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ABSTRACT
Aim The aim of this study was to explore the community-
level risk factors, such as high hepatitis C viruse (HCV)-
RNA positive rate and limited medical resources in
a township, for HCV infection, one major cause of liver
cirrhosis and hepatocellular carcinoma.
Methods This study enrolled 23 820 residents living in
155 villages of seven townships in Taiwan in 1991e2 to
explore both individual and community risk factors for
HCV infection. Antibodies against HCV (anti-HCV), HCV-
RNA and HCV genotype in serum samples were
determined by enzyme immunoassay, PCR and melting
curve analysis, respectively.
Results The overall anti-HCV seroprevalence was 5.5%,
HCV-RNA was detectable in 68.1% of the seropositives
of anti-HCV, and genotype 1 was the most prevalent
genotype (54.6%). Personal risk factors for the
seropositivity of anti-HCV included older age, female
gender, low educational level and history of blood
transfusion. Based on the multilevel analysis, persons
living in villages with high HCV-RNA-positive rates and
limited healthcare resources had an increased
seroprevalence of anti-HCV after adjustment for
individual risk factors. The multivariate-adjusted
prevalence OR (95% CI) was 3.49 (1.80 to 6.76) and
8.48 (5.07 to 14.20) for villages with medium and high
HCV-RNA positive rate, respectively. The multivariate-
adjusted OR (95% CI) was was 1.75 (0.76 to 4.01) and
3.91 (2.25 to 6.80), respectively, for villages with
medium and poor healthcare resources.
Conclusions This study suggests that community risk
factors contribute significantly to the variation in anti-HCV
seroprevalence. It implies both the adequacy of
healthcare resources and the treatment of patients
positive for HCV-RNA may prevent individual residents
from the acquisition of HCV infection from the community.

Hepatitis C virus (HCV) infects approximately 130
million people worldwide, roughly 3% of the
human population.1 Chronic hepatitis C can prog-
ress to end-stage liver diseases2 and accounts for
approximately one-third of liver cancers globally,3

presenting a significant public health burden.
Although hepatitis B virus (HBV) infection
contributes most of hepatocellular carcinomas in
developing countries in Asia,4 HCV infection is
becoming increasingly important as a result of the
successful HBV vaccination programme.5 6

Epidemiological characteristics of HCV infection
are important for the prevention of its spread in the

community. However, most previous studies
mainly enrolled blood donors or clinical patients
rather than the general population as study partic-
ipants.7e9 Drug users sharing injection equipment is
a major risk factor for HCV infection in western
countries,10e12 whereas unsafe medical injections
using incompletely sterilised equipment are
predominant in Taiwan.13 14 Other risk factors
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Significance of this study

What is already known about this subject?
< There were great geographical variations in the

seroprevalence of HCV, which could not be
accounted for sufficiently by personal risk
factors.

< Residents living in the same area may share
a similar likelihood of acquiring infections and
the risk factors for infection with HCV may be
classified as individual and community risk
factors.

< Individual risk factors for HCV infection have
been extensively investigated, whereas commu-
nity risk factors have been rarely evaluated.

What are the new findings?
< A multilevel approach was utilised wherein

individual and community risk factors were
simultaneously added to the model to under-
stand which individual or community-level risk
factors were associated with personal HCV
infection.

< Communities with a high HCV-RNA-positive rate
or limited medical resources had increased anti-
HCV seroprevalence after taking into consider-
ation personal risk factors.

How might it impact on clinical practice in the
foreseeable future?
< Serum HCV-RNA test is important to identify

anti-HCV seropositives who may need appro-
priate interventions to reduce the risk of HCV
infection in areas with high HCV-RNA seropos-
itive rates.

< Assessment of community-level risk factors
enables implementation of a comprehensive
community programme for HCV prevention and
intervention.
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included age,15 educational level16 17 and residential area.12 14 16 18

The geographical variability in antibodies against HCV (anti-
HCV) seroprevalence may be explained by the compositional
differences in the risk factors in various regions.19 However,
several studies found that the geographical variation still existed
after adjustment for individual-level risk factors.14 20 These
results suggest personal characteristics alone may be insufficient
to account for the variations in anti-HCV seroprevalence among
regions, and the identification of community-level risk factors
may help explain the geographical discrepancy and prevent the
spread of HCV in communities.

