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Abstract. To identify the possibility of hepatitis B virus (HBV) vertical transmission from father
to fetus, eight male HBV carriers whose wives were negative for any HBV marker and their eight
aborted fetuses who had been infected with HBV in utero, were studied. S gene 451 ~ 660
nucleotide sequence of HBV in 6 cases of father/fetus pairs and C gene 2022 ~ 2321 nucleotide
sequence in the other 2 cases of father/fetus pairs were amplified by nested polymerase chain
reaction (NPCR), and sequenced. HBV DNA was detected in the semen and spermatid of male
HBV carriers. The homologies of HBV sequences between father and fetus were very high. Six
father/fetus pairs had the same subtype adw. The sequences of the fragment were identical
between father and fetusin 4 cases. Especially in case 3, both father and fetus had the same point
mutation, which caused an amino acid substitution at codon 126. The other two cases had point
mutations in the fetus at nucleotide positions 491, 494, 546, 581 resulting in amino acid sub-
stitution at codons 113, 114, 131, 143. The C gene 2022 ~ 2321 nucleotide sequences in two
cases were identical. There were eleven common point mutations between father and fetus, but
those mutations did not cause phenotypic changes. Our finding suggested that HBV vertical
transmission from father to fetus was present. A HBV carrier father may transmit the virus to

his fetus by spermatid.

INTRODUCTION

The modes of transmission of HBV differ
in various parts of the world. In the United
States, sexual activity and intravenous drug
use are important risk factors (Hollinger et al,
1990), whereas perinatal HBV transmission is
common in Southeast Asia (Ip et al, 1989).
Studies of HBV transmission have been based
largely on epidemiologic surveys, serologic tests
and clinical histories. In addition, intrafamilial
transmission among Chinese has been demon-
strated by serotyping (Stevens et al, 1975) and
the clustering of infected individuals in certain
families (Lok et al, 1987). Such studies can
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show the prevailing mode of transmission among
various populations, but generally do not provide
sufficient detail to confirm or exclude the
occurrence of HBV transmission between
specific individuals.

The finding of mutant HBVsin two Chinese
families by DNA sequence analyses showed
the most probable routes of transmission within
each family (Lin et al, 1990). Siblings within
each family had the same variants. The degrees
of homology between the variant sequences
that differed within a given family fell into two
groups (Lin et al, 1991). The mothers positive
for HBsAg can transmit the virus to their
offspring in utero (Badur et al, 1994; Zhong
et al, 1996). If HBV infection occurred in
utero, the effect of the HBsAg-positive father
was also important. HBV DNA was found in
human semen and spermatid (Xu et al, 1992;
Zhao et al, 1998). According to this finding,
it has been speculated that the vertical trans-
mission of HBV from a HBsAg-positive father
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to his infant is also possible. But HBV cannot
be isolated and cultured, to confirm the route
is difficult. At present, the gene detection tech-
nique (Norder et al, 1994, 1996; Blitz et al,
1998) has provided a useful method for estab-
lishing the route of transmission by the detec-
tion of HBV DNA and the comparison of the
degrees of homology of HBV sequences. In
the present study, HBV nucleotide sequences
from 8 cases of father/fetus pairs were ampli-
fied and sequenced. By identifying HBV DNA
sequences between fathers and fetuses, we try
to establish the route of transmission from
father to offspring.

