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Purpose: This study aims at researching the content of hepatitis B virus (HBV) DNA in the
breast milk of the mothers carrying HBV and investigating the effects of different feeding
methods on mother-to-child transmission (MTCT) of HBV.

Methods: All infants were voluntarily chosen by their mothers and divided into breast-
feeding group and formula-feeding group, which were divided into three subgroups, respec-
tively: HBV-DNA negative (HBV-) group, low viral load (LVL) group and high viral load
(HVL) group.

Results: HBV load in colostrum and mature milk were both significantly lower than in
serum (P < 0.001). The positive rate of HBV-DNA in colostrum was positively correlated
with HBV load in serum, significantly higher than that of the HBV-Group in colostrum in the
LVL Group (P < 0.05), and the HVL Group was significantly higher than the LVL Group (P
< 0.001). The analysis of risk factors of HBV infection in infants showed that breast-feeding
and HBsAg positive in colostrum did not increase the risks of HBV infection of infants (P >
0.05).

Conclusion: Breast-feeding is safe for infants with HBV-infected mothers who receive
active immunization combined with passive immunization. As well, breast-feeding will
neither increase the risks of HBV infection for infants nor weaken their immunity to HBV.
However, breast-feeding shall be cautiously applied to pregnant women with high viral load.
Keywords: hepatitis B virus, mother-to-child transmission, breast-feeding group, formula-
feeding Group

Introduction

As one of the most common communicable diseases, chronic hepatitis B virus
(HBV) remains the major cause of liver cirrhosis and hepatocellular carcinoma.’
About 200 million people are infected with HBV worldwide, and about 65,000
people die of HBV infection every year.” Acting as the main HBV infection way,
approximately 50% patients are infected through mother-to-child transmission
(MTCT),? which may occur during gestation, perinatal, or postpartum.”

Most chronic HBV infections occur in China, with estimated 86 million chronic
carriers in 2016,% and 7.18% of them were pregnant women.® In China, about
one million HBV-infected pregnant women deliver every year,'® and most of them
have strong desires to breastfeed their infants. However, it is not clear whether
breast-feeding increases the risks of HBV transmitted from mothers to infants. For
further clarification of this issue, a stratified investigation was performed in this
study to evaluate the amount of HBV in the milk and the MTCT rate of HBV based
on the feeding methods and the viral load of HBV in serum of HBV-infected
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pregnant women. Since 2015, the positive rate of HBV
transmitted from mothers to infants has been reduced to
6%’ after the implementation of active immunization with
hepatitis B vaccine (HBVac) and passive immunization
with hepatitis B immunoglobulin (HBIG). For the preg-
nant women in the third trimester with HBV DNA level in
serum>10° copies/mL, antiviral therapy can improve the
blocking rate of MTCT of HBV.*? Despite these measures,
the blocking rate of MTCT of HBV cannot reach 100%.

Materials and Methods

Selection of the Patients

The chronic HBV infected pregnant women (aged 25-35) who
delivered in Obstetrics and Gynecology Department of Beijing
Ditan Hospital Capital Medical University had been followed
up from October, 2017 to June, 2019. The inclusive criteria
were as follows: 1) voluntary participants; 2) single birth and
full-term pregnancy; 3) normal liver function or mild liver
dysfunction during gestation, ie, the serum alanine aminotrans-
ferase (ALT) level <3-fold ULN (upper limit of normal). The
exclusive criteria were as below: 1) any antiviral treatments
against HBV during gestation; 2) combination with the other
viral infections; 3) amniocentesis surgery during gestation; 4)
history of placental abruption and prenatal hemorrhage. The
study was approved by the Ethics Committee of Beijing Ditan
Hospital Affiliated to Capital Medical University. All pregnant
women signed a complete informed consent form respectively
before their enrollment. This study was conducted in accor-
dance with the Declaration of Helsinki.

