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Abstract

This paper reviews data on the mutual relationship between
pregnancy and viral hepatitis and the mother-to-infant transmission
of the virus. In the western world, hepatitis A, B or C do net seem
to influence the course of pregnancy, or to be associated with foetal
risks. In contrast, women who contract a hepatitis E infection in
their third trimester of pregnancy have a relatively high probability
to develop a fulminant hepatitis. Mother-to-infant transmission of
hepatitis A seems to be very uncommon. On the contrary, HBsAg
and HBeAg positive mothers have a 80-90% risk to transmit the
disease to their offspring, more than 85% of these becoming chronic
carriers of HBsAg. The risk depends on the level of viral replication.
In HBsAg positive and HBeAg negative mothers the rate of
transmission is only 2-15%, these babies rarely become carriers. A
possible explanation is the tramsplacental passage of the HBeAg
making the infant tolerant to the hepatitis B virus. As most of the
infections occur during or directly after delivery, the neonates are
suitable for postexposure prophylaxis. It is recommended by the
Centers for Disease Control and Prevention and the American
Academy of Pediatrics that newborns of HBsAg positive mothers
should receive hepatitis B immunoglobulins within 12 hours after
birth concurrently with the fixst paediatric dose of the vaccine.
Vaccination should be completed at 1 and 6 months. This regimen
confers a protective efficacy of = 909%. Vertical transmission of
hepatitis C is considered to be relatively rare, around 11% when
HCV-RNA is positive. The highest rates of vertical transmission of
HCY are noted in women with high HCV-RNA level or concurrent
HIV infection. The risk is extremely low when no HCV-RNA is
detected. There is currently no treatment to prevent this vertical
transmission ; routine screening of all mothers is unwarranted, and
pregnancies among HCV-positive mothers should not be discouraged,
but their infants should be tested for anti-HCV at 1 year and followed
for the development of hepatitis. Breast feeding does not seem to
play an important role in the transmission of hepatitis B and C.
(Acta gastroenterol. belg., 1999, 62, 21-29).
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Introduction

Viral hepatitis may be caused by a number of well
characterized taxonomically different viruses. Conven-
tionally the term is reserved for viral hepatitis caused
by hepatitis A (HAV), hepatitis B (HBV), hepatitis C
(HCV), Delta (HDV) and hepatitis E virus (HEV).

Hepatitis A is usually a disease of childhood or
adolescence in the Third World, where poor hygienic
conditions exist. In the western world it is a sporadic
infection and usually affects adults. The virus is a
picornavirus and is transmitted almost exclusively by
the faecal-oral route. Shedding of the virus in stool
begins approximately 2 weeks before the onset of
clinical symptoms and usually persists for only 1 or
2 weeks after the onset of illness. The entire infection
may be anicteric, but occasionally it is associated with

severe jaundice. In a very small number fulminant
hepatitis occurs. Most patients are completely free of
symptoms 1 to 2 months after the onset of their disease.
Except for fulminant hepatitis A there are no serious
sequelae or chronic forms of the disease.

Hepatitis B is caused by a virus belonging to the
hepadnaviridae. The clinical picture of acute hepatitis
B is similar to that of hepatitis A. Jaundice occurs in
a minority of patients. Five to 10 per cent of patients
infected in adult life enter a chronic phase. Persistent
active viral replication is characterized by the presence
of HBeAg and HBV-DNA by liquid hybridization in
serum. This condition can evolve to the HBsAg carrier
state, where HBeAg and HBV-DNA (liquid hybridi-
zation) are negative and active replication is absent.
Some patients infected with precore mutant type HBV
can show active replication despite the absence of
HBeAg ; HBV-DNA can be detected by liquid hybrid-
ization or branched DNA in serum.

HCV is a RNA virus belonging to the flaviviridae.
Its genome was first described in 1989. The acute phase
is often asymptomatic and usually anicteric. The ma-
jority of those infected become chronic carriers and
many of them develop slowly progressing chronic active
hepatitis and cirrhosis.

HDYV is a defective virus which replicates only in
the presence of HBV.

HEYV is a RNA virus belonging to the caliciviridae.
It occurs most frequently in epidemics in Asia, South
and Central America. The epidemiology and clinical
presentation are similar to that of HAV and it never
becomes chronic.

Recently Aepatitis G virus (HGV) has been identified :
it also belongs to the flaviviridae and has a structural
similarity with HCV, but few data have been presented
that this virus causes acute or chronic liver disease in
humans (1).

Although there is considerable overlap in the clinical
course of viral hepatitis, the complications may be
different. The differences between the viruses may have
variable implications in pregnancy on the health of
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mother and infant. The aim of this paper is to review
data on the mutual relationship between pregnancy and
viral hepatitis and the mother-to-infant transmission of
viral hepatitis. Each infection will be discussed scpar-
ately.

1. Hepatitis A

Acute hepatitis A in pregnancy does not appear to
carry a different prognosis than in the nonpregnant
patient (2). In developing countries a higher incidence
of fulminant disease associated with acute hepatitis A
infection during pregnancy has been reported. The
reason is uncertain, malnutrition has been suspected (3).
There is no evidence that hepatitis A causes birth
defects (4). Clinical management of pregnant patients
with hepatitis A does not differ from that of those who
are not pregnant.

Vertical transmission through the faecal-oral route
during delivery or postpartum from an accutely ill
mother to the neonate is described (5,6). In those rare
circumstances in which the mother has acute hepatitis
A infection at the time of delivery, immune serum
globulin may be administered to the infant, especially
if the mother cares for the baby after delivery. Even
under these conditions the risk of transmission to the
infant seems very small. Recently, transmission of HAV
in utero was described (7).

2. Hepatitis B

2.1. Mutual relationship of hepatitis B and pregnancy

Acute hepatitis B infection in pregnant women is no
more severe than in non-pregnant women, and is
mostly self-limiting (8). Little is known on the effects
of pregnancy on the HBV-carrier state. Reactivation (9)
and subsidence of viral replication (10) during preg-
nancy was described.

Early reports suggested that pregnancies complicated
by maternal hepatitis, presumed to be type B, were
associated with an increased frequency of abortions,
congenital malformations and stillbirths. Others could
not confirm such relationship. Inadvertent HBV expo-
sure of preembryos with contaminated in vitro fertil-
ization culture medium did not result in any demon-
strable damage (11). A retrospective study of 60 preg-
nant HBsAg carrier women and an equal number of
controls without HBV infection showed that pregnancy
course and outcome were not affected by hepatitis B
antigenaemia (12).

2.2. Mother-to-infant transmission

In areas of low endemicity, infection occurs predom-
inantly in adults and largely as a result of sexual
contact. In areas of intermediate and high endemicity,
infection occurs predominantly in infants as a result
of mother-to-infant transmission (vertical transmission)
or close contact early in life (horizontal transmission).
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However, also in the western world maternal-foetal
transmission is well recognized and presents a major
problem to both obstetrician and paediatrician.

2.2.1. Time of transmission

Indirect evidence suggests that mother-toinfant trans-
mission occurs mainly (> 90%) during or directly after
delivery. Most infants become HBsAg + between one
and 6 months of age, pointing to labour and delivery
as the time of transmission of HBV. Mechanisms for
the proposed transmission of HBV at or shortly after
birth include mixing of maternal and foetal blood
during labour, trauma associated with the birth process,
minor skin abrasions of the foetus and ingestion of
contaminated fluid during labour. It has been shown
that HBV can be transmitted by the oral route although
the oral dose needs to be 50 times as high as that
required for the parenteral route.