The community-level factors contributing to geographical
variations in anti-HCV seroprevalence may include the HCV-
RNA-positive rate and adequacy of healthcare resources. HCV-
RNA was detectable in sera samples of 52e80% seropositives of
anti-HCV,15 16 20e23 and individuals with elevated serum HCV-
RNA levels had an increased risk of hepatocellular carcinoma.24

As patients seropositive for anti-HCV and detectable for HCV-
RNA had a high transmissibility, and residents living in areas
with high HCV-RNA-positive rates may have an increased risk
of being seropositive for anti-HCV. Individuals received thera-
peutic injections given by non-licensed healthcare providers
were reported to have an elevated risk of anti-HCV seroposi-
tivity.13 14 25 Therapeutic equipment might be reused in areas
where healthcare resources are relatively inadequate. People
living in such areas may thus have a similar likelihood of
contracting infection as a result of sharing the same medical
facilities. Therefore, inadequate healthcare resources may be
a community-level risk factor associated with HCV infection.

In our previous caseecontrol study of 272 anti-HCV-sero-
positive cases and 282 matched seronegative controls,14 we
evaluated individual risk factors associated with the HCV
infection. Comprehensive information on correlates of anti-
HCV seropositivity, including a detailed history of blood trans-
fusion, haemodialysis, tattooing and medical injection, was
collected through standardised questionnaire interviews. Iatro-
genic risk factors such as blood transfusion, medical injection
and accupunture as well as tattooing were all significantly
associated with HCV infection. Among them, a history of blood
transfusion was the most important risk factor for HCV infec-
tion. Intravenous drug abuse was not a risk factor for HCV
infection in the general population of Taiwan.

The specific aim of this study was to assess the importance of
township-level risk factors for HCV infection by utilising
a multilevel approach.26 The identification and intervention of
both individual and community-level risk factors may help the
prevention of HCV transmission in communities.

MATERIALS AND METHODS
Study area and participant enrolment
The study area and participant enrolment have been described
previously.27 In this community-based cancer screening
programme started in 1991e2, seven townships were selected as
study areas. They included two northern townships (Sanchi and
Chutung) and two southern townships (Potzu and Kaohsu) on
the main Taiwan island, and three townships (Makung, Huhsi,
and Paihsa) on Penghu islets. There were 12e34 villages in these
townships with a total of 155 villages.

At study entry, the names, national identification numbers
and addresses of residents aged 30e65 years were abstracted
from the household registration offices in seven study town-
ships. In total, 89 293 ethnic Chinese individuals (47 079 men
and 42 214 women) residing in the seven townships were invited

to participate in the study. Invitation letters were initially
mailed. Residents who did not respond to the invitation were
called on the telephone. Among all invited residents, 23 820
(11 973 men and 11 847 women) provided informed consent and
were enrolled in this study. Demographic data for residents who
did not participate in this study were quite similar to those of
residents who agreed to participate.27 The participants were
personally interviewed using structured questionnaires, and
received health examinations including biochemical and sero-
logical tests at recruitment. Blood samples were obtained using
disposable needles and heparinised vacuum syringes. The study
protocol was reviewed and approved by the Institutional Review
Board of the College of Public Health at National Taiwan
University.

Community-level risk factors
Participants residing in villages of a study township shared the
same living environment including healthcare facilities. There-
fore this study explored community-level risk factors including
HCV-RNA-positive rates and healthcare resources in each
township. The HCV-RNA-positive rate was calculated by the
percentage of persons detectable for HCV-RNA among partici-
pants seropositive for anti-HCV in each township. It was cate-
gorised as low, medium and high HCV-RNA-positive rate for the
first, second and third, and fourth quartile of HCV-RNA-positive
rates. For healthcare resources, number of physicians per 100 000
population was used as a surrogate,28 which was obtained from
the government statistical reports in 1991. The healthcare
resource index was categorised as poor, medium and adequate by
the first, second and third, and fourth quartile of the mean
number of licenced physicians per 100 000 population in the year
1991 in Taiwan.

Individual-level risk factors
Personal interviews by trained public health nurses using
a structured questionnaire were carried out to collect informa-
tion on sociodemographic characteristics, familial history of
cancers and lifestyle variables from each participant. Variables
including age, sex, educational level and history of blood trans-
fusion were regarded as potential individual risk factors for HCV
infection in this study.

