IgA anti-HEV antibodies and viraemia in farm pigs

Wu, J.-C,, Chen, C.-M., Chiang, T.-Y., Tsai, W.-H., Jeng, W.-J,, Sheen, Yazaki, Y., Mizuo, H., Takahashi, M., Nishizawa, T., Sasaki, N., Gotanda,
=), Kin, C.-C. & Meng, X.-J. (2002). Spread of hepatitis E virus Y. & Okamoto, H. (2003). Sporadic acute or fulminant hepatitis E in
among different-aged pigs: two-year survey in Taiwan. ] Med Virol Hokkaido, Japan, may be food-borne, as suggested by the presence of
66, 488-492. hepatitis E virus in pig liver as food. ] Gen Virol 84, 2351-2357.
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#* Hidetoshi IKEDA, Ph.D.: M TBUEA % - YRS E & I 22 R 8 W 7 4 R 7857 (2305-0856 2 CiE
THEE A3-1-5) ; National Institute of Animal Health, Tsukuba 305-0856, JAPAN
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Serological Markers of Hepatitis B, C, and E Viruses
and Human Immunodeficiency Virus Type-1
Infections in Pregnant Women in Bali, Indonesia
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Except for hepatitis B virus (HBV), there have
been few data on serological markers of hepatitis
viruses such as hepatitis C virus {HCV) and E virus
(HEV), and human immunodeficiency virus type-
1 (HIV) in Bali, Indonesia. During 5 months from
April to August 2003, sera were collected from
2,450 pregnant women at eight jurisdictions in
Bali, and they were tested for markers of these
viruses. Only one {0.04%) was positive for anti-
body to HCV, but none for antibody to HIV.
Hepatitis B surface antigen {HBsAg) was detected
in 46 (1.9%) at a prevalence significantly lower
than that in 271 of the 10,526 (2.6%) pregnant
women in Bali surveyed 10 years previously
(P < 0.045). The prevalence of hepatitis B e anti-
gen in pregnant women with HBsAg decreas-
ed, also, from 50% to 28% during the 10 years
(P<0.011). Antibody to HEV (anti-HEV) was ex-
amined in 819 pregnant women who had been
randomly selected from the 2,450. The overall
prevalence of anti-HEV was 18%, and there were
substantial regional differences spanning from
5% at Tabanan district to 32% at Gianyar district.
Furthermore, the prevalence of anti-HEV differed
substantially by their religions. In the Sanglah
area of Denpasar City, for instance, anti-HEV was
detected in 20 of the 102 (20%) Hindus, signi-
ficantly more frequently than in only 2 of the 101
(2.0%) Muslims (P<0.001). Swine that are pro-
hibited to Muslims, therefore, is likely to serve as
a reservoir of HEV in Bali. In conclusion, HBV is
decreasing, HCV and HIV have not prevailed,
as yet, while HEV is endemic probably through
zoonotic infection in Bali. J. Med. Virol.
75:499-503, 2005. © 2005 Wiley-Liss, Inc.

KEY WORDS: Bali; hepatitis B e antigen;
hepatitis B virus; hepatitis C
virus; hepatitis E virus; human

© 2005 WILEY-LISS, INC.

immunodeficiency virus type-
1, pregnancy; zoonosis

INTRODUCTION

Bali is an island in Southeast Asia, between the Bali
sea and the Indian Ocean, and has approximately
3 million inhabitants. The prevalence of infection with
hepatitis C virus (HCV) has not been examined, as yet,
although there are a few reports on serological markers
of hepatitis B virus (HBV) and hepatitis E virus (HEV) in
Bali [Brown et al., 1985; Wibawa et al., 2004]. Nor is it
known whether the population in Bali is affected by
human immunodeficiency virus type-1 (HIV), except in
commercial sex workers [Ford et al., 2000].