In utero transmission of HBV occurs, the extent of
which is not exactly known. The rate of transmission
across the placenta is estimated 2 to 10% (13). Some
authors believe that the infants who cannot be protected
by immunoprophylaxis after delivery have an already
established infection at birth (14,15). Hepatitis B par-
ticles and HBsAg are considered not to pass the
placenta. Contamination by transplacental leakage of
HBV positive maternal blood induced by uterine
contractions during pregnancy in case of threatened
abortion or premature labour was suggested to have
an important role in the occurrence of intrauterine
infections. The contraction of uterine muscles could
cause partial breakdown of placental villi in threatened
abortion or premature labour and may result in
microhaematological leaks across the placenta (16,17).

Even when not infected during the perinatal period,
infants of HBV-infected mothers remain at risk of
acquiring HBV infection by horizontal transmission
during the first years of life (18). The breast milk of
HBsAg + mothers is often found to be positive for
HBsAg, but seems not to play a decisive role in the
transmission of HBV (19).

2.2.2. Factors determining perinatal transmission of HBV

The perinatal transmission of HBV is dependent on
time of onset of acute hepatitis B during pregnancy,
and on the presence of serological markers of high
infectivity (HBeAg, HBV-DNA) in the case of chronic
infection in the mother.

‘Women having acute hepatitis B in the first or second
trimester rarely transmit HBV to their neonates. How-
ever, if the mother suffers from acute hepatitis B during
the last trimester of pregnancy, the risk of transmission
is about 70% (120).

In chronic hepatitis B, among mothers who are
HBeAg + the risk of transmitting the HBV to their
offspring is 80-90%. More than 85% of their infected
infants will become chronic HBsAg carriers (21,22).
The risk of mother-to-infant transmission is related to
the level of HBV-DNA in the sera of the mother.
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Infants of HBsAg as well as HBeAg + mothers with
HBV-DNA > 5 pg/ml had a significant higher risk
of acquiring HBV-carrier state (30/38, 79% at the age
of 3 years) than the infants of mothers with low levels
of HBV-DNA (0/9) (23). The rate of transmission is
about 2-15% when the mother is HBsAg + and HBeAg
negative ; in almost all of these infants the HBsAg +
state was transient : these babies rarely (10-15%) become
carriers through perinatal transmission (22,24). Infection
of infants born to HBeAg negative mothers has been
associated with fulminant disease (25,26). This outcome
has been linked to a HBV variant having a mutation
in the precore region of the genome (27).

2.2.3. Pathogenesis of carriership in neonates

Until recently, the frequent evolution to chronicity
of hepatitis B infection in neonates was considered to
be due to immaturity of the immune system at birth.
However, this seems unlikely as neonates have been
shown to react very well to hepatitis B vaccination.
Thomas et al. (28) postulated that HBeAg, which in
contrast to HBsAg is able to pass the placenta, may
induce tolerance to HBV in neonates through specific
suppressor T cells that inhibit the host defence mech-
anism. As HBeAg in cord serum is only IgG-bound
(29), it is suggested that it is transferred from a HBeAg
postitive carrier mother to the foetus by a specific
trophoblast receptor-mediated mechanism for IgG dur-
ing the gestational period. Milich ez al. (30) suggested
from experiments in transgenic mice that a helper T
cell tolerance specific for HBcAg/ HBeAg may be the
basic immunologic effect in neonates born to HBeAg
positive carrier mothers. Hsu ez al. (31) showed absence
of proliferative response of peripheral blood monon-
uclear cells to HBcAg in HBeAg positive children with
normal aminotransferase levels born to HBV carrier
mothers. Also peripheral blood mononuclear cells from
neonates born to anti-HBe positive carrier mothers do
not proliferate to HBcAg. These children are rarely
infected in the perinatal period because of very low
or undetectable HBV-DNA. In one infant born to a
carrier mother positive for antiHBe who contracted
acute hepatitis B showed significant proliferative re-
sponse to HBcAg. This also explains why infection
occurring in infants born to HBsAg + and HBeAg
negative mothers usually is transient or fulminant
rather than chronic, as no tolerance has been induced
in utero (32,33). It was recently shown that immune
tolerance to HBV in children is an important factor
preventing the emergence of the precore stop codon
mutant in children. This mutant is a result of host
immune selection in these children (34).

2.2.4. Prevention of mother-to-infant transmission of HBV

Prenatal testing of pregnant women for HBsAg
makes it possible to identify in advance those infants
at risk for HBV infection. Ideally, the identification of
HBsAg carriers should occur late in the third trimester
or at the time of delivery. The Centers for Disease
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Control and Prevention advocate HBsAg determination
at the first antenatal care in combination with screening
for other routine prenatal tests (35). In HBsAg negative
women belonging to a risk group (intravenous drug
use, sexually transmittable diseases) and in patients
with clinical hepatitis, serology for HBV should be
repeated in the third trimester. HBsAg + women
identified during screening may have HBV-related liver
disease and should be evaluated. Women admitted for
delivery who have not had prenatal HBsAg testing
should have blood drawn for testing. When the lab
tests are pending for more than 12 h after delivery,
administration of hepatitis B immunoglobulins (HBIg)
to the newborn should be considered.

If HBV infection is diagnosed during pregnancy,
invasive prenatal procedures like amniocentesis is not
advised and should be avoided too, even though the
risk of infection was reported to be small. Prolonged
labour should be avoided. At present, caesarean section
is not recommended as means of preventing maternal-
foetal transmission of HBV. Breast feeding needs not
to be discouraged (19).

The finding that HBV is mainly transmitted at birth
and not transplacentally makes infants suitable for
postexposure prophylaxis at birth.

Passive immunization with HBIg, a preparation
containing high concentrations of antibodies to the
HBsAg, was among the first methods used to prevent
HBYV infection. The timing of the initial administration
of HBIg is important : HBIg are most effective if given
within the first 2 days of life, and the administration
of HBIg as soon as possible after birth (preferably
within 12 h) has been recommended (14). A Taiwanese
study showed that the protective efficacy of a single
1 ml dose of HBIg at birth was 429% rising to 71%
in infants receiving 0.5 ml at birth, at 3 and 6 months.
HBIg also prolonged the time of onset of infection,
beyond 6 months of age (36,37). Delay in administration
of passive immunization beyond 48 h significantly
decreases the protective effficacy.

Several studies have demonstrated the safety and
immunogenicity of both plasma derived and recom-
binant vaccines in newborns (38). Administration
schemes of both plasma derived and recombinant
vaccines feature 2 or 3 intramuscular injections at
monthly intervals, followed by a booster injection 6
to 12 months after the first dose. Premature infants
do not have a reduced immune response as compared
to term infants (39). An impaired response to HBV
vaccine is observed in infants undergoing haemodialysis
(40), infants with malignancies (41) and HIV infected
infants (42).