All infants were divided into the Breast-feeding Group
(in which breast-feeding had lasted for more than 1 month,
including exclusive breast-feeding and mixed feeding) and
the Formula-feeding Group according to the feeding meth-
ods voluntarily chosen by their mothers. According to the
serum DNA load of HBV of the pregnant women before
delivery, each group was divided into three subgroups:
HBV-DNA Negative (HBV-) Group (<5 x 10* copies/
mL), Low Viral Load (LVL) Group (5 x 10* ~ 1 x 10°
copies/mL) and High Viral Load (HVL) Group (>1 x 10°
copies/mL). Overall, 214 of the total 437 infants were
breast-feeding and the other 223 were formula-feeding.
In the Breast-feeding Group, 4 cases quitted from follow-
up and there were 79, 68 and 63 patients in HBV-Group,
LVL Group and HVL Group, respectively. Meanwhile,
with 18 cases quitting from follow-up, in the Formula-
feeding Group, there were 73, 53 and 79 patients in HBV-
Group, LVL Group and HVL Group, respectively.

Serum Specimens and Detection of DNA
and Serologic Markers of HBV

Respectively, 3 mL venous blood aseptically collected
from pregnant women, 2—4 mL of colostrum (breast milk
at 25 days after parturition) and 2—4 mL of mature milk
collected at one month after delivery was reserved in
sterile test tubes for subsequent detection. All newborns
were offered a passive immunization intramuscularly with
100 IU HBIG within 2 h after birth and at 15 to 30 days
after birth, respectively. Then, all infants intramuscularly
received 10 pg of yeast recombinant hepatitis B vaccine
(RHBV) at 1 day, 30 days, and 6 months of age. After
completing full-course vaccination, if the infants had no
immune response (hepatitis B surface antibody, HBsAb <
10.00IU/L) or low immune response (10.00 IU/L =
HBsAb < 100.00 IU/L), the infants were re-injected
with10 pg of RHBV to enhance the immune response.

Chemiluminescent microparticle immunoassay (CMIA)
(I2000SR, Abbott, America) was applied to test all serologic
markers. The HBV DNA level was quantitatively measured by
fluorescent quantitative polymerase chain reaction (FQ-PCR)
(LightCycler 480 PCR system, Roche, Switzerland; HBV
nucleotide detection kit, fosun medtech, Shanghai, China).
The sensitivity of the reagent was 5.0 x 10* copies/mL, and
the linear range of quantitative detection of HBV DNA was 5.0
x 10% ~9.99 x 10® copies/mL. The negative criteria of each
index were, respectively, as follows: hepatitis B surface antigen
(HBsAg) <0.05 IU/mL, HBsAb <10.00 IU/L (with the upper
limit of detection 1000 IU/L), hepatitis B e antigen (HBeAg)
<1.00 sample/cut off (S/CO), hepatitis B core antibody
(HBcAb) <1.00 S/CO, HBV-DNA <5x10* copies/mL. And
the positive criteria were that HBV-DNA level >5x107
copies/mL.

Laboratory Methods of Samples of Blood
and Breast Milk

The laboratory methods of blood and milk were carried out as
follows: (1) the blood samples had been centrifuged at the
speed of 4000 r/min at room temperature for 5 minutes, and
the upper layer of the serum was retained. Similarly, the breast
milk had been centrifuged at room temperature at the speed of
4000 r/min for 5 minutes, and the upper layer of fat was
discarded and the whey in the middle layer was retained; (2)
100 pL of the samples were taken, and 100 pL of extracting
solution of nucleic acid was added, and the liquid had been
shaken and mixed for 10 s, then it had been centrifuged for 10
minutes; (3) after centrifugation, the supernatant was
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discarded, 50 pL of extracting solution of nucleic acid was
added, and the liquid had been shaken and mixed for 10 s, and
had been kept at 100°C for 10 minutes; (4) then, these liquids
had been centrifuged at the speed of 1300 r/min at room
temperature for 3 minutes. Later, 7 uL of the supernatant was
taken and added into the prepared reaction tube, and then it had
been centrifuged at a low speed for several seconds, and finally
the tube was placed on a quantitative PCR instrument for
amplification.