Laboratory examinations
Blood samples were collected without anticoagulant and were
separated by centrifugation at room temperature. Serum
samples were stored at �708C. These procedures were
completed within 6 h of sample collection. All samples were
collected and frozen according to standardised procedures and
tested in a central laboratory. Serum samples were tested for
anti-HCV using an enzyme immunoassay with commercial kits
(Abbott HCV EIA version 2.0; Abbott Laboratories, Illinois,
USA; or AxSYM HCV 3.0; Abbott Laboratories). HCV-RNAwas
measured for samples positive for anti-HCV using the COBAS
TaqMan HCV test, v2.0 (Roche Diagnostics, Indianapolis, New
Jersey, USA), an in-vitro nucleic acid amplification test for the
quantification of HCV-RNA. The detection limit of serum HCV-
RNA was 25 IU/ml. Participants with serum HCV-RNA levels
equal to or higher than 25 IU/ml were defined as those with
detectable HCV-RNA. Serum samples positive for HCV-RNA
were examined for HCV genotypes by LightCycler-based PCR
and melting curve analysis, which could effectively differentiate
different HCV genotypes by showing different melting
temperatures. In this test, HCV genotype 1 and HCV genotype
non-1 have been examined and the genotype calling for
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genotype 1 and non-1 can achieve a 100% accuracy by the
current design.29 30

Statistical analysis
Possible trends in age-specific anti-HCV seroprevalence were
evaluated using the CochraneArmitage trend test. The agee
sex-standardised anti-HCV seroprevalence was derived for
comparison at the village level (using the entire group of study
participants as the standard population). Logistic regression
models were performed to evaluate potential correlates of
detectable HCV-RNA and HCV genotypes in participants sero-
positive for anti-HCV. All statistical procedures were conducted
using SAS software (version 9.1).

The data in this study were treated as a two-level hierarchical
structure with participants nested within each village. The
villages were treated as clusters in the multilevel analysis. The
procedures of the multilevel models suggested by Merlo and
colleagues31e33 were used in this study. First, an empty model
without explanatory variables was used to assess variations of
anti-HCV seroprevalence among villages and to test the statis-
tical significance of the variation. Then, the individual risk
factors were included to investigate the extent of the variation
among villages that could be explained by the individual
compositional differences. Finally, the model was expanded to
incorporate community-level risk factors of villages.

The proportional change in variance was used to examine the
changes in village-level variances between two different models
by including individual risk factors or community-level risk
factors.33 The median OR was used to measure village hetero-
geneity in anti-HCV seroprevalence.31 34 A large median OR (far
greater than one) indicated the existence of geographical clus-
tering in anti-HCV seroprevalence. The MLwiN software
version 2.035 36 was used for all multilevel analyses.

RESULTS
Among 23 820 participants, 35 had inadequate serum samples
for the serological test of anti-HCV. The overall seroprevalence
of anti-HCV was 5.5% in 23 785 participants. There was
a significant increasing trend of anti-HCV seroprevalence with
increasing age for both men and women. Women had a higher
prevalence of HCV infection than men in each age stratum, as
shown in table 1. There was a great variation in anti-HCV
seroprevalence ranging from 2.0% to 26.4% among seven
townships, as shown in table 2. Table 2 also shows the preva-
lence of detectable HCV-RNA and HCV genotypes in seven
townships. Among 1195 participants seropositive for anti-HCV
with adequate serum samples for HCV-RNA testing, 789
(68.1%) were positive for HCV-RNA. In general, study town-
ships with a higher anti-HCV seroprevalence had a higher
positive rate of HCV-RNA. Among participants seropositive for

anti-HCV, men were more likely to be HCV-RNA detectable
than women with an age-adjusted OR (95% CI) of 2.24 (1.73 to
2.92). Individuals who had a history of blood transfusions had
a 1.41 (95%CI, 1.03 to 1.93) times risk of being positive for
HCV-RNA after adjustment for age and sex (data not shown).
In table 3 is shown the distribution of HCV genotypes among

participants with detectable HCV-RNA. There were 394 (54.6%)
individuals infected with HCV genotype 1 and 328 (45.4%)
infected with HCV genotype non-1. The frequency distribution
of HCV genotype was significantly different among four
townships in the main Taiwan island (p<0.01), whereas it was
similar among three townships in Penghu Islets. Age, sex and
blood transfusion history were not significantly associated with
HCV genotype examined by logistic regressions in this study.
There were several villages within the seven townships we

