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Abstract
Objectives: To investigate whether women infected with the hepatitis B virus affects the outcomes of
assisted reproductive technology (ART).

Methods A total of 1542 HBV infected women, and the same number of non-infected age-matched
women undergoing fresh ART treatments. All male partners were without any history of HBV infection.
Three groups were de�ned: HBV-positive, HBeAg/preS1-positive, and HBV-negative. Pregnancy outcomes
were evaluated and compared using multivariate logistic regression analysis to control for confounding
factors.

Results: No difference was observed in the live birth rate among couples according to HBV status; that is,
women were HBsAg- or HBeAg/preS1-seropositive, or both partners were HBsAg-seronegative (35.29%,
32.79%, and 34.27%, respectively; P < 0.05). After multivariate modeling to adjust for the possible
confounding variables, the live birth rate still did not differ signi�cantly between the HBV-positive group or
the HBeAg/preS1-positive group and the HBV-negative group (adjusted OR 1.11, 95% CI 0.93−1.32 and
adjusted OR 1.02, 95% CI 0.83−1.25, respectively). Furthermore, no differences were found in clinical
pregnancy rate, miscarriage rate, birth weight, low birth weight rate, preterm rate or ovarian responses
among the three groups. The incidence of secondary infertility and tubal factor infertility in women who
were HBsAg- or HBeAg/preS1-seropositive was signi�cantly higher than that in women without HBV
infection.

Conclusions: HBV infection in women was associated with a higher risk of secondary infertility and tubal
factor infertility, but has no signi�cant impact on pregnancy outcomes and ovarian responses in HBsAg-
seropositive women as compared with HBsAg-seronegative women, irrespective of their serum HBeAg
and preS1 status.

Introduction
Hepatitis B virus (HBV) infection remains a serious global public health problem despite effective HBV
vaccines having been available for several decades [1]. According to the most recent World Health
Organization (WHO) estimation, approximately 257 million individuals are living with chronic hepatitis B
infection; adults chronically infected include 65 million women of childbearing age [2]. China, in
particular, is one of the highest endemic areas for HBV infection, with one-third of chronic HBV carriers
being Chinese [3]. Since a spontaneous pregnancy in patients with HBV infection is accepted, there is no
reason to advise against in vitro fertilization (IVF) treatment in chronic HBV carriers [4]. Although
standard screening of couples seeking IVF includes testing for HBV infection by serological analysis of
hepatitis B surface antigen (HBsAg), HBV infection in either partner is not a contraindication for IVF
treatment [5].

Chronic HBV infection is associated with progressive, signi�cant impairment of the immune response
and enhancement of immune tolerance [6]. Patients with HBV infection have a higher incidence of
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infertility than those who are not infected [7]. Previous studies have revealed that men with chronic HBV
infection have impaired sperm quality [8, 9], which results in a reduced fertilization rate [8–10]. HBV DNA
has been identi�ed in the oocytes and embryos of HBsAg-positive women [11, 12]. However, only a few
studies, with inconsistent results, have evaluated the effect of chronic HBV infection in women on the
outcomes of assisted reproductive treatment [10, 13, 14] or pregnancy [15–17].

The effect of HBV on the outcomes of IVF or intracytoplasmic sperm injection (ICSI) remains
controversial. The objective of the present case-controlled retrospective study was to assess the impact
of hepatitis B virus infection in women on the outcomes of couples undergoing assisted reproductive
technology (ART).

Materials And Methods
This was a retrospective cohort study of IVF/ICSI and embryo transfer (ET) cycles performed in couples
at the assisted reproductive unit of the Women’s Hospital, Zhejiang University School of Medicine from
2009 to 2015. The present study was approved by the Ethics Committee of the Women’s Hospital,
Zhejiang University School of Medicine (Approval number: IRB-20190039-R). Serological screening for
hepatitis B is performed as part of the routine evaluation of couples undergoing ART in China and
includes the following tests: HBsAg and its antibodies (anti-HBs); hepatitis B e-antigen (HBeAg) and its
antibodies (anti-HBe); and antibodies against the hepatitis B c-antigen (anti-HBc). If the HBsAg was
seropositive, preS1 was further examined at our center. HBeAg [18, 19] and preS1 [20, 21] are serum
markers of active HBV replication, indicating a high HBV DNA load. To evaluate whether the status of
viral replication affected the IVF/ICSI outcomes, we compared the outcomes of HBeAg/preS1-
seropositive women with those of the controls. For each HBsAg-seropositive cycle, one HBV-seronegative
control cycle was randomly age matched (Fig. 1). All male partners either lacked any history of HBV
infection or had been vaccinated. Based on hepatitis laboratory test results, the patients were categorized
into the following three groups:

i. HBV-positive group: women were HBsAg-seropositive, irrespective of the serum status of HBeAg and
preS1.

ii. HBeAg/preS1-positive group: women were HBsAg-seropositive and HBeAg- and/or preS1-
seropositive.

iii. HBV-negative group: women were without any history of HBV infection or had been vaccinated.

