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We investigated underlying risks for hyperendemic
hepatitis C virus (HCV) infection among the 1853 in-
habitants of a mountainous village in Eastern Taiwan
with high prevalence of HCV and hepatitis B virus
(HBV). Among the 80 selected adults, we found that
having resided away from the village before 1985 was
protective against HCV infection, while residing in the
village after 1985 posed little risk for HCV infection to
children and young adults < 30 years of age. Among
the 559 school children 7 through 14 years of age,
anti-HCV prevalence was 1.9%, and the HBV carrier
rate was 29%. Following up 270 children 1 year later,
we found that new HCV infection occurred in 0.74%
and new or repeated HBV infection occurred in 6.5%
of the children, indicating distinct transmission pat-
terns between HBV and HCV. Children of anti-HCV-
positive mothers were either anti-HCV-negative or
were infected by distinct genotypes of HCV from
those infecting their mothers; most married couples
in whom both were infected, were infected by HCV of
discordant genotypes, indicating negligible impor-
tance of sexual or vertical HCV transmission. A case-
control study comparing 13 anti-HCV-positive and 53
anti-HCV-negative children showed that having re-
ceived parenteral medication in local clinics was a sig-
nificant risk for HCV infection. Our data indicate that,
unlike the case of HBV, HCV transmission by vertical
or sexual route, or through casual contact are ex-
tremely inefficient, and our data further suggest that
HCV hyperendemicity is unlikely to persist as a result
of the more stringent practice of parenteral precau-
tions in nearly all aspects of daily life. J. Med. Virol.
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INTRODUCTION

Hepatitis B virus (HBV) and hepatitis C virus (HCV)
are both blood-borne hepatotropic viruses causing
chronic persistent infection and significant long term
morbidity and mortality [Beasley et al., 1981; Tsai et
al., 1994; Simonetti et al, 1992; Sallie and DiBisceglie,
1994]. Despite leaps in improving the safety of blood
transfusion with available serologic tests in recent
years, high rates of HBV infection continue among new
birth cohorts via efficient nonparenteral transmission
of the virus in many areas, including Taiwan [Stevens
et al., 1975; Tong et al., 1994; Shapiro and Margolis,
1992]. This high transmission rate of infected individu-
als to their contacts was the main reason that blood
screening and sterilising contaminated surgical equip-
ment had a limited impact on reducing hyperendemic
HBV levels prior to the introduction of HBV mass im-
munisation to infants.

In comparison, HCV infection among blood donors or
the general population is mostly low (1–2%) even in
areas where HBV infection is endemic [Degos 1994;
Bhandari and Wright, 1995; McCarthy et al., 1994;
Ochi et al., 1991; Soni et al., 1993; Biltz et al., 1994].
This discrepancy between the high HBV and low HCV
infection rates has been mainly attributed to a lack of
introduction of HCV to the community. High preva-
lence of antibody against HCV (anti-HCV) has been
sporadically documented in Egypt and several other
isolated communities, and parenteral injections via
contaminated needles have been ascribed to transmit
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HCV [Darwish et al., 1992; Abdel-wahab et al., 1994;
Bassily et al., 1995; Hayashi et al., 1995; Tawaraya et
al., 1995; Ohkoshi et al., 1995]. Since most HCV infec-
tions result in a state of chronic infection, accumula-
tion of chronic HCV infections coupled with efficient
nonparenteral transmission of HCV could plausibly
give rise to persistent hyperendemic HCV infection, re-
sembling that of HBV in Taiwan and other parts of
Asia.

In this study, we report on a community where in-
habitants had extremely high rates of HBV and HCV
infection, yet the two viruses exhibited distinct epide-
miologic features which implied differences in the effi-
ciency of viral transmission through vertical and hori-
zontal transmission. Elucidating the relative contribu-
tion of various modes of transmission of blood-borne
viruses could help to direct our efforts towards appro-
priate intervention strategies in order to achieve viral
hepatitis prevention and control.