Data Collections

Details of the pregnant women and the infants in the Breast-
feeding Group and the Formula-feeding Group were obtained,
including liver function during pregnancy, mode of delivery,
gestational weeks at delivery, neonatal birth weight (NBW),
HBeAg levels in venous blood of the newborns at birth, HBV-
DNA level of the newborns at birth and duration of breast-
feeding. The HBV DNA level and serologic markers were
detected in peripheral venous blood of the infants at 1 month
or 6 months of age to compare the conditions of immune
response between the Breast-feeding Group and the Formula-
feeding Group. Next, the HBV DNA level and serologic
markers were tested to check the status of HBV infection
when the infants were at the age of 1-2 years old.

Statistical Analysis

The data were analyzed with SAS software (Version 9.4).
Quantitative data conforming to the normal distribution were
expressed as a mean + standard deviation (SD), and the
independent-sample ¢ test was used for comparing the groups.
The quantitative data conforming to skewed distribution were
expressed by M (P25~P75), and the comparison between
groups was performed through rank sum test. The counting
data were expressed by frequency and rate, and chi-square test

or Fisher exact test were used to compare data of the groups.
P value <0.05 was considered as being statistically significant.

Results

Level of HBV-DNA in Milk and Serum

In the HBV-Group, no HBV-DNA was detected in colostrum
and mature milk. In the LVL Group, the positive rate of HBV-
DNA was 6% in colostrum, with HBV load at a level of 5x10°—
5x10* mmol/L, and no HBV-DNA was detected in mature
milk. In the HVL Group, the positive rate of HBV-DNA was
78.6% in colostrum, 21.4% of the pregnant women with an
HBV load <5x10> mmol/L, 58.2% at a level of 5x10°~1x10*
mmol/L, and 20.4% at a level of 1x10*-1x10° mmol/L.
Meanwhile, in the HVL Group, the positive rate of HBV-
DNA was 15.4% in mature milk, 84.6% of the pregnant
women with an HBV load <5x10? mmol/L, 15.4% at a level
of 5x10°~1x10* mmol/L. Above all, the positive rate of HBV-
DNA in colostrum was positively correlated with HBV load in
serum. The positive rate of HBV-DNA in colostrum of the
LVL Group was significantly higher than the HBV-Group (P <
0.05), and the HVL Group was significantly higher than the
LVL Group (P < 0.001), as listed in Table 1.

Characteristics of Pregnant VWomen and

Infants Between Groups

In the HBV-, LVL, and HVL groups, the characteristics was
compared between breast-feeding and formula-feeding
groups, respectively. As shown in Table 2, in each viral load
group, there were no significant differences of liver functions
during pregnancy, NBW, positive rate of HBeAg at birth,
negative rate of HBeAg at birth and duration of breast-
feeding between breast-feeding and formula-feeding groups
(P> 0.05). Duration of breast-feeding of HBV-, LVL and HVL
groups was 8.1+5.1 months, 8.5+4.5 months, and 7.2+4.9

Table | Level of HBV-DNA in Milk of Pregnant Women with Different Viral Load in Serum

Groups | N HBV Level of HBV-DNA in Colostrum, n (%) Level of HBV-DNA in Mature Milk, n (%)
S |
eroprevalence 1 <sx10? 5x102~ | >1x10%5 | Positive | <5x102 | 5x102~Ix10% | >I1x10* | Positive
n (%) .
Ix10
HBV- 104 0 (0.0) 104 (100.0) 0 (0.0) 0(0.0) | 0(0.0° | 104(100.0) 0 (0.0) 0(00) | 0(0.0)°
LvVL 83 83 (100.0)2 78 (94.0) 5 (6.0) 0(00) | 5(60° | 67(100.0) 0 (0.0) 0(00) | 000
HVL 98 98 (100.0)" 21 (21.4) 57 (582) | 20 (204) | 77 (78.6)° | 55 (84.6) 10 (15.4) 0(0.0) | 10 (154)