Efforts to further reduce the chronic carrier rate and
to prevent late infections in infants of HBsAg +
mothers focus on the combination of passive and active
immunization (38). Passively acquired antibody does
not interfere with active immunization response to the
vaccine. Several observations support the concurrent
use of HBIg for the immediate protection and vaccine
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for the prolonged protection. With lower dosages of
the vaccine, simuitaneous use of HBIg is more impor-
tant than with higher dosages to elicit good protection
(protective efficacy = 909%). Vaccination courses with
higher vaccine dosages give high protective effcacies
without concomitant HBIg administration at birth,
provided that the first vaccine dose is given at birth
and that the second dose follows within 2 months (38).
Multiple doses of HBIg have no added advantage over
a single dose when followed by hepatitis B vaccination.
If vaccination is started at birth, there is no need for
a second dose of HBIg. In combined regimens the
timing of the first dose of vaccine does not appear to
be critical. Late active immunization starting at 3
months of age appears to provide similar protective
efficacy as active immunization starting at birth with
HBIg at 0 and 3 months of age (36,37,43). The
recommendations of the CDC (35) and the American
Academy of Paediatrics (34) indicate that a newborn
of a HBsAg positive mother should receive 0.5 ml HBIg
within the first 12 hours after birth, concurrently with
the first paediatric dose of the vaccine. Vaccination
should be completed at 1 and 6 months. Protection
of HBV infection appears long-lasting, although anti-
HBs titres decrease with time. Asymptomatic break-
through infections seldom occur, even if antibodies are
no longer detectable. So far, it appears that there is
no need for booster doses, but further follow-up is
necessary to confirm such a recommendation. In Bel-
gium, a standard prevention policy does not exist, and
the above mentioned recommendations seem to be
insufficiently known by paediatricians and gynaecolo-
gists (45).

A major clinically relevant factor influencing the
protective efficacy rate is the maternal level of
HBVDNA (23,46,47 ; Table I).

Failure of passive-active immunization to protect
against perinatally transmitted HBV may be due to
established infection from in utero transmission (13),
high level of maternal HBV-DNA (19,36,37), inade-
quate active antibody response to the vaccine (4042)
or the emergence of S-gene mutations (48-51). Addi-
tional preventive measures should be offered to infants
from HBeAg positive mothers with high serum levels
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of HBV-DNA : administration of additional doses of
HBIg at birth, to increase the capacity to neutralize
HBV (52), or delivery through caesarean section, to
reduce the amount of HBV acquired by maternal-foetal
transfusion (47). There is uncertainty about the rele-
vance and frequency of S-gene variants associated with
vaccine failure. In all series, a significant number of
vaccinees (about 159%) develop antiHBc, indicating
infection, the amount of clinically relevant infection,
indicated by carriers, however, being low (about 29%)
(53,54). It is unclear whether the main driving force
for selection is active (vaccine-induced) or passive
(HBIg) antibody. The most common variants are in
the amino-acid 139-147 loop or, less frequently, around
the tight loop between amino-acids 121-124 ; these
loops are spatially close and constitute the neutralising
epitopes of the S-gene (54). The fact that a single
amino-acid substitution can lead to a dramatic antigenic
change is most important as the pressure on HBV to
evolve and select mutants that can replicate in vacci-
nated individuals increases with widened vaccine cov-
erage (53). The situation has to be carefully monitored.
A possible role for third generation vaccines, containing
pre-S, in order to avoid escape mutants in the S region,
should be further investigated (54).

A summary of the risk factors and prevention of
perinatal transmission is presented in Fig. 1.

3. Hepatitis C

3.1. Mutual relationship of hepatitis C and pregnancy

The course of hepatitis C infection seems not to be
different in pregnant women. There are no reports of
foetal or neonatal abnormalities in association with
maternal HCV infection. Survival and prematurity
rates are comparable regardless of the mother’s HCV
antibody status (55).

3.2. Mother-to-infant transmission

In contrast to HBV, where vertical transmission is
an important route, controversial results have been
reported on mother-to-infant transmission of HCV,

Table 1. -— Maternal level of HBV-DNA and vertical transmission of HBV
in hepatitis B carrier mothers in spite of combined active and passive immunization

Author (ref.) Immunization schedule HBV-DNA* HBV-carrier at age
infants

Lee et al. HBIg 50 IU combined with 0 0/7 6 months
(1988) (37) vaccination at 1, 5, 9 weeks, 1 year | 0.3-10 pg/ml 6/16 (37.5%)

11-80 pg/ml 10/18 (55.5%)

> 80 pg/ml 2/2 (100%)
Ipetal HBIg 200 IU combined with < 5 pg/ml 0/13 3 years
(1989) (19) vaccination at 0, 1, 2, 6 months > 5 pg/ml 9/51 (17.6%)
del Canho ef al. | HBIg 2-300 IU combined with < 6 pg/mi 0/24 1 year
(1994) (36) vaccination at 1, 2, 3, 12 months 7-150 pg/ml 0/24

> 150 pg/ml 7/24 (29%)

* Liquid hybridisation.
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L Pregnancy —I
I
[ 1

l Screening HBsAg in all women ! lScreening anti-HCV in women at risk‘

[ positive L positive I

[ I ] I ] 1

HBeAg positive | I HBeAg negative I I HCV-RNA positive ] r HCV-RNA negative
fransmission rate 80-90% transmission rate 2-15% transmission rate ca 11% transmission rate < 1%
of which >85% chronic carriers of which 10-15% carriers
Newborn: Newbom:

HBIg0.5ml<12h anti-HCV testing at 12-24 months
Vaccination at 0,1,6 months - or HCV-RNA testing soon after birth
Breast feeding not contraindicated Breast feeding not contraindicated

Fig. 1. — Risk factors and recommendations concerning vertical transmission of chronic HBV and HCV in pregnancy.

3.2.1. Does vertical transmission of HCV occur ? An average transmission rate of 6% is supposed (82).
Table II summarizes the data on transmission of HCV
to newborns from mothers who were anti-HCV positive
and HCV-RNA positive from 22 studies (56-70, 75-81)
and from mothers shown to be anti-HCV positive but
HCV-RNA negative from 17 studies (57, 61-63, 65-70,
75-81) where these data could be retraced. In the former
group an average transmission rate of 59/525 (11.2%)
3.2.2. Frequency of vertical transmission of HCV is noted, in the latter group of only 2/233 (0.8%). The
global transmission rate in the above mentioned studies
is 61/758 (8.0%).

Using sensitive PCR assays, perinatal transmission
of HCV has been unequivocally demonstrated by
presence of HCV-RNA in some infants born to infected
mothers (56-71). Furthermore, several studies revealed
almost identical genomic sequences in mothers and
their infected infants (61,71-74).

The reported rates of vertical transmission of HCV
vary greatly from 0% (75-81), to 809% (Thaler 1991).