Since 1993, pregnant women in Bali have been tested
for hepatitis B surface antigen (HBsAg) in serum, and
those positive for HBsAg were examined further for
hepatitis B e antigen (HBeAg). Babies born to pregnant
women carrying HBsAg along with HBeAg have re-
ceived the passive and active immunoprophylaxis with
hepatitis B immune globulin and vaccine [Tada et al,,
1982]; it is found highly efficacious in preventing the
persistent HBV carrier state in high-risk babies in
Japan [Noto et al., 2003].
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Taking advantage of routine screening for HBsAg of
pregnant women in Bali, sera were tested for serological
markers of HBV, HCV, HEV, and HIV. The results
highlighted decreasing HBV infection, rare infection
with HCV and HIV, and a high exposure to HEV that
depends on habits and religions of the Balinese.

MATERIALS AND METHODS
Pregnant Women in Bali

During 5 months from April to August 2003, sera were
obtained from 2,450 pregnant women, at major hospitals
in the eight jurisdictions of Bali (Fig. 1), on routine
surveys for HBsAg for preventing the perinatal trans-
mission of HBV. Their mean age was 27 + 5 (SD) years
(range: 16—45 years). The sera were tested for HBsAg,
antibody to HCV (anti-HCV) and antibody to HEV (anti-
HEV), as well as antibody to HIV (anti-HIV). HBeAg was
examined only in sera positive for HBsAg. Sera from all
pregnant women were tested for serological markers of
these viruses, except for anti-HEV which was examined
in approximately 100 each randomly selected in the
eight jurisdictions. Anti-HEV was tested in an addi-
tional 90 sera from Muslim pregnant women living in
the Sanglah area of Denpasar City, in an attempt to find
any differences in the prevalence between Hindus and
Muslims. The design of the serological survey was in
accord with the 1975 Declaration of Helsinki, and
approved by Ethics Committee of institutions. Every
pregnant woman gave an informed consent.

Serological Tests for Markers
of HBV, HCV, HEV, and HIV

HBsAg was tested by hemmaglutination and immu-
nochromatography (Entebe HBsAg RPHA and Entebe
HBsAg Strip, respectively: Hepatika Laboratory,
Mataram, Indonesia) and HBeAg by enzyme-linked
immunosorbent assay (ELISA) (HBeAg ELISA: Institute
of Immunology, Tokyo, Japan). Anti-HCV was deter-
mined by the dipstick method (Entebe Anti-HCV Dip-
stick: Hepatika Laboratory). Anti-HEV of IgG class was
determined by ELISA with use of a recombinant HEV
capsid protein of genotype IV by the method of Mizuo

Tabanan

Denpasar .-

Fig. 1. Map of Bali with eight districts where markers of hepatitis
viruses and HIV among pregnant women were surveyed.

Surya et al.

et al. [2002], and anti-HIV by immunochromatography
(Entebe Anti-HIV Strip: Hepatika Laboratory).

HEV RNA was determined by the polymerase chain
reaction with primers deduced from the nucleotide se-
quences in the open reading frame 2 that are preserved
irrespective of genotypes [Mizuo et al., 2002].

Statistical Analyses

Categorical variables were compared between groups
by the Chi-square test, and continuous variables by the
Welch’s ¢-test. Differences with a P value <0.05 were
considered significant.

RESULTS
HBsAg in Pregnant Women in Bali

Frequencies of HBsAg, anti-HCV, anti-HEV, and
anti-HIV in the eight jurisdictions in Bali are listed in
Table I. Overall, HBsAg was detected in 46 of the 2,450
(1.9%) pregnant women during 5 months from April to
August 2003. This prevalence of HBsAg was signifi-
cantly lower than that in 271 of the 10,526 pregnant
women in Bali surveyed 10 years before in 1993 (1.9% vs.
2.6%, P < 0.045).

The prevalence of HBsAgin Negara in the west (Fig. 1)
was by far the highest at 4.5% (6/132), in remarkable
contrast to 0.6% (1/161) in Tabanan and 0.8% (1/133) in
Singaraja. Differences fell short of being significant,
however, due to low numbers of pregnant women
examined.