Notes: Comparison between HBV-, LVL and HVL group about the positive rate of HBV-DNA in colostrum: * ** °P = 0.011; * ** °P < 0.001; ® ** P < 0.001. Comparison
between HBV-, LVL and HVL group about the positive rate of HBV-DNA in mature milk: ¢ ¥* P < 0.001; ©** P < 0.001. Positive rate of HBV-DNA between serum and
colostrum in LVL group: & ** ®P < 0.001; Positive rate of HBV-DNA between serum and colostrum in HVL group: " ¥* P < 0.001; Positive rate of HBV-DNA between serum
and mature milk in HVL group: " ¥* P < 0.001. Positive rate of HBV-DNA between colostrum and mature milk in HVL group: < ** fP>0.05.

Abbreviations: HBV-, HBV-DNA negative group; LVL, low viral load group; HVL, high viral load group.
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months, respectively, without statistically significant differ-
ences (P =0.3076).

HBV Infection Rate and Immune

Response of the Infants

In this study, all infants had been followed up to 1-2 years
old. As shown in Table 3, in the HBV-Group, the HBV
infection rate of the breast-feeding infants and formula-
feeding infants was 1.8% and 3.4%, respectively. And
there was no statistically significant difference between
both groups (P > 0.05). In the LVL Group, there was no
infection in the breast-feeding and formula-feeding
infants. In the HVL Group, the HBV infection rate of
breast-feeding infants and formula-feeding infants was
11.1% and 2.2%, respectively. The infection rate of the
breast-feeding infants indicated herein was higher than
that of formula-feeding infants, without significant differ-
ence (P > 0.05).

As for the immune response, when the infants were 1
month and 7 months old, the positive rate of HBsAb was
shown without any significant difference (P > 0.05)
between the breast-feeding and formula-feeding groups,
which could be seen in the HBV-, LVL and HVL groups,
as shown in Table 3.

Analysis of Risk Factors of HBV Infection

in the Infants

A logistic regression analysis was used for analyzing the
risk factors of HBV infection in the infants. As seen from
the results, the breast-feeding method, with positive
HBsAg in colostrum and the high HBV-DNA load in
serum of pregnant women were all not high-risk factors
of HBV infection for the infants (P > 0.05), as listed in
Table 4.

Discussion

The primary factors affecting breast-feeding of the HBV-
infected women include an application of antiviral drugs,
concerns about MTCT, objections of family, and so on. It
remains uncertain that whether the breast milk of HBV-
infected women contained hepatitis B virus and whether
breast-feeding could increase the risks of MTCT of HBV.
Some studies suggested that the level of HBV-DNA in
serum of pregnant women >1.0 x 10° copies/mL could
be considered as a high-risk threshold for MTCT of
HBV."

Song and Hou'? demonstrated that when the concen-
trations of HBsAg infection in serum of pregnant women
were >500ng/mL, 300-500ng/mL, and <300ng/mL, the
positive rates of HBV-DNA in breast milk were 66.7%,
39.4%, and 15.0%, respectively. Chen’s study pointed out
that there were statistically significant differences between
the level of HBV-DNA in breast milk and serum. And the
level of HBV-DNA in breast milk was positively corre-
lated with that in serum. When HBV-DNA and HBeAg
were both positive in serum, the positive rate of HBV-
DNA in milk can reach 75.71%. And while the HBV-DNA
in serum was positive but HBeAg was negative, the posi-
tive rate of HBV-DNA in breast milk was 18%.'> Most
previous studies only focused on the HBV-DNA load in
colostrum. Nevertheless, in our study, the HBV-DNA load
in colostrum and mature milk were both studied. As the
results displayed, the HBV-DNA was not detected in
colostrum and mature milk in the HBV-Group. In the
LVL Group, the positive rate of HBV-DNA was just 6%
in colostrum with a lower load of HBV-DNA, and no
HBV-DNA was detected in mature milk. In the HVL
Group, the positive rate of HBV-DNA was 78.6% in
colostrum, which was significantly higher than that in
HBV- and LVL groups, as well with a relatively higher
HBYV load in breast milk. In the HVL Group, the positive
rate of HBV-DNA was 15.4% in mature milk, which was
significantly higher than that in HBV- and LVL groups.
Therefore, according to the previous studies, the results of
this study showed that the positive rate of HBV in the
breast milk was significantly lower than that in serum.
Furthermore, HBV load in milk was positively correlated
with the viral load in serum. When the HBV-DNA in
serum of pregnant women was <1x10° copies/mL, the
positive rate of HBV in colostrum was quite low, and
HBV cannot be detected in the mature milk. However,
when the HBV-DNA in serum was >1x10° copies/mL,
the positive rate of HBV in colostrum increased signifi-
cantly. Whereas, the positive rate of HBV in mature milk
is lower than in colostrum, and most of the pregnant
women with HBV-infection were with lower virus loads
in breast milk.

