, and the other because of treatment 
with TDF for < 12 wk during pregnancy. One hundred 
and twenty-four females became pregnant during 
LdT treatment. Of these, 12 (9.7%) developed drug 
resistance during pregnancy. Eleven females were 
switched to treatment with 300 mg/d TDF, and all of 
these met the inclusion criteria. The characteristics of 
the patients at baseline and at delivery are shown in 
Table 1.

The median maternal age was 30.6 years (range, 
23-45 years). All females were of Chinese ethnicity. 
Sixteen were primiparous, and one was multiparous. 
All patients had CHB. One individual had compensat
ed cirrhosis and was started on nucleotide analog 
treatment before pregnancy. One female was HBeAg-
negative, and 16 were HBeAg-positive. One husband 
was HBsAg positive, 15 were negative, and the status 
of one was unknown.

Five pregnant females developed resistance to LAM 
or LdT before pregnancy. In addition, the HBV DNA 
levels rebounded between the 8th and 24th gestational 
weeks in 12 patients. The patients were diagnosed 
with resistance to LAM or LdT after excluding poor 
compliance with treatment. TDF was started at the 
median gestational age (GA) of 15 wk (range, 0-28 
wk). The median duration of TDF treatment before 
delivery was 24.4 wk (range, 12-40 wk).

Maternal outcomes
The median HBV DNA level before the initiation of TDF 
was 5.9 log10 copies/mL (range, 4.2-7.2 log10 copies/
mL). Ten of the 17 females had abnormal ALT levels; 
of these, levels were elevated to > 5-times the upper 
limit of normal (ULN) in three. One of these patients 
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Table 1  Characteristics of 17 pregnant women with chronic hepatitis B treated with tenofovir 

ID
No.

Age
(yr)

Pregestational
anti-HBV treatment

GW 
starting 

TDF

Pre-TDF studies Duration 
of TDF 
before 
delivery

(wk)

Studies performed at delivery

ALT
(U/L)

HBV DNA
(log10 

copies/mL)

Cr
(μmol/L)

Pho
(mmol/L)

ALT
(U/L)

HBVi DNA
(log10 

copies/mL)

Cr
(μmol/L)

Phok

(mmol/L)

1 32 LAM 26     66.4 7.2 39.0 1.28 12 10.8     2.9 49.0 1.19
2 37 LAM 20     28.9 4.4 62.8 1.08 20 19.8 < 2.7 64.3 1.10
3 31 ETV→LAM 24     39.1 5.1 60.4 1.12 14 25.8 < 2.7 57.7 1.00
4 30 LAM→ADVc + LAM   5     35.5 4.2 47.6 1.24 35 28.0 < 2.7 54.8 0.94
5 31 LAM→ADV→LAM   0     97.4 6.4 45.3 1.03 40 15.5 < 2.7 60.5 1.19
6 28 ADV→ADV + LAM→LAM 16     15.4 5.9 40.0 1.35 24 10.9 < 2.7 47.7 1.10
7 31 LdT 22     51.6 5.6 50.4 1.21 17 21.1 < 2.7 49.9 0.96
8 30 LdT 12     40.1 5.4 64.8 1.20 28 12.5 < 2.7 60.7 0.92
9 32 LdT 10   170.2 6.3 37.0 0.97 28   8.8 < 2.7 40.0 0.73
10 30 LdT   0     22.4 5.7 57.5 1.11 39 19.4 < 2.7 55.2 1.35
11 31 LdT 16     42.0 6.1 44.3 1.10 24 28.4 < 2.7 48.9 1.32
12 25 INF→LdT   8   131.0 5.6 69.2 1.23 32 20.0 < 2.7 51.0 0.95
13 28 LAM→LdT 20     264.21 6.1 52.7 0.83 19 23.7 < 2.7 47.0 0.95
14 28 LAM→LdT 28     15.8 6.4 43.3 1.16 12 15.5     3.0 46.8 0.98
15 29 ADV→LAM→LdT 27     15.8 5.3 73.3 1.02 12 30.0     3.8 51.6 0.90
16 33 LdT→ETV + ADV→LdT   5   213.0 6.6 56.4 0.99 35 24.0 < 2.7 46.9 1.28
17 34 LAM→ADV + LAM→LdT 16 1701.6 6.9 42.7 0.96 23 16.1 < 2.7 56.3 0.87