SUBJECTS AND METHODS
Adult Subjects

The site of this study was an aboriginal village in the
mountainous Eastern Taiwan that had a population of
1,853 inhabitants in 465 families in 1993. This commu-
nity was chosen because its inhabitants had been noted
to have high rate (43%) of anti-HCV prevalence in a
1991 island-wide survey of aboriginal villages, under-
taken because some aboriginal villages were noted to
have higher prevalence of anti-HCV [Wu et al., 1992;
and records of the National Institute of Preventive
Medicine]. In order to avoid collecting data from house-
hold members with similar risk exposures, we solicited
only one adult of a specified age range from each of 80
households that had been selected by stratified random
sampling according to the address of each household.
From each of the 80 study subjects, we obtained infor-
mation on their past medical history, experience in folk
medicinal remedies, religious practice, life-long occupa-
tional history, sexual contacts, exposure to primate
house pets, and general family hygienic profiles, that
might all potentially be risk factors for blood-borne vi-
ral infection. In addition, members of 51 out of the 80
selected households agreed to participate in a serologic
survey which focused on mother/child and husband/
wife pairs.

Children

A serologic survey of HCV was conducted for all chil-
dren in elementary and middle schools in the village
(aged 7–14 years). Most of these children were born
prior to the initiation of national HBV immunisation,
so that childhood transmission of HBV and HCV
within the same population may be compared. In ad-
dition, we administered a questionnaire to 13 anti-
HCV seropositive children and to 53 comparably aged
anti-HCV seronegative (∼1 to 4 case/control ratio) con-
trol subjects in order to elucidate the potential risk for
HCV infection among children. The questionnaire in-
cluded medical history, health-seeking habits, experi-

ences of folk medicine, and information concerning gen-
eral sanitary conditions within each household such as
exposures to lice, bedbugs, mosquitoes, household pets,
sharing of personal items (toothbrush and towels),
sharing of beds, number of bathrooms, and total rooms
in each household, etc. To further assess the ongoing
activities of transmission of HCV among children, we
returned to the schools for a follow-up serosurvey 12
months later, and 270 of the original 559 participating
children agreed to have a follow-up venopuncture.

HBV and HCV Diagnostic Methods
HBV surface antigen (HBsAg) and total antibodies

against HBV core protein (anti-HBc of IgG and IgM )
and HBsAg (anti-HBs) were detected by using com-
mercially available radioimmunoassay (RIA) kits
(AusriaII, Abbott Laboratory, North Chicago, IL). An-
tibody against HCV (anti-HCV) was detected by using
commercially available second-generation enzyme im-
munoassay (EIA) kits (Abbott Laboratory, North Chi-
cago, IL). The HCV RNA was extracted from serum
before being subjected to a reverse transcriptase and
polymerase chain reaction (RT-PCR) as described pre-
viously [Huang et al., 1993]. HCV was genotyped ac-
cording to a previously described method [Okamoto et
al., 1992]. Specific precautions in conducting RT-PCR
procedures to prevent contamination were strictly
implemented as described previously [Huang et al.,
1993].

Data Analysis
All collected information was compiled in a comput-

erised format and analysed using Statistical Analysis
Software (SAS). Mantel-Haenszel Chi square and test
for trend, and Fisher’s exact test were used to test for
significance.