MATERIALS AND METHODS

Patients

Pregnant women and their husbands who
wanted to terminate pregnancy for medical
reasons were screened by hepatitis Bs antigen
(HBsAQ) in the hospital of a county in Hunan
Province between March 1995 and March 1996.
Eight male HBV carriers and their infectious
fetuses were selected in 506 pairs of pregnant
women and their husbands. The male HBV
carriers were identified by five HBV serologi-
cal markers (described below) determined by
ELISA methods and HBV DNA by PCR. They
were between 25 and 35 years of age and had
normal ALT levels. They aso had no history
of hepatitis or prior injection of hepatitis B
vaccine. Their wives, aged between 23 and 33,
were negative for all HBV serologic markers
(described below) and HBV DNA. The sera,
leukocytes of the couples and sperm from the
male HBV carriers were taken during hospi-
talization. Their aborted fetuses aged 3 months
and over in utero, were also studied. The blood
of the fetus was taken at the time the fetus
was born. Sera were isolated and stored at low
temperature. Leukocytes were isolated at the
same time. The liver tissues of fetuses were
taken. Fetuses positive for HBV DNA in any
sample of serum, leukocyte and liver were
taken as having contracted HBV infection in
utero. We also selected 5 father/mother/fetus
pairs, who were negative for all HBV markers,
as control.
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Materials

Primers were synthesized in the Shanghai
Institute of Cell. Taq polymerase, DNA mark-
ers, proteinase K were purchased from the
Sino-American Biotechnology Company. The
Fmol DNA Cycle Sequencing System was from
Promega. y-*P-ATP was purchased from Beijing
Yahui Company. The digitoxin labeled HBV
DNA probe was purchased from Shanghai
Medical University.

Determination of HBV serological markers

Five HBV serological markers, HBSAgQ,
HBeAg (hepatitis B e antigen), anti-HBs (hepa-
titis B s antibody), anti-HBe (hepatitis B e
antibody), anti-HBc (hepatitis B ¢ antibody)
were determined using commercially available
ELISA kits.

HBV DNA extraction

Leukocytes were isolated from anti-co-
agulative blood using leukocyte separating
liquid. After washing three times with phos-
phate buffered saline solution (PBS), the volume
of the leukocytes was restored by adding PBS
and then stored at a low temperature. The liver
specimens were obtained by adding 2ml PBS
to 2g liver tissue in a grinding-bowel and
grinding under sterile conditions. After wash-
ing three times with PBS, 2 ml PBS were
added to the livers specimens and then stored
at a low temperature. Sperm was centrifuged
to isolate spermatids and semen. After washing
three times with PBS, the volume of the
spermatids was restored by adding PBS and
the sample was stored at a low temperature.
All of final the washes in PBS should be
negative for HBV DNA.

Fifty microliters of the samples mentioned
above and sera were, respectively, digested in
the presence of 0.5% sodium dodecy! sulfate,
25 mmol/l sodium acetate, 2.5 mmol/I
ethylenediaminetetraacetic acid, 1 ug/ml pro-
teinase K in a volume of 200 ul for 2 hours
at 68°C. Two phenol-chloroform extractions
were followed by two chloroform extractions
and HBV DNA was then precipitated with
ethanol. After washing twice with 70% etha-
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nol, the DNA pellets were suspended in 10 ul
water (Hou et al, 1995).

Detection of HBV DNA by nested PCR

Five microliters of the extracted HBV DNA
were used as a template for nested PCR
amplification. The oligonucleotide primers used
in this study are presented in Table 1. The
primers were selected from the S and C regions
of the HBV genome. A pair of nested primers
was designed for each region. In the S region,
the outer primers were S1R, BS1, amplified a
787 bp fragment; the inner primers were S3,
B3, amplified a 261 bp fragment. In the C
region, the outer primers were C1, C3, ampli-
fied a 665 bp fragment; the inner primers were
C2, C6, amplified a 394 bp fragment. The PCR
conditions were as described before (Hou et al,
1995). After PCR, the positive sample was
identified by Southern blot hybridization. The
hybridization was performed according to the
manufacturer’'s recommendations.

Direct PCR sequencing

Ninety microliters of second stage PCR
products of S and C regions were purified with
an equal volume of 4 mol/l sodium acetate and
2 volumes of isopropanol for 10 minutes at
room temperature, pelleted by centrifugation
for 10 minutes, washed two times with 70%
ethanol, then suspended in 20 ul water for
sequencing. Primers BS3 and C6 were respec-
tively end-labeled with 25 u Ci of y-*P-ATP
in a volume of 10 ul using 10 units of poly-
nucleotide kinase for 10 minutes at 37°C. 1.5

ul of the reaction mix was used directly in the
sequencing reaction. Briefly, 9.5 ul purified
DNA was added to the reaction buffer with the
end-labeled primer and 5 units of Tag enzyme.
Dideoxynucleotide termination sequencing was
performed according to the manufacture's in-
structions for the Fmol DNA Cycle System
(Promega) (Hou et al, 1995). The sequencing
results were handled by DNASIS software and
compared with the corresponding sequences in
Genebank.