Figure 2 illustrates age-specific frequencies of HBsAg
and HBeAg. The prevalence of HBsAg stayed constant
in a range from 1.6% to 2.5%, while HBeAg decreased
with age; it was most frequent in pregnant women aged
younger than 25 years (53% [8/15]). Of 46 pregnant
women who carried HBsAg, the 13 with HBeAg in serum
were significantly younger than the 33 without HBeAg
(24 £ 4 vs. 29 4+ 6 years, P < 0.0190).

Anti-HCV and Anti-HIV in
Pregnant Women in Bali

Infection with HCV or HIV was very infrequent in
pregnant women in Bali. Anti-HCV was detected in a
single pregnant woman in Denpasar, while anti-HIV
was not in any. Thus, the prevalence of anti-HCV was
0.04% and that of anti-HIV less than 0.04%.

Anti-HEV in Pregnant Women in Bali

Anti-HEV was examined in all the 41 pregnant
women from Karangasem, and 86196 randomly select-
ed among those from the other districts. Anti-HEV was
detected in 151 of these 819 (18%) pregnant women,
producing an overall prevalence of 18%. The mean
absorbancy in ELISA on the 151 sera positive for anti-
HEV waslow at 0.79 +£0.61. HEV RNA was not detected
in any of the 20 sera with a high absorbancy (>1.50).

There were marked regional differences in the pre-
valence of anti-HEV. It was low in Tabanan (4.7% [4/86])
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TABLE L. Serological Markers for HBV, HCV, HEV, and HIV Infections in the Eight
Jurisdictions of Bali

Jurisdictions HBsAg Anti-HCV Anti-HEV Anti-HIV
Bangli 2/115 (1.7%) 0/115 25/93 (27%) 0/115
Denpasar 29/1,594 (1.8%) 1/1,594 (0.06%)  35/196 (18%) 0/1,594
Gianyar 3/151 (2.0%) 0/151 32/101 (32%) 0/151
Karangasem 1/41 (2.4%) 0/41 6/41 (15%) 0/41
Klungkung 3/123 (2.4%) 0/123 19/98 (19%) 0/123
Negara 6/132 (4.5%) 0/133 11/100 (11%) 0/133
Singaraja 1/133 (0.8%) 0/132 19/104 (18%) 0/132
Tabanan 1/161 (0.6%) 0/161 4/86 (4.7%) 0/161
Total 46/2,450 (1.9%) 1/2,450 (0.04%) 151/819 (18%)* 0/2,450 (<0.04%)

aAnti-HEV was examined in only 819 samples, randomly extracted from among inhabitants from each
jurisdiction, except for Karangasem all pregnant women from where were examined.

and high in Gianyar (32% [32/101]) and Bangli (27%
[25/93])); the difference between Tabanan and Gianyar
was statistically significant (P < 0.0001). Frequencies of
anti-HEV in the other five districts were much the same
and ranged from 11% to 19%. There were no differences
in the mean age among pregnant women from distinct
religions.

The prevalence of anti-HEV differed with regard to
the religion of the pregnant women (Table II). Overall,
anti-HEV was detected in 149 of the 769 (19%) Hindus,
at a frequency significantly higher (P < 0.012) than that
in two of the 50 (4.0%) non-Hindus (mostly Muslims).
The frequency of anti-HEV higher in Hindus than non-
Hindus held in pregnant women from all the eight juris-
dictions. In Denpasar where more women were exam-
ined than the other seven districts, anti-HEV occurred
more often in Hindus than non-Hindus (19%[33/175] vs.
9.5% [2/21]); the difference fell short of being significant
due to small numbers examined.

For evaluating the influence of religions on HEV in-
fection, pregnant women living in the Sanglah area of

- 80

(7/281)

12/549)

Prevalence of HBsAg (%)

Prevalence of HBeAg in HBsAg Carriers (%)

30
Age (years)

25 35

Fig. 2. Age-specific prevalence rates of HBsAg and HBeAg in
2,450 pregnant women in Bali.