Table II. — Vertical transmission of HCV from anti-HCV positive mothers
according to their HCV-RNA status

Author (year) Country Infected Infected Ref
children/total children/total
number of children number of children
born to HCV-RNA + born to HCV-RNA -
mothers mothers
Thaler ez al. (1991) us 8/8 56
Novati et al. (1992) France 3/6% 1/2 57
Reinus ez al. (1992) us 0/17 0/6 75
Wejstal et al. (1992) Sweden 3/21 58
Kurauchi et al. (1993) Japan 0/17 0/3 76
Marcellin er al. (1993) | France 0/14 0/12 77
Roudot-Thoraval ef al. | France 0/8 0/9 78
(1993)
Lin e al. (1994) Taiwan 1/15 59
Ni ef al. (1994) Taiwan 2/11 60
Ohto ez al. (1994) Japan 3/32 0/22 61
Giacchino et al. (1995) | Italy 2/19 0/12 62
Manzini ez al. (1995) Ttaly 0/27 0/8 79
Matsubara ef al. (1995) | Japan 3/21 0/10 63
Moriya et al. (1995) Japan 2/87 64
Paccagnini et al. (1995) | Ttaly 9/23 1/14 65
Resti et al. (1995) Italy 5/12 0/10 66
Zanetti et al. (1995) Ttaly 8/64 0/52 67
Zuccotti et al. (1995) Italy 6/21 0/16 68
Benali et al. (1996) France 1/34 0/16 69
Fischieretal. (1996) Sweden 0/40 0/14 80
Pipan et al. (1996) Ttaly 0/18 0/7 81
Sabatino et al. (1996) Ttaly 3/10 0/20 70
Total 59/525 (11.2%) 2/233 (0.8%)

* including 1 mother considered indeterminate because of discordant result of 2 assays.
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3.2.3. Factors influencing the transmission rate

- The risk of vertical transmission seems to be
related to the maternal viremia levels. It was reported
that all mothers who transmitted HCV to their infants
had HCV-RNA titers of at least 106 genome equivalents
per ml as determined by quantitative PCR (61) or
5 X 106 genome equivalents per ml by branched DNA
assay (64). Lin ez al. (59) reported vertical transmission
in only 1 neconate of a mother with an extremely high
titer of HCV-RNA (1010 copies/ml with competitive
PCR) and not in the remaining 14 neonates born to
mothers with moderate amounts of HCV-RNA (105-106
copies/ ml). However, no vertical transmission of HCV
was observed by Pipan et al. (81), not even in mothers
with HCV-RNA above 106 genome equivalents per ml
as detected by branched DNA. Mothers being anti-
HCYV positive but HCV-RNA negative only very rarely
seem to transmit HCV (Table II). Most reports give
no transmission, only Novati (57) and Paccagnini (65)
reported 1 transmission each.

— HIV coinfection seems to result in higher rates of
perinatal infection, ranging from 0 to 36% (56,57,65,67,
74,80) with an average of 16% (82). It is supposed that
HIV-induced immunosuppression results in higher vire-
mia levels as was demonstrated by Zanetti et al. (67).

— The influence of genotypes of HCV in vertical
transmission is unclear. Zucotti er al. (68) detected
HCV infection in 6/ 13 infants born to women infected
with HCV genotypes 1b or 3a but none of 8 whose
mothers have 1a or 2b infection. Other authors (61,64,
67,74) reported no evidence of selective transmission
of particular HCV genotypes.

3.2.4. Time of transmission

As cord blood samples mostly are found HCV-RNA
negative in infected infants, becoming positive after 1
week to 3 months (63,65,70), transmission of HCV is
most probably caused by exposure to the mother’s
blood during delivery. There are insufficient data on
the influence of the mode of delivery on the rate of
HCYV transmission : Chang et al. (83) reported a signifi-
cantly higher rate of HCV transmission in infants
delivered vaginally compared with caesarean section,
this was not the case in the report of Fischler ez al. (80).

3.2.5. Influence of breast feeding

HCV-RNA was detected in colostrum of HCV
infected mothers, although in much lower titers as in
serum (84). However, there is no evidence of trans-
mission of HCV by breast feeding (79,80,84).

3.2.6. Prevention of vertical HCV transmission

Although administration of immune serum globulin
has been recommended to prevent perinatal transmis-
sion of non-A, non-B hepatitis (85), there are no studies
of the efficacy and safety of immune serum globulin
for prevention of perinatal transmission of HCV (86,87).
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3.2.7. Course of the disease in infants

In almost all newborns infected with HCV from their
mother the disease runs a symptom-free course and
is detected by screening. As in adults, approximately
80% of the children become chronically infected. A
review of current data is given by Bernard (§8).
Passively acquired HCV antibodies are lost within 18
months of life and their persistence means HCV
infection (65).

3.2.8. Recommendations

Pregnancy is not considered contraindicated in HCV-
infected individuals (89). Since the perinatal transmis-
sion rate of HCV is low and there are no measures
to prevent perinatal infection, universal screening is not
considered cost-effective. In risk groups (intravenous
drug users, prostitutes, women with HIV infection,
patients who received blood transfusions before the
routine HCV testing, women whose partners are serop-
ositive, women with other sexually transmittable dis-
eases, women with multiple sexual partners) HCV
screening is advisable. When HCYV infection is docu-
mented, HCV-RNA determination is useful. When
HCV-RNA is repeatedly negative, HCV vertical trans-
mission is almost excluded. When HCV-RNA is pos-
itive, perinatal counseling regarding the neonatal risk
of HCV infection should be offered. Currently, data
are lacking to support any change in routine perinatal
or labor practices in patients with HCV. There is no
evidence that breast feeding transmits HCV from
mother to baby ; therefore it is considered safe (89).
Babies born to HCV-positive women should be tested
for anti-HCV at 1 year (89) or 18-24 months (90). Other
authors recommend HCV-RNA screening soon after
birth and in case of negativity, repeating the assay at
6 and 12 months of age (82).

A summary of the risk factors and the recommen-
dations concerning HCV in pregnancy is presented in
Fig. 1.

4. Delta hepatitis

HDV is rare in pregnant women and is uncommonly
transmitted to infants (91).

5. Hepatitis E

A high probability to develop fulminant hepatitis E
infection has been reported among women who contract
a hepatitis E infection in their third trimester of
pregnancy (92,93). A case fatality rate of more than
20% has been described. Spontaneous abortion and
intrauterine death appear to be common in pregnant
women infected with hepatitis E. There has been
reported a higher rate (12.49%) of abortion and intraute-
rine death among women with nonfulminant and
uncomplicated hepatitis E infection (93). Recently, two
cases of severe hepatitis E in pregnancy in patients
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returning to the UK from the Indian subcontinent were
reported (94).

Little is known about vertical transmission of he-
patitis E from infected mothers to their infants. Re-
cently, 8 babies born to mothers infected with HEV
in the third trimester were studied (95). The authors
concluded that 6/8 infants born from mothers with
HEV in the third trimester had clinical, serological or
virological evidence of HEV infection: 5 had HEV-
RNA in cord or birth blood (2 died within 24 h having
elevated ALT, 1 was icteric with raised ALT, 2 had
elevated ALT suggesting anicteric hepatitis) ; in 1 infant
with normal liver tests and absence of HEV-RNA at
birth ; the HEV antibodies persisted at 6 months of
age. In the remaining 2 infants with normal liver tests
and no detectable HEV-RNA at birth, HEV antibodies
disappeared before 6 months of age, suggesting passive
transmission of IgG antibodies. It can be concluded
from these data that HEV is commonly transmitted
from infected mothers to their babies, that there is
intrauterine transmission and that this transmission
causes significant perinatal morbidity and mortality. It
may be speculated that intrauterine HEV infection may
lead to abortion and intrauterine death, common in
pregnant women with HEV.

6. Hepatitis G

Preliminary data indicate that the risk of vertical
transmission seems to be high (30-60%) (96-99), asso-
ciated with high maternal viremia (99) and independent
of the transmission of HCV (98). The clinical signif-
icance of HGV, however, remains to be established (1).