None of the patients were diagnosed with acute hepatitis or received any antiviral treatment for fertility.
The HBsAg-seropositive women had chronic infection with normal liver enzyme levels. Women
undergoing IVF for preimplantation genetic diagnosis; a history of recurrent spontaneous abortion;
diabetes mellitus; an autoimmune disease; congenital defects (related to the reproductive organs); long-
term drug use and/or toxin or radiation exposure; cigarette, alcohol or caffeine consumption; and any
couples who were seropositive for hepatitis C virus (HCV) and/or human immunode�ciency virus (HIV)
were excluded from the present study.
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The IVF/ICSI treatment information retrieved from the database included the following data: age; body
mass index (BMI); HBV serostatus; type of infertility (primary or secondary); cause(s) of infertility
categorized into tubal, anovulation, polycystic ovarian syndrome, endometriosis, male, unexplained and
mixed factors; ovarian reserve assessment (basic FSH); number of previous cycles; and outcomes derived
from controlled ovarian stimulation, including the duration and total dose of gonadotropin treatment,
peak estradiol (E2) level, number of oocytes retrieved, number of fertilized oocytes, number of embryos
transferred, pregnancy rate, live birth rate, birth weight and gestational age.

Treatment protocols
All eligible participants underwent IVF/ICSI ET using 1 of 4 conventional protocols: long, short,
antagonist, and ultra-long protocol, which have been previously described [22, 23]. Selection of the
stimulation protocol was based on patient characteristics or response during previous cycles. Oocyte
retrieval was carried out 34 − 36 hours after hCG injection. Insemination was performed using standard
IVF or ICSI procedures according to treatment indications. ET was performed 2 or 3 days after
fertilization. One to three of the best embryos were selected for transfer according to the Code of Practice
for Assisted Reproductive Technology developed by the Ministry of Health of the People’s Republic of
China. Cleavage embryos were de�ned as good quality (grade I or II) [24]. Supernumerary embryos were
frozen for subsequent transfer. Luteal support involved 60 mg intramuscular progesterone in oil
administered from the day of oocyte retrieval to the 8th week of pregnancy. All fresh embryos were
cryopreserved if the patient had an increased risk of ovarian hyperstimulation, �uid in the cavity,
unfavorable endometrium, hydrosalpinx or fever. ET was cancelled when no embryo was available.

Outcome measures
The primary outcome variables were the pregnancy outcomes of ART, including the live birth rate (the
birth of at least one living child beyond 28 weeks of gestation per ET cycle); implantation rate (number of
gestational sacs per number of embryos transferred); clinical pregnancy (at least one gestational sac
detected by ultrasound 5 weeks after the ET); miscarriage (clinical intrauterine gestation resulting in
pregnancy loss or abortion < 28 weeks); low birth weight (a weight of less than 2,500 g at birth); and
preterm birth (delivery between 28 and 37 completed weeks of gestation). Gestational age was calculated
based on the date of ET. Secondary outcomes were the number of oocytes retrieved and the two-
pronuclear fertilization rate (number of con�rmed two-pronuclear zygotes per number of oocytes
retrieved).

Statistical analysis
Baseline and cycle characteristics were analyzed by ANOVA and Pearson’s chi-square test as appropriate.
Data are presented as a percentage or the mean ± standard deviation. Pregnancy outcomes were
compared using multivariate logistic regression analysis adjusted for confounding factors, including the
type of infertility, causes of infertility, basic E2 level, peak E2 level, and HBV infection status. Two-sided P
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values of < 0.05 were considered as statistically signi�cant. SPSS version 18 (IBM SPSS, USA) was used
for data analysis.

Results
The data analysis included 3,084 women: 1,542 were HBsAg-seropositive, 970 of which were seropositive
for HBsAg and HBeAg/preS1, and the other 1,542 were age-matched women with no history of HBV
infection (Fig. 1).

