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Abstract

Background and Aims: In vitro fertilization-embryo transfer (IVF-ET) may increase
the risk of mother-to-child transmission (MTCT) of hepatitis B virus (HBV). The pur-
pose of this study was to investigate the impact and safety of IVF-ET on MTCT in
women with chronic HBV infection (CHB).

Methods: The data of 298 women who got pregnant by IVF-ET and their 375 children
were collected retrospectively. Mothers were divided into the CHB group (n = 224)
and the control group (HBsAg negative, n = 74). After birth, newborns were routinely
vaccinated with the hepatitis B vaccine, and infants in the CHB group were injected
with hepatitis B immunoglobulin within 2 h after birth. Demographic information, clin-
ical data and laboratory test results were collected. The primary outcome measures
were the MTCT rate of HBV, and the secondary outcome measures were the safety
of the mother and infant.

Results: There was no case of HBV MTCT in all 282 newborns born in the CHB
group and 93 neonates born in the control group. Of the two groups, the birth
weight (3056.74 +601.65 vs. 2926.24+704.86, P = .083), length (49.22+1.97 vs.
48.74+3.09, P = .167), 5-min Apgar score (9.97 +0.21 vs. 9.90+0.51, P = .212), days
of pregnancy (265.70+12.73 vs. 262.02+17.50, P = .064) and neonatal malforma-
tion rate (0.71% vs. 0, P = 1.000) were similar. Two cases of neonatal malformation
occurred in the CHB group. The incidences of pregnancy and childbirth complications
were similar between the two groups.

Conclusion: IVF-ET does not increase the risk of MTCT in women with chronic HBV
infection, and it is safe for mothers and infants.

Abbreviations: ALT, alanine aminotransferase; cccDNA, covalently closed circular DNA; CHB, chronic HBV infection; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen;
HBV, hepatitis B virus; IVF-ET, in vitro fertilization-embryo transfer; MTCT, mother-to-child transmission.
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1 | INTRODUCTION

Approximately 2 billion people worldwide are infected with the
hepatitis B virus (HBV), and~292 million people live with chronic
infections.! An estimated 0.88 million people die of HBV infection-
related liver failure, cirrhosis and primary hepatic cancer every year.*
Mother-to-child transmission (MTCT) is the most important route
for chronic HBV infection (CHB) in Asia.Z™ In Chinese adults, 30—
50% of chronic HBV infections are from MTCT.®

The median prevalence of infertility is about 9%,° and it's esti-
mated that 48 to 186 million people globally suffer from infertility.5®
Studies have shown that a spouse with HBV infection will increase
the incidence of tubal infertility.® In vitro fertilization-embryo trans-
fer (IVF-ET) is an important method to treat infertility. In a reproduc-
tive centre in China, it was reported that 21.75% of couples who had
in vitro fertilization were of chronic HBV infection.’® However, it is
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was exempted because of a retrospective study. The trial has been
registered on ClinicalTrials.gov (ID: NCT03932851). All authors had
access to the study data and approved the final manuscript.

2.3 | Prophylactic immunization of newborn

All neonates were injected with hepatitis B vaccine 10 pg (Dalian Hissen
Biopharm Co., Dalian, China) within 2 h after birth. The 2nd dose was
injected at 1 month and the 3rd dose at 6 months after birth. In addition,
newborns born to CHB females were injected with hepatitis B immuno-
globulin (HBIG) 100-2001U (Chengdu Institute of Biological Products,
Chengdu, China) within 2 h at birth. Heel blood samples were taken from
all neonates 72h after birth in the neonatal screening centre to detect
congenital hypothyroidism and phenylketonuria. The auditory screen-
ing was done before the baby left the hospital. HBV serological and vi-
rological tests were taken in infants born to mothers with CHB during
1-6 months after finishing the third dose of the hepatitis B vaccine.

24 | Outcome measures

Negative HBsAg tested 7-12 months after birth was considered as
a successful HBV MTCT prevention. Hepatitis B surface antibody
(HBsAb) level=10 mIU/ml was considered positive and protective.
The primary outcome measure was the rate of successfully prevent-
ing HBV MTCT. The secondary outcome measures were intrauterine
growth of neonates, including length, weight, 5-min Apgar score and
the incidence of adverse events during pregnancy and delivery.

2.5 | Statistical analysis

For continuous data of normal distribution, variables were expressed
as mean + standard deviations, and a t-test was used for comparison
between groups. Continuous data for skewness distribution, vari-
ables were expressed by medians and interquartile ranges (Q1, Q3),
and comparisons between groups were nonparametric. The relation
of two continuous variables was analysed by Spearman correlation.
Categorical variables were expressed as frequencies and percent-
ages, and the Chi-squared test or Kruskal-Wallis test was used to
compare these data. All statistical tests were two-sided, and P val-
ues <.05 was considered statistically significant. For all analyses,
SPSS software (version 25.0) was used.