RESULTS
Prevalence and Risk of HCV Infection in Adults

Overall, 41.3% (33) of the 80 asymptomatic adults
were anti-HCV positive, and 72.7% (24/33) of the anti-
HCV seropositive individuals also had in their serum
detectable HCV-specific RNA. The age-specific anti-
HCV positive rates obtained in 1993 were similar to
those obtained in 1991, showing high rates among all
adults except for those younger than 30 years of age,
correlated well with the results obtained in 1991 (Pear-
son’s correlation coefficient 4 0.96, P 4 0.003; Table I).
Among all the factors known to be risks for HCV infec-
tion, i.e., transfusion, tattooing, or acupuncture, none
were found to be associated with HCV infection. How-
ever, those villagers who had worked and resided away
from the village for an extended period of time had a
significantly lower HCV infection rates than those who
never resided outside of the village (Table II). Anti-
HCV positive rate was 56.9% among the 51 villagers
who had resided outside of the village as compared to
14.3% of anti-HCV positive rate among the 21 villagers
who never resided away from the village (P 4 0.002,
Fisher’s exact). Since a majority of young adults under
30 years of age (62.5%) had worked and resided outside
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of the village and since the younger age group also had
a much lower anti-HCV prevalence (6.3–15.8%), the
potential confounding effect of the younger age group
could be reduced by limiting the analysis to villagers of
30 years or older (Table III). The protective effect of
being absent from the village remained significant (P
4 0.04, Fisher’s exact). The protective effect of being
absent from the village was further substantiated by
the observation that the duration of residing outside of
the village was inversely correlated with a decreasing
infection rates (P 4 0.004, M-H test for trend). Specifi-
cally, residing in the village during the 5-year period
1980 through 1984 posed a significant risk becasue
12.5% (1/8) of those who were absent versus 60% (30/
50) of those who resided in the village during that pe-
riod was anti-HCV positive (P 4 0.016, Fisher’s Exact).
Absence from the village before 1980 showed a similar
trend of HCV risk, i.e., 0% of those who were absent
were infected vs. 57.4% of those who resided in the
village were infected by HCV (P 4 0.08, Fisher’s exact),
but too few study subjects were suitable for analysis of
this period to yield a significant test. For the years
after 1985, risk for HCV within this village seemed to
have diminished, i.e., 20.0.7% infection among those
who resided in the village vs. 0% infection among those
who resided away from the village (P 4 0.375, Fisher’s
exact). Since nearly all villagers were manual labour-
ers or farmers regardless the location of their resi-
dence, no specific occupation could be identified to be
either a risk for or a protective factor against HCV
infection.

The Family Study

We found no evidence of mother-to-child transmis-
sion in the village. Among the 30 children whose moth-
ers were anti-HCV-positive, only three were anti-HCV
positive themselves. None of the three children, how-
ever, were infected by the same genotype of HCV as
that infecting their mothers; two children were infected
by type-IV and one by type-I while the mothers were all
infected by type-II. In addition, four anti-HCV-
negative mothers with anti-HCV-positive children sug-
gested that transmission had occurred via routes other

than that of mother-to-child in nature. Although four
HCV genotypes were found to circulate within the com-
munity, types I (47.1%) and II (46.2) constituted all but
four isolates. While types I and II infected adults with
similar frequency, children were infected by types I, II,
and IV. Therefore, the distribution of HCV genotypes
infecting adults was distinct from that infecting chil-
dren (chi square with four degrees of freedom, P 4
0.007) (Table IV).

The potential for sexual transmission of HCV be-
tween husband and wife was investigated. Among the
28 married couples aged between 31 and 63, there were
seven couples who were both infected by HCV, 12
couples among whom only one was infected, and nine
couples among whom neither were infected. In only
three of the seven couples, the husband and wife were
infected by the same genotype of HCV while discordant
genotypes were found in the other four couples.

To examine whether both blood-borne viruses HBV
and HCV might cocirculate among individuals with
similar risks, we examined the 208 household members
for the probability of coinfection by both viruses. The
acquisition of HCV infection (anti-HCV positive) was
probably independent of the acquisition of HBV infec-
tion (anti-HBc positivity) because anti-HBc seroposi-
tivity among anti-HCV positive individuals was not
significantly different from that among the anti-HCV
negative individuals (P 4 0.07) (Table V). However,
the carrier rate of HBsAg was paradoxically lower
(22.2%) among the anti-HCV positive individuals than
that (40.4%) among the anti-HCV-negative individuals
when the 155 anti-HBc positive individuals were ana-
lysed (Chi square, P < 0.05).