7. Other viruses

Other viruses may also cause medical consequences
during pregnancy. Cytomegalovirus may cause hepatitis
during pregnancy, even of the fulminant type and often
with congenital infection of the newborn (100). Measles
during pregnancy may cause maternal hepatitis and
adverse outcomes for the infant: ie. prematurity,
spontaneous abortion and death (101).

References

1. THEODORE D., LEMON S.M. GB virus C, hepatitis G virus, or
Human Orphan Flavivirus ? Hepatology, 1997, 25 : 1285-1286.

2. DINSMOOR M.J. Hepatitis in the obstetric patient. Infect. Dis. Clin.
N. Amer., 1997, 11 : 77-91.

3. HIEBER J.P., DALTON D., SHOREY J., COMBES B. Hepatitis and
pregnancy. J. Pediatr., 1977, 91 : 545-549.

4. ZHANG R.-L., ZENG J.-5., ZHANG H.-Z. Survey of 34 pregnant
women with hepatitis A and their neonates. Chin. Med. J., 1990, 103 :
552-555.

5. WATSON J.C., FLEMING D.W.,, BORELLA AJ., OLCOTT E.S,,
CONRAD R.E., BARON R.C. Vertical transmission of hepatitis A
resulting in an outbreak in a neonatal intensive care unit. J. Infect. Dis.,
1993, 167 : 567-571.

6. TANAKA 1, SHIMA M., KUBOTA Y., TAKAHASHI Y., KAWA-
MATA O., YOSHIOKA A. Vertical transmission of hepatitis A virus.
Lancet, 1995, 345 : 397.

27

7. LEIKIN E., LYSIKIEWICZ A., GARRY D., TEJANI N. Intrauterine
transmission of hepatitis A virus. Obsterr. Gynecol., 1996, 88 : 690-691.

8. RUSTGI VK., HOOFNAGLE J.H. Viral hepatitis during pregnancy.
Sem. Liver Dis., 1987, 7, 40-46.

9. RAWAL B.X., PARIDA S., WATKINS R.P.F, GHOSH P.,, SMITH H.
Symptomatic reactivation of hepatitis B in pregnancy. Lancet, 1991, 337 :
364.

10. LIN H.-H., CHEN P.-J., CHEN D.-S.,, SUNG J.-L., YANG K.-H.,
YOUNG Y.-C, LIUO Y-S, CHEN Y.-P, LEE T-Y. Postpartum
subsidence of hepatitis B viral replication in HBeAg-positive carrier
mothers. J. Med. Virol., 1989, 29 : 1-6.

11. VAN OS H.C., DROGENDILIK A.C., FETTER WPF, HEL-
TINK R.A., ZEILMAKER G.H. The influence of contamination of
culture medium with hepatitis B virus on the outcome of in vitro
fertilization pregnancies. Am. J. Obstet. Gynecol., 1991, 165 : 152-159.

12. PASTOREK J.G., MILLER J.M. Jr., SUMMERS PR. The effect of
hepatitis B antigenemia on pregnancy outcome. Am. J. Obstet. Gynecol.,
1988, 158 : 486-489.

13. LI L., SHENG M.-H., TONG S.-P., CHEN H.-Z., WEN Y M. Trans-
placental transmission of hepatitis B virus. Lancer, 1986, 2 : 872.

14. BEASLEY R.P, HWANG L.-Y, LIN C.-C., STEVENS CE,
WANG K.-Y.,, SUN T.-S., HSIEH E-J., SZMUNESS W. Hepatitis B
immune globulin (HBIG) efficacy in the interruption of perinatal
transmission of hepatitis B carrier state. Lancer, 1981, 2 : 388-393.

15. STEVENS CE., TOY P.T.,, TONG M.J,, TAYLOR PE, VYAS G.N,,
NAIR PV., GUDAVALLI M., KRUGMAN 8. Perinatal hepatitis B
virus transmission in the United States. J. Am. Med. Ass., 1985, 253 :
1740-1745.

16. LIN H.-H., LEE T.-Y., CHEN D.-S., SUNG J.-L.,, Ohto H., ETOH T.,
KAWANA T., MIZUNO M. Transplacental leakage of HBeAg-positive
maternal blood as the most likely route in causing intra-uterine infection
with hepatitis B virus. J. Pediatr., 1987, 111 : 877-881.

17. OHTO H., LIN H.-H, KAWANA T., ETOH T, TOYAMA H.
Intrauterine transmission of hepatitis B virus is closely related to placental
leakage. J. Med. Virol., 1987, 21 : 1-6.

18. BEASLEY R.P., HWANG L.-Y. Postnatal infectivity of hepatitis B
surface antigen-carrier mothers. J. Infect. Dis., 1983, 147 : 185-190.

19. BEASLEY R.P., STEVENS C.E., SHIAO L-S., MENG H.-C. Evidence
against breastfeeding as a mechanism for vertical transmission of hepa-
titis B. Larncet, 1975, 2 : 740-741.

20. TONG M.J, THURSBY M., RAKELA J. McPEAK C., ED-
WARDS V.M., MOSLEY J.W. Studies on the maternalinfant transmis-
sion of the viruses which cause acute hepatitis. Gastroenterology, 1981,
80 : 999-1004.

21. BEASLEY R.P, TREPO C.,, STEVENS CE., SZMUNESS W. The
e antigen and vertical transmission of hepatitis B surface antigen. Am.
J. Epidemiol., 1977, 105 : 94-98.

22. STEVENS C.E., NEURATH R.A., BEASLEY R.P., SZMUNESS W.
HBeAg and antiHBe detection by radioimmunoassay : correlation with
vertical transmission of hepatitis B virus in Taiwan. J. Med. Virol., 1979,
3:237-241.

23. IP HM.H,, LELIE PN., WONG V.CW., KUHNS M.C., REESINK
H.W. Prevention of hepatitis B virus carrier state in infants according
to maternal serum levels of HBV DNA. Larncet, 1989, 1 : 406-410.

24. OKADA K., KAMIYAMA I, INOMATA M., IMAI M., MIYA-
KAWA Y., MAYUMI M. e Antigen and anti-¢ in the serum of asympto-
matic carrier mothers as indicators of positive and negative transmission
of hepatitis B virus to their infants. N. Engl J. Med., 1976, 294 : 746-
749.

25. DELAPLANE D., YOGEV R., CRUSSI F., SHULMAN S.T. Fatal
hepatitis B in early infancy : the importance of identifying HBsAg-positive
pregnant women and providing immunoprophylaxis to their newborns,
Pediatrics, 1983, 72 : 176-180.

26. SINATRA FR., SHAH P, WEISSMAN J.Y., THOMAS D.W,, MER-
RITT R.J., TONG M.J. Perinatal transmitted acute icteric hepatitis B
in infants born to hepatitis B surface antigen-positive and anti-hepatitis
Be-positive carrier mothers. Pediatrics, 1982, 70 : 557-559.

27. TERAZAWA S., KOJIMA M., YAMANAKA T., YOTSUMOTO S.,
OKAMOTO H., TSUDA F., MIYAKAWA Y., MAYUMI M. Hepatitis B
virus mutants with precore-region defects in two babies with fulminant
hepatitis and their mothers positive for antibody to hepatitis Be antigen.
Ped. Res., 1991,29:59.