RESULTS

The HBV serological markers and HBV
DNA of eight father/fetus pairs are presented
in Table 2. Among the eight HBV carrier fathers,
six were positive for HBsAg and HBeAg, the
other two were positive for HBsAg and nega-
tive for HBeAg. Only one fetus (12.5%) in the
eight HBV infectious fetuses had HBV sero-
logical markers. None of the samples from the
five control fetuses had HBV markers.

We have sequenced S gene 451 ~ 660
nucleotide sequence of HBV of six father/fetus
pairs and C gene 2022 ~ 2321 sequence in
HBV of the other two father/fetus pairs by
direct PCR sequencing. The nucleotides were
numbered from the EcoRI restirction site of
the HBV genome (Galibert et al, 1979). The
part S gene sequences are shown in Fig 1. The
homology of the sequences from father and
fetus are 98 ~ 100%. It is known that HBV
serological subtypes are determined by the amino

Table 1
NPCR primers used for HBV gene amplification.

Primer Position Nucleotide sequence

SIR 842 ~ 822 5-TTAGGGTTTAAATGTATACCC-3'

BS1 56 ~ 76 5'-CCTGCTGGTGGCTCCAGTTCC-3'

S3 427 ~ 448 5-CATCTTCTTGTTGGTTCTTCTG-3

BS3 687 ~ 668 5'-GGCACTAGTAAACTGAGCCA-3'

C1 2394 ~ 2370 5'-GGCGAGGGAGTTCTTCTTCTAGGGG-3'
C3 1730 ~ 1754 5'-CTGGGAGGAGTTGGGGGAGGACATT-3
Cc2 1955 ~ 1974 5-TTGCCTTCTGACTTTCTTTCC-3

C6 2348 ~ 2330 5-TAAACAACAGTAGTTTCCGG-3
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Table 2
HBV markers of father/fetus pairs.

Father’'s HBV-DNA

Fetus' serological markers

Fetus HBV-DNA

Case

no. Serum Leukocyte Semen Spermatid HBsAg HBeAg Anti-HBc Anti-HBe Serum Leukocyte Liver
1 + + + + + + - - + + +
2 + + + + - - - - + + +
3 + + - - - - - - + + +
4 + + + + - - - - + + +
5 + + - - - - - - + + +
6 + + / / - - - - + + +
7 + - + + - - - - + - +
8 + + + + - - - - + + +

| Sperm not obtained.

acid at the 122 and 160 codon of the S gene
(Norder et al, 1992). Lysine or arginine at the
122 codon determines the subtype of d or vy,
while that at the 160 codon determines the
subtype of w or r. In six father/fetus pairs, the
triplets of the 122 and 160 codon were AAA
(lysine), so all of them belonged to the subtype
adw. The results of direct sequencing showed
that the sequences of cases 3, 4, 5, 6 were
identical. Fig 2 shows the part sequences of
HBV DNA from case 4. The sequences of the
HBV DNA from the serum and spermatid of
the father and the serum of the fetus were
identical. Compared with the sequence in
Genebank (Norder et al, 1992), the case 4
sequence had two point mutations at positions
499 and 508. Nucleotide C was mutated to A
at positions 499, while C was mutated to G
at position 508. The two point mutations did
not result in phenotypic changes. Some nucle-
otides of the fetus in case 1 were different
from those of the father. The nucleotides at
positions 491, 494, 505, 544, 546, 581, 586,
592 were T, T, C, A, C, A, C, C in the father,
while A, A, T, C, A, T, T, T in the fetus. The
changes of nucleotides 544, 546 in case 2 were
the same as that in case 1. Mutation of T-to-
A at nucleotides 491 and 494 resulted in amino
acid substitutions from serine to threonine at
the 113 and 114 codon. Mutation of C-to-A at
nucleotide 546 resulted in amino acid substi-
tution from threonine to asparagine at codon
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131. Mutation of A-to-T at nucleotides 581
resulted in amino acid substitution from threo-
nine to serine at codon 143. The other point
mutations did not result in phenotypic changes.
There were five common point mutations in
this sequence of father/fetus pairs. They oc-
curred at nucleotide positions 493, 499, 508,
529 and 530. Only the point mutation of A-
to-G at nucleotide position 530 in case 3 resulted
in amino acid substitution from threonine to
alanine at codon 126. The others did not result
in phenotypic changes.

