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Abstract
AIM: To explore the possible mechanism of intrauterine
infection of hepatitis B virus (HBV).

METHODS: HBV DNA was detected in vaginal secretion
and amniotic fluid from 59 HBsAg-positive mothers and in
venous blood of their newborns by PCR. HBsAg and HBcAg
in placenta were determined by ABC immunohistochemistry.

RESULTS: The rate of HBV intrauterine infection was 40.1%
(24/59). HBV DNA was detected in 47.5% of amniotic fluid
samples and 52.5% of vaginal secretion samples respectively.
HBsAg and HBcAg were detected in placentas from HBsAg-
positive mothers. The concentration of the two antigens
decreased from the mother’s side to the fetus’s side, in the
following order: maternal decidual cells > trophoblastic cells
> villous mesenchymal cells > villous capillary endothelial
cells. However, in 4 placentas the distribution was in the
reverse order. HBsAg and HBcAg were detected in amniotic
epithelial cells from 32 mothers.

CONCLUSION: The main route of HBV transmission from
mother to fetus is transplacental, from the mother side of
placenta to the fetus side. However, HBV intrauterine
infection may take place through other routes.
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INTRODUCTION
Hepatitis B virus infection is a worldwide health problem.
China is one of the high prevalent areas, with a positive
rate of HBsAg in population more than 10%[1]. Recent data
indicate that the rate of intrauterine infection of HBV is
10%-44.4%[2,3]. Intrauterine infection is one of important
routes of HBV transmission, and the main cause of HBV
chronic infection. To explore the possible mechanism of
intrauterine infection, we detected HBV DNA in the vaginal
secretion and amniotic fluid from HBsAg-positive mothers and
venous blood from the neonates by PCR, and also detected the

distribution of HBsAg and HBcAg in the placenta by ABC
immunohistochemical method.

MATERIALS AND METHODS
Patients
Pregnant women who gave birth in the Hospital of Women’s
and Children’s Health Care in Zhaoqing, Guangdong Province,
China and their full-term newborns were recruited into this
study. All the mothers received a regular prenatal examination in
the clinic during pregnancy, and were detected for HBV serum
markers (HBVM) by ELISA. Fifty-nine HBsAg-positive mothers
and their newborns were studied, 10 HBsAg-negative mothers
and their newborns served as control. All the mothers had no
threatened abortion or related history, no pregnancy related
complications. There was no difference in age, pregnant frequency
of mother and gestational age of fetus between the two groups.
Sixty-nine mothers gave birth to sixty-nine newborns.

HBV DNA detection
Vaginal secretion of mothers was taken before amnion rupture.
After entering labor of the mother, at a proper time or just
after amnion rupture, amniotic fluid was taken, and strictly
prevented from blood contamination. After birth, 3 ml of
neonatal venous blood was taken and separated for serum. All
specimens were stored at -20  and HBV DNAs were detected
simultaneously. PCR test kits were purchased from Hua Mei
Biological Engineering Company. The tests were performed
strictly according to the manufacturer’s instructions.

Determination of HBsAg and HBcAg in placenta
Placental tissues of 1 cm×1 cm×2 cm, were taken from the
fetal side and the maternal side respectively, fixed in 10%
formalin, embedded with paraffin according to routine
procedure and sliced in 5 µm thickness. Rabbit McAb against
HBcAg and mouse McAb against HBsAg were used for
immunohistochemical test and DAB staining kits were purchased
from Wuhan BoShide Biological Engineering Ltd Company.
HBsAg and HBcAg positive livers from autopsy were used as
positive control, and placentas from HBVM negative mothers
served as negative control. At the same time, we used PBS instead
of the first antibody as blank control. Dark brown yellow in
cytoplasm or nucleus was regarded as strongly positive, brown
yellow as positive, and light brown yellow as weakly positive.

Diagnosis of intrauterine infection
The presence of HBV DNA in neonatal venous blood was
regarded as intrauterine infection.

RESULTS

HBV DNA status in amniotic fluid, vaginal secretion and
neonatal venous blood
The positive rates of HBV DNA in amniotic fluid and vaginal
secretions were 47.5% (28/59) and 55.9% (31/59) respectively.
No HBV DNA was detected in amniotic fluid and vaginal
secretion in control group. Of the 59 newborns born to mothers
with HBsAg-positive, 24 were HBV DNA positive in neonatal
venous blood, the rate of intrauterine infection was 40.1%
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(24/59). No HBV DNA was detected in neonatal venous blood
from newborns whose mothers were HBsAg-negative.