28. THOMAS H.C,, LEVER AM.L., SCULLY L.-J., PIGNATELLI M.
Approaches to the treatment of hepatitis B virus and Delta-related disease.
Sem. Liver Dis., 1986, 6 : 34-41.

29. ARAKAWA K., TSUDA F, TAKAHASHI K., ISE L, NAITO S,
KOSUGI E., MIYAKAWA Y., MAYUMI M. Maternofetal transmission
of IgG bound hepatitis B ¢ antigen. Pediatr. Res., 1982, 16 : 247-250.

Acta Gastro-Enterologica Belgica, Vol. LXII, January-March 1999



28

30.

31

32

33.

34.

35,

36.

37.

38.

39.

40.

41.

42.

43,

45.

46.

a7.

48.

49.

. AMERICAN ACADEMY OF PEDIATRICS. Hepatitis

MILICH D.R., JONES J.E., HUGHES J.L., PRICE J., RANEY AK,
McLACHLAN A. Is a function of the secreted hepatitis B e antigen
to induce immunologic tolerance in utero ? Proc. Natl. Acad. Sci. USA,
1990, 87 : 6599-6603.

HSU H.-Y., CHANG M.-H., HSIEK K.-H., LEE C.-Y,, LIN H.-H,,
HWANG L.-H., CHEN P-J., CHEN D.-S. Cellular immune response
to HBcAg in mother-to-infant transmission of hepatitis B virus. Hepa-
tology, 1992, 15 : 770-776.

CHANG M.-H., LEE C.-Y, CHEN D.-S., HSU H.-C., LAI M.Y.
Fulminant hepatitis in children in Taiwan : the important role of hepatitis
B virus. J. Pediatr., 1987, 111 : 34-39.

DUPUY J. M., FROMMEL D., ALAGILLE D. Severe viral hepatitis
type B in infancy. Lancer, 1975, 1 : 191-194.

CHANG M.-H., HSU H.-Y, NI Y.-H., TSAI K.-S., LEE P-I,
CHEN P.-J., HSU Y.-L., CHEN D.-S. Precore stop codon mutant in
chronic hepatitis B virus infection in children : its relation to hepatitis
B ¢ seroconversion and maternal hepatitis B surface antigen. J. Heparol.,
1998, 28 : 915-922.

CENTERS FOR DISEASE CONTROL. Hepatitis B : a comprehensive
strategy for eliminating transmission in the United States through
universal childhood vaccination : recommendation of the Immunization
Practices Advisory Committee (ACIP). MMWR, 1991, 40 : 1-25.
BEASLEY R.P., HWANG L.-Y,, LEE G.C.-Y., LAN C-C,,ROAN C-H.,
HUANG F.-Y., CHEN C.-L. Prevention of perinatally transmitted hep-
atitis B virus infections with hepatitis B immune globulin and hepatitis B
vaccine. Lancet, 1983, 2 : 1099-1102.

BEASLEY R.P, HWANG L.-Y, STEVENS CE, LIN C-C,
HSIEH F.-J., WANG K.-Y., SUN T.-S., SZMUNESS W. Efficacy of
hepatitis B immune giobulin for prevention of perinatal transmission of
the hepatitis B virus carrier state : final report of a randomized double-
blind, placebo-controlled trial. Hepatology, 1983, 3 : 135-141.

ANDRE FE., ZUCKERMAN A.J. Review: Protective efficacy of
hepatitis B vaccines in neonates. J. Med. Virol., 1994, 44 : 144-151.

DEL CANHO R., GROSHEIDE PM., GERARDS L.J., HEIJ-
TINK R.A., SCHALM S.W. Hepatitis B vaccination and preterm infants.
Ped. Inf. Dis. J., 1993, 12 : 407-408.

CALLIS LM., CLANXET J, FORTUNY G., CABALLERIA J,
CARRASCO J.L., LARDINOIS R. Hepatitis B virus infection and
vaccination in children undergoing hemodialysis. Acta Paediatr. Scand.,
1985, 74 : 213-218.

ENTACHER U., JURGENSSEN O., THUN-TOHENSTEIN L, SIM-
BRUNER G., KHOSS A, WANK H., NEUWIRTH G., GADNER H,,
FRISCH-NIGGENMEYER W. Hepatitis B vaccination and immune
response in children with malignant diseases. Fur. J. Pediatr., 1985, 144 :
160-163.

ZUIN G., PRINCIPI N., TORNAGHI R., PACCAGNINI S., RE M.,
MASSIRONI E., RAGNI M.C. Impaired response to hepatitis B vaccine
in HIV infected children. Vaccine, 1992, 10 : 857-860.

GROSHEIDE PM., DEL CANHO R., VOOGD M., HEIJTINK R.A,
SCHALM S.W. and the Dutch Study Group on Prevention of Neonatal
Hepatitis B. Anti-HBs levels in infants of hepatitis B carrier mothers
after delayed active immunization with recombinant vaccine concomitant
with DTP-polio vaccine : is there need for a second dose of HBIg?
Vaccine, 1994, 12 : 1059-1063.

B. In:
PETER G., Red Book : Report of the Committee on Infectious Diseases.
23rd ed. Elk Groove Village, 11, 1994 : 224-238.

DE GROOTE K., VAN DAMME P, DEPRETTERE A., MI-
CHIELSEN P. Prevention of vertical transmission of hepatitis B virus
infection. 1s there a standard policy in Flanders (Belgium)? Acta
Gastroenterol. Belg., 1997, 60 : 255-258.

DEL CANHO R., GROSHEIDE PM. SCHALM SW, DE
VRIES R.P.P, HEIJTINK R.A. Failure of neonatal hepatitis B vac-
cination : the role of HBV-DNA levels in hepatitis B carrier mothers
and HLA antigens in neonates. J. Hepatol., 1994, 20 : 483-486.

LEE $.-D,, 1O K.-J, TSAI Y.-T.,, WU J.-C., WU T.C,, YANG Z.-L,
NG. H.-T. Role of caesarean section in prevention of mother-infant
transmission of hepatitis B virus. Lancer, 1988, 2 : 833-834.

CARMAN WE, ZANETTI AR., KARAYIANNIS P., WATERS J,,
MANZILLO G., TANZI E., ZUCKERMAN A.J.,, THOMAS H.C.
Vaccine-induced escape mutant of hepatitis B virus. Lancet, 1990, 336 :
325-329.

OKAMOTO H., YANO K., NOZAKI Y., MATSUI A., MIYAZAKI H.,
YAMAMOTO K., TSUDA F., MACHIDA A., MISHIRO S. Mutations
within the S gene of hepatitis B virus transmitted from mothers to babies
immunized with hepatitis B immune globulin and vaccine. Ped. Res.,
1992, 32, 264-268.

Acta Gastro-Enterologica Belgica, Vol. LXII, January-March 1999

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

61.

62.

63.

65.

66.

67.

68.

69.

70.

71.

P P Michielsen and P. Van Damme

ZUCKERMAN A.J., HARRISON T.J.,, OON C.-J. Mutations in S
region of hepatitis B virus. Lancet, 1994, 343 : 737-738.

