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Virus Infection in a Population of Okayama
Prefecture Screened for Liver Disease

Seiichiro Uesugi, Kazuhisa Taketa, Nirmal Rimal, Satoru Ikeda, Tetsu Kariya,
Narufumi Suganuma, Hideki Yamamoto, and Shohei Kira

Abstract

To better understand the spread of hepatitis C virus (HCV) infection, we studied the associ-
ation of HCV infection with similarly transmissible hepatitis B virus (HBV) infection and with
hepatitis A virus (HAV) infection, which is supposed to be related to a nosocomial transmission
of HCV. This was done by studying the presence or absence of antibodies to these viruses, as well
as hepatitis B surface antigen, in a population of 1,398 inhabitants with abnormal liver function
tests or history of liver disease and/or blood transfusion. This group was drawn from a group
of 7,905 examinees screened for liver disease in 26 districts of Okayama prefecture, Japan. The
prevalence of antibody-positive cases increased with age for those viruses. Small but significantly
increased odds ratios were obtained among anti-HCV antibodies (HCVAD), anti-hepatitis B core
antibodies (HBcAb) and anti-hepatitis A antibodies (HAVADb). After adjusting odds ratios by lo-
gistic regression analysis, a significant association was present only between HCVAb and HBcAb.
The distribution of age-adjusted prevalences (AAP) of HCVAD in 26 districts was significantly
wider than those of HBcAb or HAVAb. The district-based AAP of HCVAD, but not of HBcAb
and HAVAD, correlated significantly with the district-based prevalence of infectious hepatitis hav-
ing a tendency of chronicity reported in 1953-1955. Adjusted odds ratios calculated by logistic
regression analysis of the virus markers showed that HCVAb was significantly associated with a
past history of blood transfusion. Thus, the spread of HCV infection is speculated to have been
triggered by blood transfusion, particularly from paid donors initially, followed by transmission
by nosocomial or close person-to-person contact.

KEYWORDS: hepatitis A, hepatitis B, hepatitis C, seroepidemiology, route of infection, blood
exposure
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To better understand the spread of hepatitis
C virus (HCV) infection, we studied the associa-
tion of HCV infection with similarly transmissible
hepatitis B virus (HBV) infection and with hepati-
tis A virus (HAV) infection, which is supposed to
be related to a nosocomial transmission of HCV.
This was done by studying the presence or ab-
sence of antibodies to these viruses, as well as
hepatitis B surface antigen, in a population of
1,398 inhabitants with abnormal liver function
tests or history of liver disease and/or blood
transfusion. This group was drawn from a group
of 7,905 examinees screened for liver disease in
26 districts of Okayama prefecture, Japan. The
prevalence of antibody-positive cases increased
with age for those viruses. Small but significantly
increased odds ratios were obtained among anti-
HCV antibodies (HCVAb), anti-hepatitis B core
antibodies (HBcAb) and anti-hepatitis A anti-
bodies (HAVADb). After adjusting odds ratios by
logistic regression analysis, a significant associa-
tion was present only between HCVAb and
HBcAb. The distribution of age-adjusted preva-
lences (AAP) of HCVAD in 26 districts was signifi-
cantly wider than those of HBcAb or HAVAb.
The district-based AAP of HCVADb, but not of
HBcAb and HAVAD, correlated significantly with
the district-based prevalence of infectious hepa-
titis having a tendency of chronicity reported in
1953-1955. Adjusted odds ratios calculated
by logistic regression analysis of the virus mark-
ers showed that HCVAb was significantly asso-
ciated with a past history of blood transfusion.
Thus, the spread of HCV infection is speculated
to have been triggered by blood transfusion,
particularly from paid donors initially, followed by
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transmission by nosocomial or close person-to-
person contact.

Key words: hepatitis A, hepatitis B, hepatitis C, sero-
epidemiology, route of infection, blood exposure