3 | RESULTS

3.1 | Enrollment and clinical characteristics of
pregnant women

There were 375 women who received IVF-ET and delivered in
Beijing Ditan Hospital between October 2010 and March 2019.
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Seventy-seven cases were excluded, including 2 cases infected with
hepatitis C, 11 cases infected with syphilis and 64 due to incomplete
data (all in the CHB group without infant's data of HBV biomark-
ers test during follow-up). Two hundred and ninety-eight pregnant
women, 224 in the CHB group and 74 in the control group, aged
from 25 to 5lyears old (35.65+4.38years) were enrolled in this
study. There were fewer cases in the control group, mainly because
the Department of Obstetrics and Gynaecology of Beijing Ditan
Hospital is good at preventing mother-to-child transmission of hepa-
titis B, so many CHB pregnant women choose to give birth here.

In the CHB group, there were 107 women with positive HBeAg
and 117 with negative HBeAg at baseline (in the first trimester).
The rates of positive HBeAg in the high viral load group and treated
group were significantly higher than those in the low viral load group
and the untreated group (90.53% vs. 16.28%, P = .000 and 94.44%
vs. 78.26%, P = .021). 151 (67.41%) women were serum HBV DNA
positive with a mean HBV DNA level of 5.95+2.26log,, IU/ml, in
which 42.41% (95/224) patients with HBV DNA =2.0x10°IU/ml
(High viral load group) and 57.58% (129/224) patients with HBV
DNA
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TABLE 3 Characteristics of newborns and MTCT rate of HBV

Untreated group
(n = 26)

Treated group
(n=87)

Low viral load

High viral load

Control group
(n=93)

CHB group
(n =282)

P-value

P-value

group (n = 169)

group (n = 113)

P-value

Characteristic

.567
.506
.240
.020
.633
1.000

49.19+2.37

3052.87+526.20

4947 +1.22

156
726
.903
.866
.314
.246

49.09+2.20

49.41+1.55

167
.083
212
194
.064
1.000

48.74+3.09

49.22+1.97

Length (cm, m, mean +SD)

3134.62+617.70
9.92+0.27

9.99+0.11

3046.75+637.10
9.97+0.23

3071.68+546.78
9.97+0.16

9.90+0.51

2926.24+704.86
56(60.22)

3056.74+601.65
997+0.21

Weight (g, mean+SD)

Apgar score at 5 min (mean +SD)

Male (%)

19 (73.07)
265.62+14.19

41 (47.13)
266.94+11.85

88 (52.07)
265.08+12.96

60 (54.54)
266.64+12.37

148 (52.48)

0(0.00)

0(0.00)
13 (14.94)
0(0.00)

2(1.18)

15 (8.88)

2 (1.18)
169 (100%)

0(0.00)
20 (17.70)

0(0.00)
113 (100%)

262.02+17.50
0(0.00)

265.70+12.73
2(0.72)

Gestational days (days, mean +SD)

Neonatal malformation (%)

.160

7 (26.92)
0(0.00)
26 (100%)

028"
518

35 (12.41)

HBsAg (+) at birth (%)
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2(0.71)
282 (100%)

HBV DNA (+) at birth (%)

87 (100%)

HBsAg (-) after 7 month (%)

*P<.05.

neonatal malformation rate between the two groups. All 282 neo-
nates were born to women with CHB-produced protective antibod-
ies (anti-HBs =210 mlU/ml), with a median anti-HBs level of 258.02
(12.57,1000) mIU/ml.

4 | DISCUSSION

With the increasing incidence of infertility, more and more HBV-
infected couples need to use IVF-ET to achieve the purpose of
fertility. It is reported that HBV infection in men can affect sperm

quality,*>%°

resulting in lower fertilization rates during IVF-ET and
possibly HBV of paternal-fetal transmission.2*™® In this study, the
rates of husband with HBV infection were of no difference between
the CHB group and control group, and even between each sub-
group of the chronic HBV infection group, excluding the impact of
male HBV infection on the outcome of the study. Women undergo-
ing IVF-ET are a special group who are generally old and accompa-
nied by infertility as well as other diseases. Therefore, we selected
normal women who underwent IVF-ET as the control group in this
study, rather than CHB women who did not undergo IVF-ET.