studied and the ageesex standardised seroprevalence of anti-
HCV showed a great variation in these villages. The seropreva-
lence ranged from 3.3% to 19.9% in 13 villages in Sanchi
Township, 1.5e44.6% in 27 villages in Potzu Township,
1.8e16.1% in 25 villages in Chutung Townships, 0e5.9% in 19
villages in Kaohsu Township, 0.6e50.1% in 15 villages in Paihsa
Township, 0e35.1% in 22 villages in Huhsi Township and
0e6.9% in 34 villages in Makung Township. The variation at the
village level was more striking than that at the township level.
The number of villages by different anti-HCV seroprevalence
within seven townships is displayed in table 4 to show the
variation in anti-HCV seroprevalence among villages.
Table 5 shows the measures of association with individual and

community-level risk factors as well as measures of variation or
clustering for seroprevalence of anti-HCV derived frommultilevel
logistic regression models. In the empty model (model 0 median
OR (95% credible interval) of 2.95 (2.56 to 3.48), suggesting that
the heterogeneity of anti-HCV seroprevalence among villages
was noteworthy. The variance was almost not reduced (only
1.6%) when individual characteristics for anti-HCV seroposi-
tivity were included into the model (model 1). Older ages, low
educational levels and a history of blood transfusion were
significantly associated with an increased seroprevalence of
anti-HCV.
When community-level risk factors, that is, the adequacy of

healthcare resources and HCV-RNA seropositive rate in villages
were included, the village-level variance decreased 57.4%,
compared with the variance in the model with individual risk
factors alone (model 1). The results suggested that the inclusion
of community-level risk factors was important. In the final
model (model 2), two community-level risk factors and four
individual-level risk factors were included to evaluate their
associations with anti-HCV seroprevalence. Among participants
living in the same village, older ages, low educational levels
and a history of blood transfusion remained significantly asso-
ciated with an increased risk of anti-HCV seropositivity.

Table 1 Seroprevalence of antibodies against HCV by age and sex in 1991e2 in Taiwan

Total population Men Women

Age
(years)*

No
tested

No of
positive

Prevalence with 95%
CI (%)

No
tested

No of
positive

Prevalence with 95%
CI (%)

No
tested

No of
positive

Prevalence with 95%
CI (%)

30e39 6820 226 3.3 (2.9 to 3.7) 3263 107 3.3 (2.7 to 3.9) 3557 119 3.4 (2.8 to 3.9)

40e49 6240 297 4.8 (4.2 to 5.3) 2943 120 4.1 (3.4 to 4.8) 3297 177 5.4 (4.6 to 6.1)

50e59 7295 529 7.3 (6.7 to 7.9) 3695 223 6.0 (5.3 to 6.8) 3600 306 8.5 (7.6 to 9.4)

60e65 3430 261 7.6 (6.7 to 8.5) 2067 127 6.1 (5.1 to 7.2) 1363 134 9.8 (8.3 to 11.4)

Overall 23785 1313 5.5 (5.2 to 5.8) 11968 577 4.8 (4.4 to 5.2) 11817 736 6.2 (5.8 to 6.7)

*p for trend <0.01 for both men and women.
HCV, hepatitis C virus.

690 Gut 2011;60:688e694. doi:10.1136/gut.2010.220889

Hepatology

group.bmj.com on June 23, 2015 - Published by http://gut.bmj.com/Downloaded from 

http://gut.bmj.com/
http://group.bmj.com


Participants living in a village with a high HCV-RNA-positive
rate had an increased risk of being seropositive for anti-HCV
compared with those living in a village with a low HCV-RNA-
positive rate. The odds ratios were 3.49 (1.80e6.76) and 8.48
(5.07e14.20), respectively, for participants living in villages with
medium and high positive rates in comparison with those living
in villages with low HCV-RNA-positive rates. Participants living
in a village with relatively limited healthcare resources also had
an elevated risk of HCV infection than those living in a village
with adequate healthcare resources. Compared with those living
in villages with adequate medical resources as the reference
group, participants living in villages with medium and poor
medical resources had 1.75 (0.76e4.01) and 3.91 (2.25e6.80)
times the risk of being seropositive for anti-HCV.