he hepatitis C virus (HCV) is a major public

health problem worldwide, and the prevalence of

HCV infection is estimated to be 0.2 to 3.9% (1-4) of
blood donors or healthy individuals in developed countries
including Japan. HCV infection readily progresses to
chronic hepatitis and cirrhosis, ultimately developing into
hepatocellular carcinoma at a high rate (5). The most
common risk factor for HCV infection is blood trans-
fusion performed before the Japanese Red Cross insti-
tuted screening of donor blood for anti-HCV antibodies
(HCVAD) in November 1989 (6). Blood transfusion is
still the highest risk factor in developing countries (7).
However, less than half the subjects with positive
HCVAD have a history of blood transfusion and the rest
have only indirect evidence of exposure to blood, such as
surgery, acupuncture or tattoos (1, 2, 6, 8-11), or even
no identifiable risk factor except having stayed for more
than 3 months in endemic countries during childhood (1).
Since hepatitis C is originally a blood-borne infection
like hepatitis B, a close association should exist between
HCVAD and antibodies to the hepatitis B core antigen
(HBcAb), which is a measure of past and current hepati-
tis B virus (HBV) infection and has a higher sensitivity
than antibodies to the hepatitis B surface antigen (HBsAb)
(12). In some similar studies, however, HCVAb was
compared with HBsAb or even with hepatitis B surface
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antigen (HBsAg) (13). The present study was initiated on
a district-based population to analyze the association of
HCV Ab with not only HBecAb but also with anti-hepatitis
A virus (HAV) antibodies (HAVAD) in an attempt to
examine nosocomial infection associated with HAV infec-
tion as suggested by Naito et al. (14). Also, we com-
pared the present district-based figures for HCVAb with
those for infectious (or epidemic) hepatitis in Okayama
prefecture during 1953 to 1955 (15, 16) to shed light on
chronological trends in the spread of HCV infection.

Subjects and Methods

Demographic profiles. The subjects of the
present study were 1,398 inhabitants (752 males and 646
females with a male to female ratio of 1.2) with abnormal
liver function tests and/or past and family histories of
liver disease and/or blood transfusions and were referred
to as further examinees. The subjects were drawn from
7,905 inhabitants (2,376 males and 5,529 females; male to
female ratio, 0.43) of Okayama Prefecture, Japan, who
underwent a periodic mass screening for liver diseases.
The further examinees were 17.7 % of the total screened
inhabitants. This mass screening was organized by the
Agricultural Cooperative Association of Okayama Prefec-
ture for residents over 40 years of age as recommended
by the Ministry of Health and Welfare of Japan and was
carried out by the Okayama Health Foundation from
April 1992 to March 1993. The thresholds of screening
tests for liver diseases were aspartate aminotransferase
(AST) > 301U/], alanine aminotransferase (ALT) > 30
IU/1 and y-glutamyltransferase (GGT) > 50mIU/ml.
They were from 26 districts (9 cities and 17 counties)
covering most of the areas in Okayama prefecture. The
average number of examinees per district was 304, rang-
ing from 66 to 647, with an average number of further
examinees per district at 54, ranging from 6 to 113.

The prevalence of infectious hepatitis in corresponding
districts of Okayama prefecture from 1953 to 1955 was
calculated by dividing the number of patients who visited
clinics (16) with the population of the corresponding
districts in 1954 and expressed as cases per 1,000 inhabit-
ants.

Assays of virus markers. Sera of all the
further examinees who were suspected of having liver
injury were analyzed for HCVAb by enzyme immuno-
assay (EIA) with an Abbott HCV EIA 2nd Generation
kit (Dainabot Co., Ltd., Tokyo), for HBsAg by EIA
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with an HBsAg Dainapack (Dainabot Co., Ltd.), for
HBcAb by EIA with a Hepatitis B Virus Core Antigen
(Recombinant) CORAB kit (Dainabot Co., Ltd.) and for
HAVAD by EIA with an EIA kit, IMx HAVAB Assay
System (Dainabot Co., Ltd.).

Statistical analysis.  Association among virus
markers and associated parameters was analyzed by
calculating adjusted odds ratios and 95% confidence
intervals (95% CI) with a logistic regression model.
Predicting variables entered into the logistic equations
were sex, age groups (younger than 40, 40 to 49, 50 to
59, 60 to 69 and older than 69 years of age), and the
virus markers except the one selected as the dependent
variable. HBsAg was not entered into the equations as
there was a strong correlation between HBsAg and
HBcAb. The cutoff level for HBcAb was arbitrarily set at
50 %, yielding some HBcAb-negative cases despite the
presence of HBsAg. Risk factors of HCV, HBV and
HAYV infection were also analyzed by calculating adjusted
odds ratio with the logistic regression model. Predicting
variables entered into the equations for the logistic model
of risk analysis were sex, age groups (younger than 40,
40 to 49, 50 to 59, 60 to 69 and older than 69 years of
age), past histories of blood transfusion and liver dis-
eases, and family history of the liver diseases.