KARTHIGESU V.D., ALLISON LM.C,, FORTUIN M., MENDY M,,
WHITTLE H.C., HOWARD C.R. A novel hepatitis B virus variant
in the sera of immunized children. J. Gen. Virol.,, 1994, 75 : 443-448.
WONG V.C., IP HM.H., REESINK H.W., LELIE PN., REERINK-
BRONGERS E.E., YEUNG C.Y., MA H.K. Prevention of the HBsAg
carrier state in newborn infants of mothers who are chronic carrriers
of HBsAg and HBeAg by administration of hepatitis-B vaccine and
hepatitis-B immunoglobulin. Lancet, 1984, 1 : 921-926.

CARMAN W.F. The clinical signitcance of surface antigen variants of
hepatitis B virus. J. Vir. Hep., 1997, 4 (Suppl. 1) : 11-20.

WALLACE L.A., CARMAN W.F. Surface gepe variation of HBV :
scientitc and medical relevance. Viral Hepatitis Reviews, 1997, 3: 5-16.
BOHMAN V.R., STETTLER RW,, LITTLE B.B,, WENDEL G.D,,
SUTOR L.J., CUNNINGHAM F.G. Seroprevalence and risk factors for
hepatitis C virus antibody in pregnant women. Obstet. Gynecol., 1992,
80 : 609-613.

THALER M.M., PARK C.-K., LANDERS D.V, WARA D.W,
HOUGHTON M., VEEREMAN-WAUTERS G., SWEET R.L., HAN
J.H. Vertical transmission of hepatitis C virus. Lancet, 1991, 338 : 17-18.
NOVATI R., THIERS V., dARMINIO MONFORTE A., MAISON-
NEUVE P, PRINCIPIN., CONTI M., LAZZARIN A., BRECHOT C.
Mother-to-child transmission of hepatitis C virus detected by nested poly-
merase chain reaction. J. Infect. Dis., 1992, 165 : 720-723.

WEJSTAL R., WIDELL A., MANSSON A.-S., HERMODSSON S,
NORKRANS G. Mother-to-infant transmission of hepatitis C virus. Ann.
Intern. Med., 1992, 117 : 887-890.

LIN H-H., KAOQJ.-H., HSU J.-Y., NI Y.-H., YEH S.H., HWANG L.-H.,
CHANG M.-H., HWANG S.-C., CHEN P-J., CHEN D.-S. Possible
role of high-titer maternal viremia in perinatal transmission of hepatitis
C virus. J. Infect. Dis., 1994, 169 : 638-641.

. NI Y.-H,, LIN H-H,, CHEN P.-J., HSU H.-Y,, CHEN D.S., CHANG

M.-H. Temporal profile of hepatitis C virus antibody and genome in
infants born to mothers infected with hepatitis C virus but without human
immunodeficiency virus coinfection. J. Hepatol., 1994, 20 : 641-645.
OHTO H., TERAZAWA S., SASAKI N., SASAKI N., HINO X,
ISHIWATA C., KAKO M., UJIIE N., ENDO C., MATSUI A,
OKAMOTO H., MISHIRO S. and the Vertical Transmission of Hepa-
titis C Virus Collaborative Study Group. Transmission of hepatitis C
virus from mothers to infants. N. Engl J. Med., 1994, 330 : 744-750.
GIACCHINO R., PICCIOTTO A., TASSO L., TIMITILLI A, SI-
NELLI N. Vertical transmission of hepatitis C. Lancer, 1995, 345:
1122-1123.

MATSUBARA T., SUMAZAKI R., TAKITA H. Mother-to-infant
transmission of hepatitis C virus : a prospective study. Eur. J. Pediatr.,
1995, 154 : 973-978.

. MORIYA T., SASAKI F, MIZUI M., OHNO N.,, MOHRI H.,,

MISHIRO S., YOSHIZAWA H. Transmission of hepatitis C virus from
mothers to infants: its frequency and risk factors revisited. Biomed.
Pharmacother., 1995, 49 : 59-64.

PACCAGNINI S., PRINCIPI N., MASSIRONI E., TANZI E., RO-
MANO L., MUGGIASCA M.L., RAGNI M.C, SALVAGGIO L.
Perinatal transmission and manifestation of hepatitis C virus infection
in a high risk population. Pediatr. Infect. Dis. J., 1995, 14: 195-199.
RESTI M., AZZARI C, LEGA L., ROSSI M.E., ZAMMARCHI E,,
NOVEMBRE E., VIERUCCI A. Mother-to-infant transmission of
hepatitis C virus. Acta Paediatr., 1995, 84 : 251-255.

ZANETTI A.R., TANZI E., PACCAGNINI S., PRINCIPIN., PIZZO-
COLO G., CACCAMO M.L., D’AMICO E., CAMBIE G., VECCHI L.
and the Lombardy Study Group on Vertical HCV Transmission. Mother-
to-infant transmission of hepatitis C virus. Lancet, 1995, 345 : 289-290.
ZUCCOTTI G.V,, RIBERO M.L., GIOVANNINI M., FASOLA M.,
RIVA E., PORTERA G., BIASUCCI G., DECARLIS S., PROF-
ETA M.L., TAGGER A. Effect of hepatitis C genotype on mother-to-
infant transmission of virus. J. Pediatr., 1995, 127 : 278-280.

BENALI S., BOURLIERE M., GEROLAMI V., HALFON P,
VALETTE C., DISPA C., DEBOISSE P, PORTAL I, CASTEL-
LANI P, BLANC B., BOUBLI L., SICARD J.P,, LECLAIRE M.,
CARTOUZOU G., GAUTHIER A., BOTTA-FRILUND D. Transmis-
sion verticale du virus de I’hépatite C (VHC). Gastroent. Clin. Biol.,
1996, 20 : A158 (Abstract).

SABATINO G., RAMENGHI L.A., DIMARZIO M., PIZZIGALLO E.
Vertical transmission of hepatitis C virus : an epidemiological study on
2,980 pregnant women in Italy. Ewr. J. Epidemiol., 1996, 12 : 443-447.
MAZZA, C., RAVAGGI A, RODELLA A, PADULA D., DUSK M,,
LOMINI M., PUOTI M., ROSSINI A, CARIANI E., The Study Group



Viral hepatitis and pregnancy

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

for Vertical Transmission. Prospective study of mother-to-infant trans-
mission of hepatitis C virus (HCV) infection. J. Med. Virol., 1998, 54 :
12-19.

WEINER A.J, THALER M.M., CRAWFORD K., CHINO K., KAN-
SOPON J., CHIEN D.Y,, HALL J.E., HU F, HOUGHTON M. A
unique, predominant hepatitis C virus variant found in an infant born
to a mother with multiple variants. J. Virol., 1993, 67 : 4365-4368.
INOUE Y., TAKEUCHI K., CHOU W.H., UNAYAMA T., TAKAHA-
SHI K., SAITO L., MIYAMURA T. Silent mother-tochild transmission
of hepatitis C virus through two generations determined by comparative
nucleotide sequence analysis of the viral cDNA. J. Infect. Dis., 1992,
166 : 1425-1428.

LAM J.P.H., McOMISH F.,, BURNS S.M., YAP P, MOK J.Y.Q.,
SIMMONDS P. Infrequent vertical transmission of hepatitis C virus.
J. Infect. Dis., 1993, 167 : 572-576.