HBsAg and HBcAg in placenta
The positive rates of HBsAg and HBcAg in placentas from
59 mothers with HBsAg- positive were 81.4% (48/59) and
61.1% (36/59) respectively. HBsAg in placenta appeared as
inhomogeneous dark brown yellow granules in plasma of all
kinds of cells. It was 76.27% (45/59) in maternal decidual cells,
72.88% (43/59) in trophoblastic cells, 62.71% (37/59) in villous
mesenchymal cells, 52.54% (31/59) in villous capillary
endothelial cells, 54.24% (32/59) in amniotic epidermic cells.
The positive coloration of HBsAg was seen in part of the villous
interstices. The distribution of positive cells was patchy or
conglomerate. The stained HBcAg in placentas was
homogeneous granule, existing in nuclei of the positive cells
which were distributed in focus or dispersion, mainly including
59.32% (35/59) of maternal decidual cells, 55.93% (33/59) of
trophoblastic cells, 50.85% (30/59) of villous mesenchymal
cells, 44.07% (26/59) of villous capillary endothelial cells,
49.15% (29/59) of amniotic epidermic cells. No HBsAg or
HBcAg was detected in placentas of the control. The number
of positive cells of HBsAg or HBcAg and the degree of staining
were gradually decreased from maternal decidual cells to
villous capillary endothelial cells.
      On the contrary, the distribution of HBsAg- and HBcAg-
stained cells in 4 placentas was gradually decreased from
villous capillary endothelial cells to maternal decidual cells.
The staining degree of HBsAg and HBcAg was also decreased
in the same order.

DISCUSSION
Most researchers hold that the mechanism of HBV intrauterine
infection is transplacental infection. In 1987, Lin detected 32
placentas of HBsAg and HBcAg positive mothers using PAP
immunohistochemistry, and did not find HBsAg[4]. Tang
detected HBV DNA in placentas of induced labor from HBsAg-
positive mothers using dot blot hybridization, and found HBV
DNA in 2 cases[5]. Lucifora detected 12 placentas of HBsAg
carriers with no symptoms by immunohistochemistry and found
HBsAg and HBcAg in villous capillary endothelial cells[6,7].
Xu[8] and Yan[9] detected placentas from HBsAg-positive mothers
by ABC immunohistochemistry and in situ hybridization and
found HBsAg, HBcAg and HBV DNA in all kinds of placental
cells. Wang et al detected 24 placentas of HBsAg and HBcAg
positive mothers using in situ hybridization and found HBV
DNA was mainly distributed in maternal decidual cells, while
no HBV DNA- positive cells were in the villi[10]. The results
above were different obviously. In the present study, by using
PCR for the determination of intrauterine HBV infection and
ABC immunohistochemistry for the detection of the presence
of HBsAg and HBcAg in placenta, we detected 59 placentas
of HBsAg-positive mothers and found the positive rates of
HBsAg and HBcAg were 81.4% (48/59) and 61.1% (36/59)
respectively. The detection rate of HBsAg and HBcAg, the
proportion of positive cells and the degree of staining were
gradually decreased from the maternal side to the fetus side of
placenta (decidual cells > trophoblastic cells > villous
mesenchymal cells > villous capillary endothelial cells). The
villous capillary endothelial cells were infected by HBV in 31
mothers, from whom 22 newborns had HBV intrauterine
infection. These results indicated that HBV could infect all
kinds of cells in placenta, which was the possible mechanism
of intrauterine infection that HBV infected cells from maternal
decidua to villous capillary endothelia or that HBV infected
trophoblastic cells directly, then to villous mesenchymal cells

and villous capillary endothelial cells resulting in fetus infection.
      In our study, the number of HBsAg- and HBcAg- positive
cells was gradually decreased from villous capillary endothelial
cells to maternal decidual cells in 4 placentas. The degree of
staining was decreased in the same order from the fetus side to
the mother side of placenta. HBV DNA was positive in 2 of
the venous blood samples. This indicated that HBV infected
the fetus first, and then infected cells in different layers of
placenta. In these 4 cases HBsAg and HBcAg were detected
in amniotic epidermic cells, HBV DNA in amniotic fluid and
vaginal secretion was also detected, suggesting that the
ascending infection from vagina might exist, that is to say,
HBV in vaginal secretion infected fetal membrane, amniotic
fluid, fetus and cells of different layers in placenta or HBV
infected fetal membrane first then infected cells in different
layers of placenta from the fetus side to the mother’s side.
      From the 1980’s, researchers all over the world have proved
that HBV DNA was existent in all generations of spermatogenic
cells and sperms in HBV-infected males. Researchers studied
male HBV carriers whose wives were not infected with HBV,
and their fetuses. The results of HBV DNA sequencing showed
that the homology between the father and his son or daughter
was 98%-100%. Some researchers found HBsAg in follicular
fluid of HBsAg-positive women by immunohistochemistry. Still
others found HBV DNA in ovary from a woman who died of
severe hepatitis using in situ hybridization. HBV DNA was
mainly in plasma of ovum and interstitial cells. Now that human
oocytes can be infected by HBV, the possibility of HBV
transmission through oocytes may exist. In our study, although
the fetus HBV infection through oocyte has not been proved
in the 2 cases, we could not exclude the possibility.
    In conclusion, intrauterine HBV infection is mainly
transmitted through the placenta from the maternal blood to
the fetus. HBV infection through vagina or oocytes may exist.
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