Denpasar City were examined for the prevalence of anti-
HEV; inhabitants in this narrow area were surveyed
in an attempt to exclude environmental factors such as
water quality and sanitation. Anti-HEV was signifi-
cantly more frequent in Hindus than Muslims there
(20% [20/102] vs. 2.0% [2/101], P < 0.001).

DISCUSSION

In surveys for serological markers of HBV and HCV
infections among blood donors performed in 1991 in
Jakarta, Indonesia, HBsAg was detected in 5.8% and
anti-HCV in 17.7% [Sastrosoewignjo et al., 1991]. HBV
and HCV strains indigenous to Indonesia are reported in
blood donors and hepatitis patients there [Sastrosoe-
wignjo et al., 1991; Hadiwandowo et al., 1994; Mulyanto
et al., 1997]. Data are still inadequate, however, on
serological markers of HBV and HCV infections, as well
as HIV infection, in the general population in Bali thatis
isolated from the other Indonesian archipelagos by the
sea. Nor are there any data available for the exposure to
HEV in Bali, except for a recent report by Wibawa et al.
[2004] on 276 family members of chronic liver disease
and 797 voluntary blood donors.

Taking advantage of the routine screening for HBsAg,
2,450 pregnant women in Bali were tested for serol-
ogical markers of HBV, HCV, and HEV infections, and
HIV infection. The prevalence of HBsAg examined
during 5 months in 2003 was significantly lower than
that in 1993 (1.9% vs. 2.6%, P < 0.045). It is not certain,
however, how the prevalence of HBV markers surveyed

TABLE II. Frequencies of Anti-HEV in Hindu and
Non-Hindu Women in Various Districts of Bali

Districts Hindu Non-Hindu  Differences
Bangli 25/92 (27%) 0/1 NS5*#
Denpasar 33/175 (19%) 2/21 (9.5%) NS
Gianyar 32/100 (32%) 0/1 NS
Karangasem 6/39 (15%) 0/2 NS
Klungkung 19/91 (21%) 0/7 NS
Negara 11/90 (12%) 0/10 NS
Singaraja 19/99 (19%) 0/5 NS
Tabanan 4/83 (4.8%) 0/3 NS
Total 149/769 (19%) 2/50 (4.0%) P<0.012

“Not significant.
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in pregnant women who give birth to their babies in
hospitals is extended to the general population in Bali,
where the majority of deliveries are conducted by mid-
wives at home. Wibawa et al. [2004] detected HBsAg in
38 of the 797 (5%) voluntary blood donors and 18 of the
276 (7%) family members of patients with chronic liver
disease from Bali. Their results stand at a substantial
variance with ours.

Anti-HCV in pregnant women in Bali was low at
0.04%, in contrast to the detection of anti-HCV in 17.7%
of voluntary blood donors in Jakarta [Sastroscewignjo
et al,, 1991]. Although data are lacking for the pre-
valence of anti-HCV in the Balinese, it is reasonably
expected to be low in the general population of Bali;
Wibawa et al. [2004] detected anti-HCV in 6 of the 796
(0.8%) blood donors. With rapid increases of immigrant
and tourists into Bali, however, the exposure to HCV
may expand in the foreseeable future. In support of this
view, the prevalence of anti-HIV among female sex
workers in Bali is reported to be higher for immigrants
than the Balinese [Ford et al., 2000].

To address possible concerns on the sensitivity of
locally produced assays for HBsAg and anti-HCV, the
Entebe kits for these viral markers have been used
during the past 18 and 8 years since 1986 and 1996 for
HBsAg and anti-HCV, respectively, for screening blood
units at many blood centers in Lombok and other islands
of Indonesia. Indisputable decrease (to practically zero)
in the incidence of posttransfusion hepatitis B and C
since then would indicate a high sensitivity of these
tests.