DISCUSSION
This community-based study in Taiwan found an anti-HCV
seroprevalence of 5.5%, which was moderately high compared
with the seroprevalence ranging from 0.9% to 12.6% in other
large surveys.15 16 21 22

There are six genotypes of HCV,37 which may be used to
determine the duration and dosage of interferon therapy and to
predict the antiviral response.38 HCV genotype 1 was reported
as the most prevalent genotype with a proportion ranging
from 51% to 74% in community-based studies in western
countries.16 21e23 Previous studies found significant geographical
variations in the distribution of HCV genotypes.8 9 21 However,
HCV genotypes could only be determined among anti-HCV
seropositives with detectable HCV-RNA, and the genotype-

specific HCV prevalence might be imprecisely estimated by low
HCV infection rates.8 21 A large number of participants from the
general population are essential for the accurate assessment of
geographical variation in HCV genotypes. In this study, the
proportions of HCV genotype 1 and non-1 were quite different
in four study townships on the main Taiwan island, but similar
in three townships in Penghu Islets. It might be interpreted that
these three townships in Penghu Islets are located closely to each
other and shared common healthcare facilities as also observed
in Italy.39

Women in this study had a higher anti-HCV seroprevalence
than men, whereas men in western countries had a higher anti-
HCV seroprevalence than women.10 11 Disposable medical
equipment was not commonly used throughout Taiwan before
1980, when the glucose-based nutrient or vitamin injections
were frequently prescribed to sick people. As women were more
concerned about their health status or minor illnesses, they were
more likely to receive the injection than men. Men infected with
HCV might also have a higher mortality rate than infected
women, and anti-HCV prevalence in men would thus be more
likely to be lower than women due to a faster attrition of the
infected. Obstetric measures might also put women at higher
risk than men for HCV infection. Unfortunately, we did not
collect data on parity from woman participants to examine this
hypothesis.
The increasing anti-HCV seroprevalence with advanced age

observed in this study was similar to those found in Japan and
India.15 19 Older participants may have more chances to receive
multiple injections, which resulted in a higher cumulative HCV
infection risk during their lifetime. Furthermore, older

Table 2 Prevalence of antibodies against HCV (anti-HCV) and prevalence HCV-RNA viraemia in 1991e2, stratified by seven study townships in
Taiwan

Anti-HCV HCV-RNAy
Townships No tested No of positive Prevalence with 95% CI (%) No tested* No of positive Prevalence with 95% CI (%)

Taiwan main island

Sanchi 1450 206 14.2 (12.4 to 16.0) 182 130 71.4 (64.9 to 78.0)

Potzu 3600 252 7.0 (6.2 to 7.8) 198 148 74.8 (68.7 to 80.8)

Chutung 5402 220 4.1 (3.5 to 4.6) 194 127 65.5 (58.8 to 72.2)

Kaohsu 3874 77 2.0 (1.6 to 2.4) 69 40 58.0 (46.3 to 69.6)

Penghu islands

Paihsa 1305 345 26.4 (24.1 to 28.8) 318 229 72.0 (67.1 to 76.9)

Huhsi 1840 71 3.9 (3.0 to 4.7) 68 38 55.9 (44.1 to 67.7)

Makung 6314 142 2.3 (1.9 to 2.6) 130 77 59.2 (50.8 to 67.7)

Total population 23785 1313 5.5 (5.2 to 5.8) 1159 789 68.1 (65.4 to 70.8)

*One hundred and fifty-four anti-hepatitis C virus (HCV)-positive serum samples were inadequate for the HCV-RNA test.
yPrevalence of HCV-RNA viraemia among participants seropositive for anti-HCV.

Table 3 Prevalence of HCV genotypes among participants with detecf HCV-RNA in 1991e2, stratified by seven study townships in Taiwan

Genotype 1 Genotype non-1

Townships No tested No Prevalence with 95% CI (%) No Prevalence with 95% CI (%)

Taiwan main island

Sanchi 117 92 78.6 (71.2 to 86.1) 25 21.4 (13.9 to 28.8)

Potzu 139 88 63.3 (55.3 to 71.3) 51 36.7 (28.7 to 44.7)

Chutung 119 36 30.3 (22.0 to 38.5) 83 69.8 (61.5 to 78.0)

Kaohsu 36 9 25.0 (10.9 to 39.2) 27 75.0 (60.9 to 89.2)

Penghu islands

Paihsa 210 115 54.8 (48.0 to 61.5) 95 45.2 (38.5 to 52.0)

Huhsi 31 15 48.4 (30.8 to 66.0) 16 51.6 (34.0 to 69.2)

Makung 70 39 55.7 (44.1 to 67.4) 31 44.3 (32.7 to 55.9)

Total population 722 394 54.6 (50.9 to 58.2) 328 45.4 (41.8 to 49.1)

HCV, hepatitis C virus.
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participants who lived through World War II (1939e45) may
have an increased risk of exposure to HCV infection due to the
shortage of healthcare resources.