Comparison of baseline characteristics
Patient and cycle characteristics in the HBV-seropositive, HBeAg/preS1-seropositive and HBV-
seronegative groups are shown in Table 1. The age of the women and their husbands, BMI, and duration
of infertility were similar among the three groups. The HBV- and HBeAg/preS1-positive groups had similar
basic FSH levels, which were much higher than those in the HBV-negative group. Women who were HBV-
or HBeAg/preS1-seropositive were more likely to have secondary infertility and tubal factor infertility than
those in the control group (59.66%, 58.76%, and 53.44%, respectively, P < 0.01 and 57.26%, 57.01%, and
52.14%, respectively, P < 0.01). HBV- and HBeAg/preS1-positive groups had lower incidences of
endometriosis (P < 0.01) and unexplained infertility (P < 0.01) as compared with the control group.
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Table 1
Baseline characteristics of infertility patients according to the hepatitis B virus status of

the women
Group HBV-positive

(n = 1542)

HBeAg/preS1-positive

(n = 970)

HBV-negative

(n = 1542)

Female age (years) 31.7 ± 4.6 31.4 ± 4.6 31.7 ± 4.5

Male age (years) 33.6 ± 5.3 33.5 ± 5.4 33.5 ± 5.4

Duration of infertility (years) 4.5 ± 3.4 4.3 ± 3.3 3.4 ± 3.2

Basic FSH level (IU/L) 7.0 ± 2.2b 7.0 ± 2.3b 6.7 ± 2.1

BMI (kg/m2) 22.1 ± 2.9 22.3 ± 3.0 22.0 ± 2.9

Type of infertility      

Primary infertility 40.3%b

(622/1542)

41.2%b

(400/970)

46.6%

(718/1542)

Secondary infertility 59.7%

(920/1542)

58.8%

(570/970)

53.4%

(824/1542)

Causes of infertility      

Tubal 57.3%b

(883/1542)

57.0%c

(553/970)

52.1%

(804/1542)

Endometriosis 5.4% b

(84/1542)

5.5% b

(53/970)

8. 6%

(132/1542)

Anovulation/

PCOS

2.0% b

(31/1542)

2.0% c

(19/970)

3.2%

(50/1542)

Male 14.5%

(224/1542)

13.3%

(129/970)

14.4%

(222/1542)

Abbreviations: BMI, body mass index; PCOS, polycystic ovarian syndrome.

a Data are presented as the mean ± SD or a percentage.

b P < .01, compared with HBV-negative group.

c P < .05, compared with HBV-negative group.
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Group HBV-positive

(n = 1542)

HBeAg/preS1-positive

(n = 970)

HBV-negative

(n = 1542)

Unexplained 5.3% b

(81/1542)

6.1%

(59/970)

8.2%

(126/1542)

Mixed 15.5%

(239/1542)

16.2%

(157/970)

13.5%

(208/1542)

Abbreviations: BMI, body mass index; PCOS, polycystic ovarian syndrome.

a Data are presented as the mean ± SD or a percentage.

b P < .01, compared with HBV-negative group.

c P < .05, compared with HBV-negative group.

 

Outcomes of IVF/ICSI treatments
The characteristics of the IVF cycles are displayed in Table 2. The peak E2 levels in the HBV- and
HBeAg/preS1-positive groups were signi�cantly higher than those in the HBV-negative group (P < 0.05).
However, the ovarian responses, such as the dosage of gonadotropin used, duration of stimulation,
number of oocytes retrieved, number of fertilized oocytes, cancellation rate, and number of embryos
transferred per cycle, were similar among the three groups (P > 0.05).



Page 9/16

Table 2
Cycle characteristics of infertility patients according to the hepatitis B virus status of the women

Group HBV-positive

(n = 1542)

HBeAg/preS1-
positive

(n = 970)

HBV-negative

(n = 1542)

Previous cycles 1.2 ± 0.5 1.2 ± 0.5 1.2 ± 0.5

Protocol of COH      

Long protocol 68.1%
(1050/1542)

66.1%(641/970) 69.6%
(1074/1542)

Short protocol 13.0%(201/1542) 13.9%(135/970) 11.7%(180/1542)

Antagonist protocol 11.0%(169/1542) 11.6%(113/970) 9.7%(150/1542)

Ultra-long protocol 7.9%(122/1542) 8.4%(81/970) 8.9%(138/1542)

Dosage of Gn used (IU) 2309.9 ± 787.2 2294.0 ± 787.2 2320.0 ± 827.7

Duration of stimulation (d) 10.1 ± 2.2 10.1 ± 2.1 10.3 ± 2.1

Peak E2 level (pmol/L) 14143.3 ± 249.3b 14774.4 ± 332.5c 13332.5 ± 235.6

Oocyte retrieval 99.8%
(1539/1542)