LAM: Lamivudine; ETV: Entecavir; ADV: Adefovir; LdT: Telbivudine; INF: Interferon; TDF: Tenofovir; GW: Gestational week; ALT: Alanine 
aminotransferase; HBV: Hepatitis B virus; Cr: Creatinine; Pho: Serum phosphorus.
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globally. Although there are some effective antiviral 
drugs, most patients require long-term treatment. 
Some females may become pregnant during tre
atment[8-10]. TDF is a fumaric acid salt form of the 
bis-isopropoxycarbonyloxymethyl ester derivative of 
tenofovir. TDF has been available in the United States 
for the treatment of HIV since 2001, and was approved 
for the treatment of chronic HBV in 2008[11]. Although 
TDF is an FDA category B drug, it was recommended 
by the European Association for the Study of the 
Liver for use during pregnancy when the benefits 
outweigh the risks[12]. A large number of patients have 
taken or are taking LAM or LdT, which are commonly 
associated with development of resistance[5,6]. In the 
current study, 13.3% of females treated with LAM and 
9.7% of those treated with LdT developed resistance. 
Resistance is generally associated with an increase in 
serum HBV DNA levels. Resistance is often defined as 
a 10-fold increase in HBV DNA levels compared with 
the treatment nadir. Viral rebound often coincides with 
an increase in serum ALT levels. In some cases there 
is also a marked increase in aminotransferases and 
a hepatitis flare (aminotransferase > 5 times ULN) 
with hepatic decompensation[13,14]. The deterioration 
of liver function in pregnant females can affect the 
health of the mother and fetus[15]. In the current 
study, abnormal ALT levels were found in 10 (58.8%) 
patients, three of who had a hepatitis flare. One 
patient was hospitalized with an ALT level of 1701.6 
U/L. The development of resistance, even in pregnant 
females, should be treated[14,16]. Rescue therapy after 
the development of LAM or LdT resistance usually 
consists of the addition of either adefovir (ADV) or 
TDF, or switching to TDF[7,17-19]. ADV is classified as 
a category C drug, and so is not recommended for 
use during pregnancy. As such, switching to TDF 
is the preferred option during pregnancy after the 
development of LAM or LdT resistance. However, 
there are few data available regarding the use of TDF 
monotherapy in this patient population.

Pharmacokinetic studies have shown that the 
clearance of TDF was significantly higher during 
pregnancy. Pregnant females had a 39% higher 
apparent clearance than non-pregnant females[20]. 
Peaks, troughs, and the area under the curve (AUC 
0-24 h) of TDF were significantly lower during the third 
trimester compared with postpartum. The magnitude 
of the decrease in the AUC in pregnancy was only 
about 15% overall[21]. A previous study reported that 
the pharmacokinetic exposure to TDF during the 
third trimester of pregnancy was about 25% lower 
than postpartum, including AUC0-24 h, maximum 
concentration (Cmax), and 24 h concentration (C24h)[22]. 
Although TDF exposure is lower during pregnancy, 
standard dosing results in sufficient exposure for most 
females, and a dose modification during pregnancy is 
not recommended. Based on these findings, Benaboud 
suggested that an increase in the TDF dose should be 

was hospitalized with an ALT level of 1701.6 U/L. 
Fourteen females (82.4%) had HBV DNA levels < 500 
copies/mL at delivery. The proportion of subjects with 
undetectable HBV DNA levels was significantly higher 
after TDF treatment compared with before treatment 
(P < 0.0001). Serum ALT levels also normalized in all 
patients after TDF treatment (P = 0.0003). However, 
no significant changes in creatinine levels or serum 
phosphorus levels were seen after TDF treatment (t 
= 0.0385, P = 0.9698 and t = 1.3738, P = 0.1884, 
respectively).

The median GA at delivery was 39.4 wk (range, 
38-40 wk). Eleven females had a caesarian section, 
and six underwent vaginal delivery. All adverse events 
during pregnancy and after delivery were recorded. 
One patient developed acute abdominal pain after 16 
wk of pregnancy, and was diagnosed with a kidney 
stone; the symptoms were relieved after treatment. 
The same individual suffered from hypertension after 
38 wk of pregnancy, but her blood pressure returned 
to normal after delivery. One female was diagnosed 
with pregnancy-induced hypertension syndrome after 
34 wk of pregnancy; the hypertension resolved after 
cesarean section delivery during the 38th week of 
pregnancy. One patient developed diabetes, which 
was well managed by diet. One female developed 
postpartum hemorrhage and another exhibited third 
degree meconium staining of the amniotic fluid. These 
events did not appear to be associated with TDF 
treatment. During TDF treatment, no individuals had 
a spontaneous abortion, abnormal fetal growth, or 
premature delivery. No adverse events related to TDF 
treatment were observed.