The sequences located at the nucleotide
positions 2022 ~ 2321 in the HBV C gene of
the fathers and fetuses in cases 7 and 8 were
identical, with a homology of 100% (Fig 3).
The number of common point mutations in the
sequence of this fragment in the father and
fetus was eleven. None of the mutations re-
sulted in phenotype changes.

DISCUSSION

The possibility of father-infant transmis-
sion of HBV has been discussed for a long
time. HBV markers, including antigens, anti-
bodies, HBV DNA were detected in semen and
spermatids by ELISA and dot hybridization
(Xu et al, 1992; Zhao et al, 1998). After using
the gene detection technique, the rate of de-
tected HBV DNA in sperm increased. It was
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HBVadw 451 CTATCAAGGT ATGTTGCCCG TTTGTCCTCT AATTCCAGGA TCATCAACCA CCAGCACCGG ACCATGCAAA

HBVadr -
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HBVadw 521 ACCTGCACGA CTCCTGCTCA AGGAACCTCT ATGTTTCCCT CATGTTGCTG TACAAAACCT ACGGACGGAA

HBVadr G— T

=T T

F1 A-
S1 A~
F2 A-
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S2 A~
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F3 AG

S3 AG

F6 A~
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HBVadw 591 ACTGCACCTG TATTCCCATC CCATCATCTT GGGCTTTCGC AAAATACCTA TGGGAGTGGG CCTCAGTCCG

HBVadr T

__G,.._T____

S1 -T

Fig 1-Sequences of HBV S gene nucleotides 451~660 from 6 pairs of father/fetus compared with those of HBVadw

and HBVadr (Norder et al, 1992).

*F: HBV from father’s serum; J HBV from father’s spermatid; S: HBV from fetus' serum; - nucleotide is
consistent with that of HBV adw; .. nucleotide overlapping (without reading frame shift).

reported that HBV infection was detected in
neonates born to mothers with negative HBV
serological markers was detected (Zhang et al,
1994). It was inferred that there might exist
the possibility of father-neonate transmission
of HBV. Our results proved HBV transmission
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from father to fetus before birth. The HBV
carrier father can transmit the virus to his fetus
via the spermatid. In the present study, HBV
DNA was not detected in the semen or sper-
matids of 2 HBV carrier fathers. Perhaps the
occurrence of HBV in semen, especidly in the
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A GCTAGTCTAGTCT

Fig 2-Direct sequencing of HBV S gene nucleotides
596 ~ 631 from father and fetus in case 4.
Sample |: serum from father; Sample I1: sper-
matid from father; Samplel11: serum from fetus.

spermatid, is not persistent, but intermittent.
The time difference between sperm collected
and the production of a fertilized ovum may
have been the cause of the negative results in
the 2 cases. Factors influencing the occurence
of HBV in the spermatid needs further study.
The homology of the HBV gene between the
father and his fetus is high.