The individual risk of anti-HCV seropositivity may be
personally and ecologically determined. Individual risk factors
for HCV infection have been extensively investigated.14e17 40

However, what community-level risk factors determine anti-
HCV seropositivity was rarely investigated. To achieve this goal,
a multilevel analysis has been adopted in a growing number of
recent epidemiological studies,26 because it provides more accu-
rate standard error estimations by accounting for the non-
independence of observations nested within contexts. There
were two studies using multilevel analysis to examine the risk
factors of HCV infection.41 42 These two studies were limited to
families of study subjects with specific exposure. In our study,
only 1.6% of geographical variation in anti-HCV seroprevalence
was attributable to individual risk factors. In comparison, 57.4%
of geographical variation in anti-HCV seroprevalence was due to
ecological factors at the village level. The finding suggests the
importance of looking beyond individual-level risk factors into
community-level risk factors in the study of HCV infection.

A previous ecological study found residents living in less
affluent areas had an increased prevalence of anti-HCV,18 which

supported our findings that healthcare resources in villages were
important in the determination of geographical variation in anti-
HCV seroprevalence. The application of mapping technology in
this study is useful for summarising and displaying information
in a contextually and spatially meaningful fashion. Unfortu-
nately, no information on age, gender, education level and
socioeconomic status was collected for each individual in each
study area. As HCV infection may be more prevalent in some
demographic groups in some study areas, the lack of individual
risk factors might result in difficulties in the interpretion of the
findings and ecological fallacy (the associations between afflu-
ence and HCV prevalence at the community level might not be
found at the individual level). Healthcare providers might reuse
syringes or needles when delivering medications in order to save
money in villages with limited resources. There might also be
some non-licensed health workers who provided unsafe injec-
tions without using standard procedures in villages with poorer
healthcare resources. Unsafe injections might be the most
important transmission route for HCV in these villages.
A recent study found that persons born in high HCVendemic

area had an increased risk of being positive for anti-HCV,12

suggesting that HCV infection may be determined by ecological
characteristics. An important ecological factor that determines
anti-HCV seropositivity was the HCV-RNA-positive rate in
communities. This study found that participants living in
villages with high HCV-RNA detectable rates had an increased
seroprevalence of anti-HCV. Viraemic participants positive for
both anti-HCV and HCV-RNA have highly replicating HCV,
which may be the major transmission source in villages. Previous
studies found infected mothers with detectable HCV-RNA had
an increased likelihood to transmit the virus to their infants.43

Relatives living in families of anti-HCV-seropositive patients
with detectable HCV-RNA had a twofold risk of HCV infection
compared with those living in families of patients negative for
HCV-RNA.41 Our findings imply that anti-HCV seropositives
with undetectable HCV-RNA were those who cleared the virus
and they were no longer a source of efficient transmission.

Table 5 Measures of association with individual and community-level risk factors as well as measures of variation or clustering for seroprevalence of
anti-HCV derived from multilevel logistic regression models

Model 0 (empty model) Model 1 Model 2

Measures of association (OR, 95% CI)

Individual-level risk factors

Sex (male vs female) 0.92 (0.80 to 0.99) 0.92 (0.81 to 1.01)

Age (in 10-year increment) 1.20 (1.12 to 1.30) 1.19 (1.12 to 1.27)

Educational level (vs 7+ years)

1e6 years 1.69 (1.44 to 1.99) 1.65 (1.42 to 1.94)

Illiteracy 2.02 (1.63 to 2.45) 1.92 (1.58 to 2.33)

History of blood transfusion (yes vs no) 3.55 (3.04 to 4.14) 3.26 (2.81 to 3.77)

Community-level risk factors

HCV-RNA-positive rate (vs low)*

Medium 3.49 (1.80 to 6.76)

High 8.48 (5.07 to 14.20)

Adequacy of healthcare resource (vs adequate)y
Medium 1.75 (0.76 to 4.01)

Poor 3.91 (2.25 to 6.80)

Measures of variation or clustering

Village-level variance (SE) 1.29 (0.18) 1.27 (0.18) 0.54 (0.11)

PCV �1.6% �57.4%

MOR (95% CrI) 2.95 (2.56 to 3.48) 2.93 (2.54 to 3.45) 2.06 (1.83 to 2.35)

*Categorised as high, medium and low for the first, second and third, and fourth quartile of hepatitis C virus (HCV)-RNA-positive rate among anti-HCV seropositives in townships.
yLicensed physician number per 100 000 population, categorised as adequate, medium and poor for the first, second and third, and fourth quartile of number of physicians per 100 000
population in Taiwan in 1991.
CrI, credible interval; MOR median odds ratio PCV proportional change in variance.