Infant characteristics and outcomes
Seventeen females delivered 17 live infants: eight boys 
and nine girls. All infants had good Apgar scores. Their 
mean birth weight was 3226.5 ± 331.7 g, and their 
mean length at birth was 50.4 ± 1.1 cm. No infants 
had abnormal hearing, congenital phenylketonuria, or 
hypothyroidism. Fourteen infants were followed for > 
3 mo, and 7 were followed for > 1 year. One female 
infant had congenital dislocation of the right knee, 
which was not thought to be related to TDF treatment; 
she was treated with manipulative reduction of the 
knee at 1 mo. She had normal limb development and 
movement 4 mo after birth. One male infant had a 
patent foramen ovale, which closed spontaneously 
after six months. All infants exhibited normal growth 
and development. Sixteen children were fed formula, 
and one was fed formula plus breast milk. Twelve 
infants received all three doses of the HBV vaccination. 
All infants were tested for serum HBV markers, and all 
were HBsAg negative.

DISCUSSION
HBV is one of the most common infectious diseases 
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considered for females during the second and third 
trimester[20]. However, it was argued that the lower 
pharmacokinetic exposure during pregnancy was 
not associated with virological failure, and did not 
result in mother-to-child transmission[22]; therefore, it 
was not necessary to change the dose of TDF during 
pregnancy[21]. In the current study, TDF monotherapy 
using standard dosing (300 mg/d) was associated with 
effective treatment. Specifically, 82.4% of pregnant 
females achieved a complete virological response 
after a median of 24 wk (range, 12-40 wk) of TDF 
treatment. All individuals had undetectable serum 
HBV DNA levels and normal liver function test results. 
As such, these findings did not support the use of an 
increased dose of TDF during pregnancy.

Vertical transmission is believed to be correlated 
with the mother’s serum HBV DNA levels[23-25]. The 
serum HBV DNA levels of females typically rebound 
with the development of LAM or LdT resistance. TDF 
can effectively suppress HBV replication and reduce 
HBV DNA to low or undetectable levels before delivery, 
thereby reducing the risk of intra-uterine and perinatal 
transmission of HBV when combined with passive and 
active immunization using HBIG and HBV vaccination 
in newborn infants[26-28]. Eleven infants treated in the 
current study completed the entire course of HBV 
vaccination, and all were negative for HBV serum 
markers. Therefore, TDF effectively reduced the risk of 
vertical transmission in pregnant females with LAM or 
LdT resistance.

TDF is an FDA category B drug[19]. Reproductive 
studies have been performed in rats and rabbits using 
doses 14-19 times higher than that used in humans, 
with no evidence of impaired fertility or harm to the 
fetus[29]. There were also no effects on fertility, mating 
performance, or early embryonic development when 
TDF was administered to male rats (600 mg/kg per 
day; equivalent to 10 times the human dose based 
on body surface area) for 28 d before mating, or 
to female rats for 15 d before mating until day 7 of 
gestation. However, there was an alteration of the 
estrous cycle in female rats administered 600 mg/
kg/day[29]. TDF pharmacokinetic studies have shown 
that TDF has good placental transfer (about 60% of 
the total dose)[30]. The median cord blood to maternal 
plasma concentration ratio is about 1, and ranges from 
0.6-1.7[21]. Studies assessing HIV infection in pregnant 
females have shown that fetal exposure to TDF is 
good. The exposure to TDF during pregnancy does 
not impair growth patterns and bone health, and does 
not increase the risk of premature or low birth weight 
infants[30-32]. The current study revealed no significant 
changes in serum creatinine and phosphorus levels 
during TDF treatment. All adverse events were com
mon complications of pregnancy, and no adverse 
events appeared to be related to TDF treatment. No 
spontaneous abortions or altered fetal growth were 
observed. None of the infants evaluated were born 
prematurely or had a low birth weight. One baby girl 

had a congenital dislocation of the knee, but this was 
thought to be unrelated to TDF treatment[33]. One baby 
had a patent foramen ovale that closed spontaneously 
by six months after birth; this was not a birth defect, 
as defined by the Antiretroviral Pregnancy Registry 
Steering Committee[34]. Therefore, we concluded that 
TDF treatment was safe for pregnant mothers and 
their fetuses.

The use of TDF in pregnant females with chronic 
HBV infection and LAM or LdT resistance was safe and 
effective. Nevertheless, larger studies are needed with 
longer follow-up to confirm these findings.
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