HCV and HBV Infection in Children

A total of 559 school children participated in the se-
rosurvey, 11 tested positive for anti-HCV (1.9%; Table
VI); 10 of the 11 anti-HCV positive children also had in
their serum detectable HCV-specific RNA. HBV infec-
tion rates were much higher than that of HCV; 69.3%
were positive for anti-HBc, indicating a history of HBV
infection, and 29.3% were chronic HBsAg carriers. A
follow-up serosurvey was conducted 12 months after
the initial study to include 270 children, representing
49% of the initial population. Only two (0.74%) children
showed a positive anti-HCV seroconversion during this
12 month period. However, four children had a nega-
tive anti-HCV seroconversion during the same period,
indicating a decrease in HCV prevalence among chil-
dren over the study period. Positive HBsAg seroconver-
sion occurred in four (1.7%) children, but two children
had a negative HBsAg seroconversion. In addition, 12
(4.8%) children had an uncomplicated HBV infection as
evidenced by a positive anti-HBc seroconversion in
eight children or a substantial rise of pre-existing anti-
HBs in four children within the interim. Therefore,
transmission of HBV infection, either new or repeated
infections, occurred in 16/270 (6.5%, 95%CI 4 3.6%,
9.4%) of the children, that is eight times that of the
transmission rate of HCV (0.74%, 95% 4 −0.28%,

TABLE I. Age-Specific Seropositive Rates of Antibody
Against Hepatitis C Virus (Anti-HCV) Among Adult

Villagers in Two Separate Surveys

Age
Anti-HCV positivitya

1991 (N 4 126) 1993 (N 4 80)

(Year) % (N) % (N)
<20 0 (34) — —
20–29 15.8 (19) 6.3 (16)
30–39 42.9 (14) 42.9 (14)
40–49 46.7 (15) 36.4 (11)
50–59 43.8 (16) 50.0 (12)
60–69 73.5 (19) 68.9 (16)
ù70 55.6 (9) 54.5 (11)
aHigh correlation of age-specific anti-HVC positive rates between re-
sults of the two surveys (Pearson correlation coefficient 4 0.96, P 4
0.003).
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1.76%) among the same children during 1-year follow-
up period.

The questionnaire survey of the anti-HCV positive
and anti-HCV-negative children indicated that none of
the children had any of the well-known risk factors for
acquiring HCV infection, e.g., blood transfusion,
heamodialysis, habitual intravenous drug use, or tat-
toos. The only risk identified was related to the pattern
of how they were cared during childhood (< 5 years of
age). All 13 HCV-positive children reported that during
early childhood their usual regimen for a bout of minor
illness, such as common cold, was to be seen at local

clinics or pharmacies where parenteral medication was
usually provided. In contrast, none of the 11 children
who had never received parenteral medication as a rou-
tine regimen for illness was anti-HCV positive (Table
VII). The traditional Chinese medical remedies, includ-
ing acupuncture or bleeding by percutaneously apply-
ing a strong vacuum, were not popularly utilised
among children in this community.

DISCUSSION

Blood-borne viruses may be propagated through
routes of two major categories: the nonparenteral
transmission as from mother to child, between sexual
partners, or through other ill-defined forms of close
contacts versus direct inoculation of virus percutane-
ously or intravenously via contaminated vehicles (or
fomite) as in the form of blood products, dental or medi-
cal instruments, and hypodermic needles. The effi-

TABLE II. HVC Infection Rates Among 80 Adult Subjects With or
Without Potential Risks

Potential risks
HVC

positive rate Risk ratio P-value
% (n)

Tranfusion
Yes 42.9 (7) 1.08 (0.17, 6.29) 0.61a

No 41.1 (73)
Acupuncture

Yes 37.5 (16) 0.82 (0.23, 2.87) 0.95
No 42.2 (64)