In case 4, the sequences of the HBV gene
fragment from the serum and spermatid of the
father and the serum of the fetus were iden-
tical. Nucleotide mutations at position 508 were
al from C to G. This finding explained the
the molecular biological evidence of father-
fetus transmission in detail. The DNA sequences
in the S gene of HBV showed that six father/
fetus pairs had the same subtype adw. This
may be due to the fact that all of the cases
came from the same place. In addition, amino
acid substitutions were detected at codons 113,
114, 126, 131, and 143. Mutations at codons
126 and 131 are often seen in neonates who
have received injections of HBV vaccine. Mu-
tations at codons 113, 114 and 126 can be
detected in hepatitis B patients negative for
HBV serological markers (Luo, 1996). Hith-
erto, al of the mutations at codon 126 have

Vol 34 No.1 March 2003

had an amino acid substitution from threonine
to isoleucine without exception. Interestingly,
we found an amino acid substitution from
theronine to aanine at codon 126. Similar
studies on other condons were reported by
other scholars (Fan et al, 1997). This variant
needs to be studied further. The surface mem-
brane proteins of HBV are related to cellular
and humoral immunity. Since the main target
epitope for conventional immunization is lo-
cated in the middle fragment of the S gene
of HBV, mutationsin this fragment are directly
responsible for the production of neutralizing
antibodies. Infants infected with these HBV
variants would fail to acquire conventiona
immunization against HBV. In another words,
lack of response to vaccine resulting from
immune tolerance can be seen in paternal-fetal
transmission. The homology of the sequence
of 2022 ~ 2321 fragment in the C region
between the father and his fetus was 100%.
In addition, none of eleven common mutations
sites caused phenotypical changes. Perhaps this
was due to the conservative character of the
C gene.

Our data also demonstrated that only the
minor strain of the father's virus pool was
transmitted to his fetus. Most of the fathers
transmitted their advantageous strain to their
fetuses. For example, fathers in cases 4, 5 and
6 transmitted their wild-type strains to their
fetuses; the father in case 3 transmitted his
variant strain. In contrast, a small proportion
of the fathers, such as the fathers in cases 1
and 2, transmitted their minor strains from
their virus pool to their fetuses. The fathers
in cases 1 and 2 had wild-type strains, while
the fetuses had variant strains. It is, therefore,
possible that an undetectable minor HBV strain
was transmitted from a carrier father to his
fetus. This finding is consistent with current
opinion on the vertical transmission from mother
to infant (Luo, 1996).

Because infants who have been infected
with HBV from their fathers in utero will
suffer from alot of differing factors after birth,
such as immune pressure in their own bodies,
injection of HBV vaccine, etc, outcomes might
also differ. It is assumed that some infants may
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HBVadw 2022 CCTTAGAGTC TCCGGAACAT TGTTCACCTC ACCATACGGC ACTCAGGCAA GCTATTTTGT GTTGGGGTGA

HBVadr —C

F7 —C

S7 —C

F8

S8

HBVadw 2092 GTTGATGAAT CTAGCCACCT GGGTGGGAAG TAATTTGGAA GACCCAGCAT CCCGGGAATT AGTAGTCAGT

HBVadr —G

F7 —A -6

s7 —A -G

F8 ~—-A -G

#
=
O OO0 00

S8 -—A -G

HBVadw 2162 TATGTCAATG TTAATATGGG CCTAAAAATC AGACAACTAT TGTGGTTTCA CATTTCCTGT CTTACTTTTG

el
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A\

F7

S7

F8

!

I

QO OO

S8

HBVadw 2232 GAAGAGAAAC TGTTCTTGAA TATTTGGTGT CTTTTGGAGT GTGGATTCGC ACACCTCCTG CATATAGACC

HPBadr G

-T -T--C--—-

F7 -G

S7 -G

F8 -G

@D O

S8 -G
HBVadw 2302 ACCAAATGCC CCTATCTTAT
HPBadr
F7
S7
F8
S8

»

Fig 3-Sequences of HBV C gene nucleotides 2022~2321 from 2 pairs of father and fetus compared with those of

HBVadw and HBVadr (Noder et al, 1992).

develop a persistent, stable HBV infection and
form an advantageous HBV strain. Further
studies are required to provide evidence for
this proposition.
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