99.9%(969/970) 99.9%
(1540/1542)

Number of oocytes retrieved 11.6 ± 6.8 11.8 ± 6.9 11.7 ± 6.8

Insemination method      

IVF 73.7%
(1134/1539)

74.3%(720/969) 75.0%
(1155/1540)

ICSI 26.3%(405/1539) 25.7%(249/969) 25.0%(385/1540)

IVF fertilization rate 72.0% 71.8% 72.2%

ICSI fertilization rate 70.0% 67.6% 69.0%

Number of 2PN fertilized oocytes 7.1 ± 5.0 7.2 ± 5.15 7.2 ± 5.1

No oocyte pick-up or embryo
transfer

6.2%(96/1542) 6.7%(65/970) 5.4%(84/1542)

Abbreviations: COH, controlled ovarian hyperstimulation; ICSI, intracytoplasmic sperm injection; IVF, in
vitro fertilization; 2PN, 2 pronucleus; Gn, gonadotropin.

a Data are presented as the mean ± SD or a percentage.

b P < .01, compared with the HBV-negative group.

c P < .05, compared with the HBV-negative group.
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Group HBV-positive

(n = 1542)

HBeAg/preS1-
positive

(n = 970)

HBV-negative

(n = 1542)

Freeze all embryos 15.3%(236/1542) 17.5%(170/970) 15.8%(244/1542)

Number of transferred embryos 2.0 ± 0.6 2.0 ± 0.6 2.0 ± 0.6

Abbreviations: COH, controlled ovarian hyperstimulation; ICSI, intracytoplasmic sperm injection; IVF, in
vitro fertilization; 2PN, 2 pronucleus; Gn, gonadotropin.

a Data are presented as the mean ± SD or a percentage.

b P < .01, compared with the HBV-negative group.

c P < .05, compared with the HBV-negative group.

 

Outcomes of pregnancy
IVF and ET outcomes in HBV-seropositive women were similar to those in their healthy counterparts (P > 
0.05). The live birth rate and clinical pregnancy rate per ET cycle in HBsAg-seropositive or HBsAg- and
HBeAg/preS1-seropositive women did not differ signi�cantly from those in HBsAg-seronegative women
(35.3%, 32.8%, and 34.3%, respectively, P > 0.05 and 43.1%, 40.7%, and 41.6%, respectively, P > 0.05).
Moreover, no differences were found in the implantation rate, miscarriage rate, twin pregnancy rate, birth
weight, low birth weight rate or preterm rate among these three groups (Table 3).
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Table 3
Pregnancy outcomes of infertility patients according to hepatitis B virus status of the women.

Group HBV positive

(n = 1542)

HBeAg/preS1 positive (n = 
970)

HBV negative

(n = 1542)

P
values

Implantation rate 27.6%
(674/2440)

26.2%(389/1482) 26.9%
(669/2487)

NS

Clinical pregnancy
rate

43.1%
(521/1210)

40.7%(299/735) 41.6%
(505/1214)

NS

Miscarriage rate 15.9%(83/521) 17.7%(53/299) 15.4%(78/505) NS

Ectopic pregnancy 2.3%(12/521) 2.0%(6/299) 2.4%(12/505) NS

Live birth rate 35.3%
(427/1210)

32.8%(241/735) 34.3%
(416/1214)

NS

Twins rate 24.6%
(105/427)

27.0%(65/241) 24.5%
(102/417)

NS

Total preterm 13.8%
(59/427)

12.0%(29/241) 12.7%(53/417) NS

Singleton preterm 8.7%(28/322) 5.1%(9/176) 8.3%(26/314) NS

Twins preterm 29.5%(31/105) 30.8%(20/65) 26.5%(27/102) NS

Birth weight of
singletons

3271.1 ± 514.8 3303.0 ± 482.6 3273.3 ± 521.5 NS

Birth weight of twins 2485.2 ± 461.6 2427.3 ± 534.5 2441.2 ± 481.8 NS

Low birth weight 19.4%
(103/532)

21.9%(67/306) 22.8%
(118/518)

NS

Data are presented as mean ± SD or percent

NS, not signi�cant.