Table 4 Number of villages by various age-sex standardised anti-HCV
seroprevalence within seven townships in Taiwan in 1991e2

Age-sex standardised anti-HCV
seroprevalence (%)

Township No of villages <2.5 2.5e<5 5e<10 10e<20 ‡20

Sanchi 13 0 2 0 9 2

Chutung 25 7 11 4 2 1

Potzu 27 1 9 13 3 1

Kaohsu 19 13 15 1 0 0

Makung 34 24 8 2 0 0

Huhsi 22 8 8 2 0 2

Paihsa 15 1 0 1 1 12

HCV, hepatitis C virus.
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Whereas participants with detectable HCV-RNA had active
HCV replication and played as infection sources by iatrogenic
transmission routes. It highlighted the importance of the serum
HCV-RNA test for patients who are seropositive for anti-HCV
to identify those with persistent HCV infection in order to
control the spread of the virus.

The finding of a trend of increasing anti-HCV prevalence with
the increase in the HCV-RNA seropositive rate suggested that
individuals with detectable serum HCV-RNA levels may be the
major infection source of HCV in the community. Anti-HCV
seropositives identified from community surveillance should be
referred for further examination of the serum HCV-RNA level
and necessary treatment to prevent the spread of HCV in the
community. The trend of increasing anti-HCV prevalence with
the decreased adequacy of healthcare resources suggests the
importance of education on HCV prevention provided to
healthcare workers in areas with inadequate resources.

To our knowledge, this study is the first to incorporate indi-
vidual and community-level risk factors to elucidate the
geographical variation of anti-HCV seroprevalence. In this
community-based cancer screening programme, we screened
three important cancers in Taiwan, namely liver cancer, cervical
cancer and nasopharyngeal cancer. As HBV and HCV are the
most important causes of liver cancer in Taiwan, we tested
seromarkers including serum levels of alanine aminotransferase
and alpha-fetoproten and serostatus of hepatitis B surface
antigen (HBsAg) and anti-HCV to identify high-risk participants
for regular examinations by ultrasonography. Interestingly,
among 1313 anti-HCV-seropositive participants, 218 were
seropositive for HBsAg showing a dual infection rate of 0.92%
(218/23820) in the entire study participants. The HBsAg-sero-
positive prevalence was 14.2% (112/789) and 19.5% (72/370),
respectively, for those with and without detectable serum HCV-
RNA levels, suggesting that HBV might be suppressed in those
with active HCV infection. In this study we did not collect
detailed information on risk factors associated with HCV
infection for the entire cohort. However, iatrogenic risk factors
were found to be significant correlates for HCV infection in our
previous caseecontrol study.14 The past or current drug abuse
was not collected because illicit drug use was infrequent in
Taiwan,44 45 particularly in our agriculture/fishery-based study
townships. It is criminal to sell or use illicit drug in Taiwan.
Although injection drug use may contribute significantly to
HCV infection in western countries, it was considered a less
important risk factor as found in our previous studies.

The strengths of this community-based study were the
enrolment of a large group of participants and the application of
a multilevel analysis to identify both individual and community
risk factors associated with HCV infection. The large sample size
ensured the precision of seroprevalence estimates, and enabled
the detection of geographical variation. By means of multilevel
analysis, community-level risk factors associated with anti-HCV
seroprevalence were assessed. It would be valuable to focus
interventions on specific ecological factors in order to reduce
individual risk of HCV infection. In addition to allocating more
heathcare resources in inadequate villages, the treatment of
patients with persistent HCV infection will reduce the risk of
HCV infection in areas with high HCV-RNA-positive rates.
Assessment of community-level risk factors will enable us to
implement a comprehensive community programme for HCV
prevention and intervention.