Parenteral injection with
non-disposable needles

Yes 44.3 (70) 3.18 (0.56, 23.5) 0.18a

No 20.0 (10)
Surgical operation

Yes 55.6 (18) 2.12 (0.65, 7.0) 0.26
No 38.3 (62)

Tattoo
Yes 30.4 (23) 0.52 (0.16, 1.62) 0.32
No 45.6 (57)

Pierced ears (female only)
Yes 41.1 (34) 0.70 (0.12, 4.15) 0.70a

No 50.5 (8)
Sharing razor blade

(male only)
Yes 62.5 (8) 3.33 (0.53, 22.9) 0.14a

No 33.3 (30)
Residing outside of the

village
Yes 14.3 (21) 0.13 (0.02, 0.54) 0.002a

No 56.9 (51)
aP-value for Fisher’s exact test.

TABLE III. Being Absent From the Village was a
Protective Factor Against HCV Infection Among the

Villagers Who Were Over 30 Years of Age

Status of
residence

Anti-HCV
serolog Risk Ratio

(95% C.I.) P-valuePos. Neg.

Ever absent from
the village

Yes 3 9 0.19 (0.03, 0.94) 0.0395*
No 28 16

Years of absence
from the village
(years)

0 28 16 1 0.0036**
1–4 3 2 0.89 (0.09, 11.7)
ù5 0 7 0.08 (0, 0.49)

*P-value by exact probability.
**P-value by M–H test for trend.

TABLE IV. Distribution of HCV Genotypes Among
Anti-HCV-Positive Children and Adults

Age (years)
Type of HCVa

HCV RNA
NegativeI II III IV

Children <18 6 3 0 3 4
Adults ù18 19 21 1 0 3
P value* 0.007
aDual infection by types I and II in one child and four adults; by types
II and III in one adult.
*Mantel-Hanszel chi square (d.f. 4 3).
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ciency of the latter route in transmitting virus is sub-
stantial for all blood-borne-viruses, whereas the effi-
ciency of former is variable depending on the type and
titer of the virus.

In the case of HBV, early childhood acquisition of
HBV via vertical or horizontal non-parenteral trans-
mission is of pivotal importance in rendering lifelong
chronic infection in an individual and preserving viral
reservoirs within a population [Stevens et al., 1975;
Beasley et al., 1982]. In this study, we investigated
vertical and horizontal HCV transmission among chil-
dren in a community with evidence of hyperendemic
HCV infection (30–40%) among adult inhabitants by
serologic tests and RNA study. Despite continuous ex-
posure within the household, children were largely un-
infected, indicating that vertical and horizontal HCV
transmissions are of minute importance–quite differ-
ent from the case of HBV. That the ongoing horizontal
transmission was low for HCV but high for HBV and a
lack of clustering of these two viral infections, i.e., a
disproportionate number infected by either both vi-
ruses or neither, among the household members pro-
vided further evidence that these two viruses did not
share common sources for their transmission. Based on
findings in this and other studies showing that the re-
productive rate to the spouse and other household con-
tacts of an HCV-infected individual is much less than
one [Biltz-Dorfman et al., 1994; Buchbinder et al.,
1994; Ho et al., 1994; Thomas et al., 1995; Nakashima
et al., 1995], we conclude that nonparenteral transmis-
sion alone is neither capable of escalating the HCV
prevalence in a community from a low level to a hyper-
endemic state nor able to sustain the hyperendemic
state of HCV infection within a community.