REINUS J.F, LEIKIN E.L., ALTER H.J., CHEUNG L., SHINDO
M., JETT B., PIAZZA S., SHIH W.-K. Failure to detect vertical
transmission of hepatitis C virus. Ann. Intern. Med., 1992, 117 : 881-886.
KURAUCHI O., FURUI T, ITAKURA A, ISHIKO H., SUGI-
YAMA M., OHNO Y., ANDO H., TANAMURA A, ISHIDA T,
NAWA A. er al. Studies on transmission of hepatitis C virus from mother-
to-child in the perinatal period. Arch. Gynecol Obstet., 1993, 253:
121-126.

MARCELLIN P, BERNUAU J., MARTINOT-PEIGNOUX M., LAR-
ZUL D., XU L-Z., TRAN S., BEZEAUD A, GUIMONT M.C,
LEVARDON M., AUMONT P., ERLINGER S., BENHAMOU J.-P.
Prevalence of hepatitis C virus infection in asymptomatic anti-HIV1
negative pregnant women and their children. Dig. Dis. Sci., 1993, 38 :
2151-2155.

ROUDOT-THORAVAL F., PAWLOTSLKI J.-M., THIERS V., DE-
FORGES 1., GIROLLET P-P, GUILLOT F, HURAUX C,
AUMONT P, BRECHOT C., DHUMEAUX D. Lack of mother-to-
infant transmission of hepatitis C virus in human immunodeficiency virus-
seronegative women : a prospective study with hepatitis C virus RNA
testing. Hepatology, 1993, 17 : 772-777.

MANZINI P., SARACCO G., CERCHIER A., RIVA C, MUSSO A,
RICOTTI E., PALOMBA C. SCOLFARO C., VERME G,
BONONO F,, TOVO P.A. Human immunodeficiency virus infection as
risk factor for mother-to-child hepatitis C virus transmission ; persistence
of anti-hepatitis C virus in children is associated with the mother’s anti-
hepatitis C virus immunoblotting pattern. Hepatology, 1995, 21 : 328-332.
FISCHLER B., LINDH G., LINDGREN S., FORSGREN M., VON-
SYDOW M., SANGFELT P., ALAEUS A., HARLAND L., ENOCK-
SON E., NEMETH A. Vertical transmission of hepatitis C virus infection.
Scand. J. Infect. Dis., 1996, 28 : 353-356.

PIPAN C., AMICI S., ASTORI G., CECI G.P,, BOTTA G.A. Vertical
transmission of hepatitis C virus in lowrisk pregnant women. Eur. J.
Clin. Microbiol. Infect. Dis., 1996, 15 : 116-120.
GONZALEZ-PERALTA R.P. Hepatitis C virus infection in pediatric
patients. Clin. Liver Dis., 1997, 1 : 691-705.

CHANG M.-H., NI Y.-H., HWANG L.-H., LIN K.-H., LIN H.-H.,
CHEN P-J, LEE C.-Y., CHEN D.-S. Long term clinical and virologic
outcome of primary hepatitis C virus infection in children : a prospective
study. Pediatr. Infect. Dis., 1994, 13 : 769-773.

LIN H-H., KAO J-H., HSU H.Y, NI Y-H, CHANG MH,

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

29

HUANG S.-C., HWANG L.H., CHEN P.-J.,, CHEN D.-S. Absence of
infection in breast-fed infants born to hepatitis C virus-infected mothers.
J. Pediatr., 1995, 126 : 589-591.

SNYDMAN D.R. Hepatitis in pregnancy. N. Engl. J. Med., 1985, 313 :
1398-1401.

LYNCH-SALAMON D.I., COMBS C.A. Hepatitis C in obstetrics and
gynecology. Obstet. Gynecol., 1992, 719 : 621-629.

HUNT C.M., CARSON K.L., SHARARA A1 Hepatitis C in pregnancy.
Obst. Gynecol., 1997, 89 = 883-890.

BERNARD O. Mother-to-infant transmission of hepatitis C. Acta
Gastroenterol. Belg., 1998, 61 : 192-193.

ANONYMOUS. National Institutes of Health Consensus Development
Conference Panel Statement : Management of Hepatitis C. Hepatology,
1997, 26 (suppl. 1) : 2S-10S.

PALOMBA E., MANZINI P, FIAMMENGO P, MADERNI P,
SARACCO G., TOV P.A. Natural history of perinatal hepatitis C virus
infection. Clin. Infect. Dis., 1996, 23 : 47-50.

ZANETTI A.R., FERRONI P, MAGLIANO E.M., PIROVANO P,
LAVARINI C., MASSARO A.L., GAVINELLI R., FABRIS C,, RIZ-
ZETTO M. Perinatal transmission of the hepatitis B virus and of the
HBV-associated Delta agent from mothers to offspring in Northern Italy.
J. Med. Virol., 1982, 9 - 139-148.

ASHER L.V.S., INNIS B.L, SHESTHA M.P., TICEHURST J.,
BAZE W.B. Virus-like particles in the liver of a patient with fulminant
hepatitis and antibody to hepatitis E virus. J. Med. Virol., 1990, 31:
229-233.

KHUROO M.S., TELI M.R., SKIDMORE S., SOFI M.A., KHU-
ROO M. Incidence and severity of viral hepatitis in pregnancy. Am.
J. Med., 1981, 70 : 252-255.

HUSSAINI S.H., SKIDMORE S.J., RICHARDSON P., SHER-
RATT L.M., COOPER B.T., O'GRADY J.G. Severe hepatitis E
infection during pregnancy. J. Viral Hep., 1997, 4 : 51-54.

KHUROO M.S., KAMILI S., JAMEEL S, Vertical transmission of
hepatitis E virus. Lancet, 1995, 345 : 1025-1026.

FEUCHT H.-H., ZOLLNER B., POLYWKA S, LAUFS R. Vertical
transmission of hepatitis G. Lancet, 1996, 347 : 615-616.

VIAZOV S., RIFFELMANN M. SARR S, BALLAUFF A,
MEISEL H., ROGGENDORF M. Transmission of GBV-C/HGYV from
drug-addicted mothers to their babies. J. Hepatol., 1997, 27 : 85-90.
BOURLIERE M., HALFON P, GEROLAMI V. BOTTAFRID-
LUND D., KHIRI H., HALIMI G., VALLETTE C,, SICARD J.P,
DISPA C., DEBOISSE P, PORTAL I, CASTELLANI P, WAR-
TELLE C., BLANC B., BOUBLI L., GAUTHIER AP, CARTOU-
ZOU G. Vertical transmission of hepatitis G virus (HGV) in HCV-infected
pregnant women : molecular analysts. J. Hepatol., 1997, 26 (Suppl. 1) :
86 (Abstract).

LIN H.-H., KAO J.-H.,, YEH K.-Y., LIU D.-P, CHANG M.-H,
CHEN P.-J., CHEN D.-S. Mother-to-nfant transmission of GB virus
C/hepatitis G virus : the role of high-titered maternal viremia and mode
of delivery. J. Infect. Dis., 1998, 177 : 1202-1206.

MAKKONEN M., HUTTUNEN M., MARTIKAINEN A, SMRI-
KOSKI S. Cytomegalovirus hepatitis in late pregnancy. Jnz. J. Gynecol.
Obster., 1992, 37 : 199-201.

ATMAR R.L., ENGLUND J.A., HAMMILL H. Complications of
measles during pregnancy. Clin. Infect. Dis., 1992, 14 : 217-226.

Acta Gastro-Enterologica Belgica, Vol. LXII, January-March 1999