In conclusion, people living in the same villages share a similar
risk of being infected with HCV. This cross-sectional survey
conducted in 1991e2 indicated that community-level risk

factors such as high HCV-RNA-positive rates and shortage of
healthcare resources played important roles in the geographical
variation in anti-HCV seroprevalence. The detection and treat-
ment of patients with detectable HCV-RNA and avoidance of
unsafe injections are essential for the prevention of new HCV
infections.
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APPENDIX
Other members of the REVEALeHCV study group: National Taiwan University
Hospital: CY Hsieh, HS Lee, PM Yang, CH Chen, JD Chen, SP Huang, CF Jan; National
Taiwan University: THH Chen; National Defence Medical Center: CA Sun; Taipei City
Psychiatric Center: MH Wu; Tzu Chi University: SY Chen; Shin Kong Wu Ho-Su
Memorial Hospital: KE Chu; Huhsi Health Center, Penghu County: SC Ho, TG Lu;
Provincial Penghu Hospital: WP Wu, TY Ou; Sanchi Health Center, Taipei County: CG
Lin; Provincial Chutung Hospital: KC Shih; Provincial Potzu Hospital: WS Chung, C Li;
Kaohsu Health Center, Pingtung County: CC Chen; Paihsa Health Center, Penghu
County: WC How.

Editor’s quiz: GI snapshot

ANSWER
From the question on page 657

This patient has developed a ‘squashed stomach syndrome’.
The CT shows encysted ascites within the lesser sac
compressing the stomach such that it is reduced to a thin
crescent.

Lesser sac ascites is usually associated with metastatic
ovarian cancer.1 In this case, the remainder of the CT exami-
nation revealed widespread abdominal and pelvic lymphade-
nopathy with deposits in the omental and pelvic fat. Bilateral
heterogenous ovarian masses were subsequently biopsied
under CT guidance and reported as poorly differentiated serous
carcinoma.

Squashed stomach syndrome is recognised in palliative care,
often the result of hepatomegaly obstructing the gastric outlet.2

Obstruction of the upper gastrointestinal tract by lesser sac
ascites, however, is rare, with only a few case reports.3 4 A study of
438 cases of ovarian cancer reported only three with squashed
stomach syndrome due to ascitic compression.5 In these cases,
image-guided drainage of the lesser sac relieved symptoms
immediately.

Squashed stomach syndrome classically causes early satiety
and gastro-oesophageal reflux, as in this case. Conservative
management includes small, frequent meals and the use of
metoclopramide.2

Competing interests None.

Patient consent Obtained.

Provenance and peer review Not commissioned; externally peer reviewed.

Gut 2011;60:694. doi:10.1136/gut.2009.190264a

REFERENCES
1. Spencer JA. Ovarian cancer: what’s new, where next? Cancer Imaging

2003;4:19e21.
2. Kuebler KK, Davis MP, Moore CD. Palliative practices. New York: Mosby, 2005.
3. Katz LB, Frankel A, Cohen C, et al. Ovarian cancer complicated by gastric outlet

obstruction. J Surg Oncol 1981;18:261e4.
4. Krebs JB, Walsh J, Goplerud DR. Gastric outlet obstruction caused by ascitic fluid

entrapment in the lesser sacda complication of advanced cancer: report of 2 cases.
Gynecol Oncol 1982;14:105e11.

5. Spencer JA, Crosse BA, Mannion RAJ, et al. Gastroduodenal obstruction from
ovarian cancer: imaging features and clinical outcome. Clin Radiol
2000;55:264e72.

694 Gut May 2011 Vol 60 No 5

Hepatology

group.bmj.com on June 23, 2015 - Published by http://gut.bmj.com/Downloaded from 

http://gut.bmj.com/
http://group.bmj.com


2−residents in Taiwan in 1991
hepatitis C virus infection: a survey of 23?820

 Community and personal risk factors for

Chen, Chien-Jen Chen and for the R.E.V.E.A.L.-HCV Study Group
Yeh, Chun-Jen Liu, San-Lin You, Chien-An Sun, Li-Yu Wang, Wei J 
Mei-Hsuan Lee, Hwai-I Yang, Chin-Lan Jen, Sheng-Nan Lu, Shiou-Hwei

doi: 10.1136/gut.2010.220889
2011 60: 688-694 originally published online November 10, 2010Gut 

 http://gut.bmj.com/content/60/5/688
Updated information and services can be found at: 

These include:

References
 #BIBLhttp://gut.bmj.com/content/60/5/688

This article cites 42 articles, 8 of which you can access for free at: 

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Collections
Topic Articles on similar topics can be found in the following collections 

 (321)Cirrhosis
 (450)Hepatic cancer

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on June 23, 2015 - Published by http://gut.bmj.com/Downloaded from 

http://gut.bmj.com/content/60/5/688
http://gut.bmj.com/content/60/5/688#BIBL
http://gut.bmj.com//cgi/collection/hepatic_cancer
http://gut.bmj.com//cgi/collection/cirrhosis
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://gut.bmj.com/
http://group.bmj.com