Theoretically, if there was HBV in the breast milk,
there would be risks that the virus would be transmitted
to the infant through the milk, when the nipples of the
mothers were cracked or the mucosa of the digestive tract
of the infants were damaged. Hence, many researchers
believed that the breast milk of HBV-infected pregnant
women was contagious, then we should choose an
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Table 4 Logistic Regression Analysis of Risk Factors of HBV Infection in Infants

Variables Groups RR (95% CI) P value
Method of feeding Breast-feeding 1.004 (0.268,3.763) 0.996
Formula-feeding ref
HBsAg of colostrum Positive 1.662 (0.253,10.901) 0.597
Negative ref
HBV-DNA load in serum of pregnant women Positive 2.881 (0.388,21.415) 0.301
Negative ref

appropriate method of feeding according to the content of
HBV-DNA in serum of pregnant women. When the infants
were 6 months old, HBV-DNA was not detected in the
peripheral blood of the infants in the Formula-feeding
Group, but there were 8 infants (12.9%) with positive
HBV-DNA in the Breast-feeding Group, and the difference
was statistically significant (P < 0.05). So, the conclusion
of the study was that breast-feeding should be carefully
performed in pregnant women with HBV-DNA >1 x 10°
copies/mL before delivery. The other investigators also
advocated that the content of HBV in breast milk should
be detected before breast-feeding, and then decide whether
to breastfeed or not. In addition, it was thought that breast-
feeding would not be recommended if the detection of
HBYV in breast milk was positive. In contrast, the other
studies like Huang YT’s study'* persisted that although the
level of HBV-DNA in breast milk increased along with the
HBV-DNA level in serum, the positive rate of HBsAg and
HBsAb showed no significant difference between the
Breast-feeding Group with different titers of HBV-DNA
and the Formula-feeding Group.

Would breast-feeding from HBV-infected pregnant
women increase the risk of mother-to-child transmission
of hepatitis B virus? In order to solve the problem, a study
was conducted to investigate the HBV infection rate of the
breast-feeding newborns with 24-month follow-up. The
results showed that, in each viral load group, no significant
differences of liver function during pregnancy, NBW, posi-
tive rate of HBeAg at birth, negative rate of HBeAg at
birth and duration of breast-feeding were found between
the breast-feeding and formula-feeding groups. In LVL
group, cesarean delivery rate of the Formula-feeding
Group was higher than that of the Breast-feeding Group,
with significant differences. In this study, all infants had
been followed up to 1-2 years old. In the HBV-Group, the
HBV infection rate of the breast-feeding infants and

formula-feeding infants was 1.8% and 3.4%, respectively.
And there was no statistically significant difference
between both groups. In the LVL Group, there was no
infection in the breast-feeding and formula-feeding
infants. In the HVL Group, the HBV infection rate of the
breast-feeding infants was 11.1%, while that of the for-
mula-feeding infants was 2.2%. The infection rate of the
breast-feeding infants was higher than that of the formula-
feeding infants, without significant differences.