As to the cause of high HCV infection in isolated
communities, following several previous unfruitful
searches [Hayashi et al., 1995; Tawaraya et al., 1995;
Wu et al., 1992], we ascertained, through investigation
of life-long residential histories of villagers, that physi-
cal presence in the village in a specified period in the
past was prerequisite for risk exposure to HCV infec-
tion within the village. It is not clear if the mere ab-
sence from the village was protective or if the experi-
ence of having resided outside of the village might have
altered their life style towards a reduced risk for HCV

infection. We have been unable to further discern ei-
ther conventional known risks or any unique tribal or
religious rituals that might involve group activities of
percutaneous puncture or communal sharing of body
fluid. The epidemiologic data did provide evidence that
this risk has been greatly reduced in the past decade. It
is worth noting that a clinic in the village was allegedly
operated by an unlicensed physician until recent years,
and receiving parenteral injections at a public or a pri-
vate clinic was a common experience among a great
majority (87.5%) of our study subjects, including both
children and adults. Differential rates of HCV infection
were observed for those with vs. those without paren-
teral injection for both adults and children. There were
too few adults totally devoid of this risk exposure for a
meaningful comparison, but children’s risk for HCV in-
fection was significantly linked to receiving parenteral
injection in local clinic and pharmacy. Disposable sy-
ringes and needles gained universal popularity to re-
place reusable needles in Taiwan only in the last de-
cade [Chen et al., 1995; Wu et al., 1992]. The isolated
population and their exposure to insufficiently steril-
ised reusable hypodermic needles at a limited number
of clinics and pharmacies could conceivably resemble
needle-sharing among groups of intravenous drug ad-
dicts in whom extremely high rates (up to 80%) of HVC
infection have been documented [Garfein et al., 1996;
Galeazzi et al., 1995; Goodrick et al., 1994]. For future
control of HCV infection in this community or other
similar communities with high prevalence of anti-HCV
[Hayashi et al., 1995; Delaporte et al., 1993; Goto et al.,
1993], monitoring HCV prevalence among children can
best reflect ongoing HCV transmission. In fact, we
have systematically surveyed school children in several
rural aboriginal villages in Taiwan and found an uni-
formly low (< 2%) anti-HCV positive rates (National
Institute of Preventive Medicine, unpublished data). In
the rare instance of a high anti-HCV positive rate
among children [Ngatchu et al., 1992], we suggest a
vigorous search for an ongoing parenteral risk, which
should be preventable with current technology.

Implication for HCV Control

The advances in serologic testing of viruses and ster-
ilisation techniques, as well as better enforcement in
using disposable needles, will lessen the importance of
HCV among general population but will most likely
further highlight the certain subgroups with continu-
ing parenteral risk, such as intravenous drug addicts
who already constitute the largest portion of HCV in-
fections in many developed countries [Alter et al., 1990;
Conry-Cantilena et al., 1996; MacLindon et al., 1995].
In addition to more innovative education programs,
policy modification might become necessary in dealing
with blood-borne viruses among drug addicts. In devel-
oping countries where serologic screening for HCV is
not yet available, instituting screening programs
should be the top priority for HCV control. Further-
more, considering the minute importance of nonparen-
teral transmission of HCV and the reduction of paren-

TABLE V. Coinfection of HBV and HCV Among the 208
Household Members

Chronic HCV carriers
Yes No

P-value*n (%) n (%)

Anti-HBc serology
(n 4 208) 0.07

Pos. 45 (83.3) 109 (70.8)
Neg. 9 (16.7) 45 (29.2)

Chronic HBsAg carriers
(n 4 155) 0.03

Yes 10 (22.2) 44 (40.4)
No 35 (77.8) 65 (59.6)

*Mantel-Haenszel chi square.
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teral risk, developing a HCV vaccine for use in the
general population becomes a lower priority than the
control measures discussed above. For individuals who
are already infected by both HBV and HCV, the long-
term health consequences warrant monitoring to
achieve early detection of hepatocellular carcinoma
[Tsai et al, 1994]. The epidemiologic observation of an
inverse correlation between HCV infection and HBsAg
carrier status in this and other studies [Ko et al, 1992;
Liaw et al., 1994], in conjunction with the in vitro cor-
roboration in that cotransfection of HCV core protein
and HBV DNA can result in suppression of HBV rep-
lication and protein expression [Shih et al., 1993] may
prove to be of use in clinical application if further elu-
cidated.
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