 

Multivariate analysis of the pregnancy outcomes adjusted for age, basic E2 level, type of infertility, causes
of infertility, peak E2 level and HBV infection status, showed no signi�cant difference in the live birth rate
between the HBV-positive or HBeAg/preS1-positive groups and the control group (adjusted OR 1.11, 95%
CI 0.93 − 1.32 and adjusted OR 1.02, 95% CI 0.83 − 1.25, respectively). Furthermore, comparison of these
groups demonstrated that there were no differences in the clinical pregnancy rate (adjusted OR 1.13, 95%
CI 0.95 − 1.34 and adjusted OR 1.038, 95% CI 0.85 − 1.26, respectively) or miscarriage rate (adjusted OR
1.08, 95% CI 0.77 − 1.50 and adjusted OR 1.10, 95% CI 0.75 − 1.61, respectively).

Discussion
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A paucity of data exists regarding the outcomes of ART in women with HBV infection. Lee et al. found
that the ongoing pregnancy and live birth rates in HBsAg-seropositive women (n = 131) do not differ
signi�cantly from those in HBsAg-seronegative women [13]. Another study has reported that women who
are HBsAg-seropositive (n = 77) have signi�cantly lower fertilization and top-quality embryo rates than
healthy controls, but the clinical pregnancy rates do not differ signi�cantly between HBsAg-seropositive
and -negative groups [10]. However, Lam et al. showed that couples with at least one HBV-seropositive
partner have higher pregnancy and implantation rates in IVF ET cycles than control couples (n = 56) [14].
Nonetheless, data are limited and all the above studies include a small number of subjects. Recently, the
study by Wang et al. considered the in�uence of HBeAg positive, but did not exclude the in�uence of HBV
infection in their partners on the result [17]. Therefore, it is di�cult to draw a de�nitive conclusion. In the
present study, we had a much larger sample size than that in previous studies and found no signi�cant
differences in clinical pregnancy or live birth rates between HBsAg-seropositive and -negative women. For
the �rst time, our results reveal no signi�cant difference in the birth weight, low birth weight rate or
preterm rate of IVF/ICSI ET cycles between HBsAg-seropositive and healthy control women.

The serum HBV DNA concentration is a direct measure of viral load [18]. To date, no study has evaluated
the effect of the HBV DNA concentration on IVF outcome. HBeAg [18, 19] and preS1 [20, 21] are known
serum markers for active HBV replication, indicating a high HBV DNA burden. To evaluate whether the
status of viral replication affects the IVF/ICSI outcome in HBV-infected women, we compared
HBeAg/preS1-seropositive women with healthy control women. In the present study, HBeAg/preS1-
seropositive women had a similar live birth rate, clinical pregnancy rate, miscarriage rate, preterm rate,
and low birth weight rate to uninfected women. This is the �rst report of a lack of association between
HBeAg/preS1 seropositivity and pregnancy outcomes following IVF/ICSI treatment. Our retrospective
cohort study found no signi�cant increase in the miscarriage rate in HBsAg-seropositive women.
However, a prior study reported a signi�cantly increased incidence of miscarriage in pregnant women
with chronic HBV infection as compared with uninfected controls [16], which is likely due to the non-
inclusion of certain potential confounders that may affect pregnancy. In the present investigation, all
HBsAg-seropositive women undergoing IVF/ICSI ET had normal liver function and had not received any
antiviral treatment. Patients with a history of recurrent spontaneous abortion, autoimmune disease,
surgery or congenital defects (urological or related to the reproductive organs), long-term drug use and/or
toxin or radiation exposure, and any couples who were seropositive for HCV and/or HIV were excluded
from the present study.

A higher incidence of secondary infertility and tubal factor infertility was detected in HBV-infected women
as compared with healthy controls. This �nding is consistent with those of previous studies [5, 13, 17].
This outcome may be due to the impaired immune response that facilitates infection with common
pathogens that cause pelvic in�ammatory disease and tubal subfertility [5, 25].

The present retrospective cohort study is the largest and �rst to report that HBeAg/preS1 seropositivity is
not associated with post-IVF/ICSI-treatment pregnancy outcomes. In our cohort study, we found that
active HBV infection in women had no effect on the birth weight or preterm rate following IVF/ICSI ET.
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Admittedly, our research has several limitations. Firstly, the HBV DNA serum concentration was not
measured due to the retrospective nature of the study; thus, we were unable to evaluate whether viral load
was correlated with pregnancy outcomes. Secondly, perinatal complications were not included and
further research is required to address this subject.

In conclusion, HBV infection in women is associated with a higher risk of secondary infertility and tubal
factor infertility, but has no signi�cant impact on ovarian responses and pregnancy outcomes in HBsAg-
seropositive women as compared with HBsAg-seronegative women, irrespective of their serum HBeAg
and preS1 status.
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Figure 1

Patient �ow through the study.