HIV infection has become very rare in female sex
workers in Bali (0.2%), although the frequencies of sex-
ually transmitted disease such as gonorrhoea (60.5%),
chlamydia (41.3%), and human papilloma virus (37.7%)
remain very high [Ford et al., 2000]. The reasons for
such alow exposure to HIV in the Balinese, even in high-
risk groups, are not clear. It is a surprise, especially
because a pandemic of HIV is expected in Indonesia
[Anonymous, 1996]. Isolation from the other areas of
Indonesia, surrounded by sea, may have prevented ex-
posure to HIV and HCV that have been introduced more
recently than HBV. In addition, heavy punishments
imposed on the use of illegal drugs may have prevented
the spread of these blood-borne viruses there.

Overall, anti-HEV was detected in 18% of pregnant
women living in eight jurisdiction, at a frequency com-
parable to 18%—20% recently reported in Bali [Wibawa
et al., 2004]. Previous findings point to the zoonotic food-
borne transmission that may play an important role in
HEYV infection among Japanese people. For instance,
some individuals who ate sashimi prepared from deer
caught in the wild [Tei et al., 2003} or feral boar’s liver
in the raw [Matsuda et al., 2003] developed acute or
fulminant hepatitis E. In addition, Yazaki et al. [2003]
have suggested the ingestion of pig’s liver as a major
risk factor for hepatitis E among residents of Hokkaido,
Japan. These observations in Japan instigated us to look
into whether zoonotic food-borne transmission of HEV
also occurs in inhabitants of Bali where anti-HEV has

Surya et al.

not been surveyed extensively. As the results, the pre-
valence of anti-HEV was found to be more frequent in
Hindu than Muslim residents of Bali. Muslims are
strictly prohibited from eating or touching pigs, while
Hindus have no such restrictions.

When the prevalence of IgG anti-HEV was compared
among pregnant women in eight districts of Bali, signi-
ficant differences were found among them in a range
from 4.7% (4/86) in Tabanan to 32% (32/101) in Gianyar.
An even more striking difference was noted in preg-
nant women between Hindus and non-Hindus (mostly
Muslims and a few Christians) (19% [149/769] vs. 4.0%
[2/50], P < 0.012).

Since the religion of Bali is predominantly Hindu, a
random sampling of the Balinese would hardly reflect
the anti-HEV status in non-Hindus, as in the study
of Wibawa et al. [2004] and ours. Furthermore, the ex-
posure to HEV may be influenced by sanitary condi-
tions and water quality that differ in various areas of
Bali. These factors taken into considerations, pregnant
women living in a restricted area of Denpasar City
(Sanglah) were examined for evaluating the influence of
religion on HEV exposure. As the results, anti-HEV was
signifieantly more frequent in Hindus than Muslims
(20% [20/102] vs. 2.0% [2/101], P < 0.001).

The observed differences in the prevalence of anti-
HEV would be attributed to distinct life-styles of the
Balinese in association with their religions. Among
many differences dependent on religions, those in the
dietary habit are prominent. Hindu families in Bali
typically keep pigs within the household, as a source of -
food, and often eat grilled pork that can be undercooked.
In contrast, Muslims are rigorously prohibited from
tasting or even touching pigs by their religion. Thus,
it would be reasonable to implicate close contacts with
pigs, along with the ingestion of domestic pork, in a
high exposure to HEV among Hindus living in Bali.
Although “water-borne” transmission of HEV has been
reported in Indonesia [Corwin et al., 1997], the results
obtained .in this study suggest an alternative mode of
HEV transmission in Bali that is “pig-borne.” In actu-
ality, pigs in Bali are highly contaminated with HEV;
anti-HEV is detected in more than 70% of them
[Wibawa et al., 2004]. Furthermore, zoonotic infections
are common among children and teenagers in Bali
[Chomel et al., 1993].

Women in Bali appear to have been exposed to HEV
long before the pregnancy. The absorbancy for anti-HEV
in ELISA was mostly low and HEV RNA was not detec-
table in any of 20 sera with a high absorbancy (>1.50).
Hence, the risk of developing fulminant hepatitis by
HEYV infection during the pregnancy would be lower in
Bali than in India [Kar et al., 19971,
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