The results of Wang Zhen’s study'> suggested that the
HBV-infected rates of the infants at 7-12 months old, with
low viral load in serum, between the breast-feeding and
formula-feeding groups were 1.7% and 1.6%, respectively,
without significant differences. As well, for the infants with
high viral load, the HBV-infected rates were 9.5% and
10.9%, similarly, without significant differences. Different
with these studies, our study revealed that in the HVL Group,
the rate of HBV infection of the breast-feeding infants was
higher than that of the formula-feeding infants, which might
be related to the grouping methods of virus load, duration of
breast-feeding and the length of follow-up. Being consistent
with the previous studies, the results of our study also showed
that there was no significant difference in HBV-infected rates
between the breast-feeding and the formula-feeding infants,
indicating that breast-feeding did not increase the risks of
HBYV through MTCT. (In the HBV-negative group, newborns
were followed up to 1-2 years, 1 was infected by breastfeed-
ing, and 2 were infected by artificial feeding. At the 6th
weeks and 7th months after delivery, hepatitis B surface
antigen and HBV-DNA were negative, so close contact infec-
tion with other hepatitis B virus carriers was not excluded.)

Newborns could produce antibody against HBV after
reception of active and passive immunization, which may
resist to the virus in breast milk. Newborns with HBV-
infected mothers should be vaccinated with HBIG within

12 hours after birth and receive all-course inoculation (at 0
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month, 1 month, and 6 months). The passive immunoreac-
tivity of HBIG worked within 15~30 min after injection,
and the effects had lasted for 42-63 days. The active
immunity was produced 3540 days after inoculation of
RHBYV, and the level of HBsAb in serum increased sig-
nificantly after the third vaccination of HBIG. Five makers
(HBsAg, HBsAb, HBeAg, HBeAb, and HBcAb) of hepa-
titis B were detected at 1 month after the whole course of
vaccination to evaluate the immune response to HBYV,
among these, HBsAb >100 mIU/mL was defined as an
effective response (normal response), 10~100 mIU/mL
was a low response, <10 mIU/mL meant without any
response.'® After the whole course of immunization, the
average titer of HBsAb was the highest in the 7-11 months
old infants, representing the peak of immunoreactivity.
Newborns in this study were all inoculated with HBIG
within 2 hours and at 15-30 days after birth, respectively,
and fully vaccinated with the whole course of RHBV. The
results suggested that in the HBV-, LVL and HVL groups,
no significant difference about the positive rate of HBsAb
was observed between breast-feeding and formula-feeding
groups when the infants were 1 month and 7 months old.
In HBV-Group, the HBsAb titers of the 1-month-old
breast-feeding infants were significantly higher than that
of the formula-feeding infants, with significant differences.
For 7-month-old infants, there was no significant differ-
ence of the HBsAb titers between both groups. And in the
LVL and HVL groups, there was no significant difference
of the HBs-Ab titers between breast-feeding and formula-
feeding infants at the age of 1 month and 7 months. In all,
the results suggested that breast-feeding would not weaken
the baby’s immune response. The results of our study'’
were consistent with those of Huang Ruijuan’s study. In
our study, the analysis of risk factors of HBV infection in
infants showed that breast-feeding and HBsAg positive in
colostrum did not increase the risk of HBV infection of the
infants. Nevertheless, the results of this study showed that
high HBV-DNA load in serum of pregnant women was not
a high-risk factor for HBV infection of the infants, which
were different from the previous results.'®'® However, this
may be related to the small sample size of the infants with
HBYV positive in this study. In addition, because the detec-
tion method in our hospital was limited during the study
period, real-time PCR was not adopted, and in the relevant
studies in the future, we will use the detection method with

higher sensitivity.

Conclusions

In summary, the results of our study showed that breast-
feeding was safe for the infants with HBV-infected
mothers who received active immunization on combina-
tion with passive immunization. Under this circumstance,
breast-feeding would not increase the risk of HBV infec-
tion for the infants and would not reduce their immunity to
HBV. However, it is recommended to give an individua-
lized guidance to the mothers with different viral loads in
serum respectively. When the nipples of the mothers are
cracked or the infants have oral ulcers, it is safer to stop
breast-feeding, especially for the mothers with high viral
loads. As with a small sample size of our study, further
studies with large sample sizes are needed.
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