The main modes of HBV transmission are blood transmission,
MTCT and sexual transmission?* China's Guidelines for the Prevention
and Treatment of Chronic Hepatitis B (2010, 2015 and 2019 edi-
tion)zz‘24 recommend that for newborns of HBsAg-positive mothers,
1001U hepatitis B immunoglobulin (HBIG) should be injected within
12h after birth. Meanwhile, recombinant yeast-derived hepatitis B
vaccine (10 pg) be inoculated at different sites of the body, and the
second and the third dose of hepatitis B vaccine be administered at
the age of 1 month and 6 months respectively. Despite timely prophy-
laxis, MTCT can still occur in 5%~ 15% of the infants born to mothers
with high HBV DNA level.?® Using antiviral medications in the third
trimester could further reduce the MTCT rate to 0%,%° indicating that
HBV MTCT rarely happened in the first and second trimesters.

IVF is different from natural conception. IVF involves oocyte re-
trieval, in vitro fertilization, in vitro culture of fertilized eggs and im-
plantation of fertilized eggs, which may cause oocyte-contaminated
HBV in the first trimester. HBV DNA can be detected in IVF-ET oo-
cytes, and the detection rate is related to the content of HBY DNA
in female blood™? It has also been found that the presence of HBV
cccDNA and HBV DNA in the ovary was significantly associated
with increased HBV intrauterine infection?” Therefore, it was hy-
pothesized that IVF-ET in women with chronic HBV infection may
increase the risk of mother-to-child transmission of HBV. In this
study, a retrospective cohort study was conducted to investigate
whether IVF-ET increases the risk of HBV mother-to-child transmis-
sion in women with chronic HBV infection. The results showed that
all newborns born to women with chronic HBV infection undergoing
IVF-ET, even those with high HBV viral load, could be effectively
protected from the MTCT of HBV by timely injection of HBIG com-
bined with hepatitis B vaccine after birth. The results indicate that
IVF did not increase the risk of MTCT of HBV in pregnant women
with chronic HBV infection based on prophylactic immunization.
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Itis unclear why IVF-ET did not increase the risk of MTCT of HBV
in pregnant women with chronic HBV infection in our study. Even
in women with high HBV viral load, HBV DNA can be detected in
only 9.6% of oocytes,'? and other studies have shown that HBV in-
fection in oocytes and embryos can lead to a decrease in implantation
rate”18 |t should be speculated that a small number of HBV-infected
oocytes often fail to successfully implant into the uterine cavity, or
fail to develop a mature fetus. The fetus that can mature may be the
oocytes and embryo cells that are not infected by the HBV virus.
Since our hospital cannot perform IVF-ET, it is regrettable that the
success rate of IVF in the CHB group and control group could not be
demonstrated in this study and we cannot confirm our speculation.

In this study, there were 12.41% (35/282) neonates born to CHB
mothers and 17.70% (20/113) neonates born to CHB mothers with
high HBV viral load were serum HBsAg positive at birth, and all the
neonates did not develop HBV infection in the follow-up. Previous
studies reported in CHB mothers with high HBV viral load and did
not receive antiviral treatment in pregnancy, there were 29.79% of
infants with HBsAg positive at birth and 8% of infants developed
HBV infected in the follow-up, and those were 10% and 0% in in-
fants born to women with high viral load taking the antiviral drug
during pregnancy.?® It is suggested that HBsAg positive at birth does
not indicate neonatal infection. In the present study, all children pro-
duced protective antibodies in follow-up, suggesting that IV-ET does
not affect the production of hepatitis B surface antibodies.

The results of our study showed that the incidences of preg-
nancy and childbirth complications, including hypothyroidism,
intrahepatic cholestasis of pregnancy, placenta previa, placental
abruption, polyhydramnios, oligohydramnios, premature delivery,
postpartum haemorrhage and congenital phenylketonuria were
similar between CHB group and control group, whilst the rates of
diabetes, pregnancy-induced hypertension and premature rupture
of membranes were lower in the CHB group. The birth weight,
length, Apgar score, incidence of birth deformity, congenital phe-
nylketonuria, congenital hypothyroidism and congenital deafness
were similar between the two groups. It is indicated that the risk
of complications during pregnancy and delivery does not increase
after successful IVF-ET in HBV-infected women, and the intrauter-
ine growth of the foetus is not affected.

To sum up, the results of this study indicate that IVF did not
increase the risk of MTCT of HBV or affect the intrauterine de-
velopment of the fetus in women with chronic HBV infection.
HBV-positive patients who underwent IVF do not appear to have
an increased risk of pregnancy-related complications although the
non-pregnancy cohort was relatively small.
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