Prevalences of HCVAb, HBcAb and HAVAb were
compared among 26 districts by calculating the age-
adjusted prevalence (AAP) from the standardized preva-
lence ratio (SPR). This was done by taking the age
distributions of the prevalences of virus markers among
all the further examinees as expected age distributions.
The district-based AAP was statistically evaluated by the
Chi square test.

The correlation between the population-adjusted num-
ber of patients (patients who visited clinics and were
diagnosed as having acute hepatitis divided by the popula-
tion of the district at that time and expressed as cases per
1,000 inhabitants) with infectious (or epidemic) hepatitis in
the period from 1953 to 1955 and the prevalence of HCV,
HBYV and HAYV in the period from 1992 to 1993 was also
compared for corresponding districts. This was possible
since the ratios of further examinees to total examinees
did not vary widely.

All the statistical evaluations were made with computer
packages of Microsoft Excel Version 5.0 and SPSS
Version 8.0 (SPSS Inc. Chicago, 1L, USA).
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Table | Age distribution of hepatitis virus markers among 1398 screened subjects

Age (years) Male Female F/M HCVADb (%) HBsAg (%) HBcAb (%) HAVAb (%)

<39 46 14 0.3 1.7 50 15.0 6.7

40 — 49 69 60 0.9 9.3 7.0 31.8 31.0

50 — 59 163 202 1.2 11.2 2.7 219 68.8

60 — 69 348 295 0.8 17.9 3.0 36.9 81.6

70 < 126 75 0.6 15.9 2.5 48.8 90.5

Total 752 646 0.9 14.4 33 34.9 71.7

HCVAb: Anti-hepatitis C virus antibodies; HBsAg: Hepatitis B surface antigen; HBcAb: Anti-hepatitis B core antibodies; HAVAb: Anti-hepa-

titis A antibodies.

Table 2  Adjusted odds ratios for age strata and prevalences of HCVAb, HBcAb and HAVAb calculated by logistic regression analysis
HCVAb HBcAb HAVAb
OR [95% ClI] OR [95% ClI] OR [95% Cl]
Sex 0.7* [0.5-0.9] 1.2 [0.9-1.5] 1.0 [0.8-1.3]
Age (years)
<40 0.1* [0.02-0.95] 0.4* [0.2-0.8] 0.02* [0.01-0.05]
40 — 49 06 [0.3-1.1] 0.9 [06-1.4] 0.1* [0.1-0.2]
50 — 59 0.6* [0.4-0.9] 0.7* [0.5-0.95] 0.5* [0.4-0.7]
60—69 1.0 1.0 1.0
0< 0.8 [0.5-1.3] 1.6* [1.2-2.2] 2.1* [1.3-3.6]
HCVAb / 1.9% [1.4-2.5] 1.4 [09-2.1]
HBcAb 1.9* [1.4-25] / .2 [0.9-1.6]
HAVADb 1.4 [09-2.1] 1.2 [0.9-1.6] /
Predictive probability 85.6 65.7 78.9

HCVAb; HBcAb; HAVAb: See legend to Table |.
OR: Odds ratio; Cl: Confidence interval.
*P <0.05.

Results

The age distributions of the prevalences of virus
marker-positive subjects and genders among the further
examinees are shown in Table 1. Higher prevalences of
HCVADb, HBecAb and HAVAb were found in the 60s to
70s age groups. This tendency was more marked in HCV
than in HBcAb, suggesting that a differential cohort effect
contributes to the increased prevalence with age. On the
other hand, the prevalence of HBsAg-positive subjects
was higher in younger generations. Since the number of
asymptomatic carriers of HCV in a healthy population is
relatively small in comparison to those who have abnormal
liver function tests, the minimum prevalence of HCVAb
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for the ages studied in Okayama prefecture was calculated
by dividing the number of further examinees positive for
HCVAD by the number of total examinees and was found
to be 2.5%. The prevalence of HAVAb in Okayama
prefecture should be close to the average percentage of
HAVAb-positive further examinees (71.7%) as acute
hepatitis cases were not likely to be included in this study.
The percentage of HBsAg-positive further examinees (3.3
%) was much smaller than that of HBcAb-positive ones
(34.9%); thus, the positive HBcAb could be regarded as
indicating a past history of exposure to HBV rather than
the carrier state of HBV.

When odds ratios among HCVAb, HBsAg, HBcAb
and HAVAD were calculated without adjusting for age,
there was a weak but significant association not only
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Table 3  Adjusted odds ratios for age strata and risk factors of hepatitis C virus, hepatitis B virus and hepatitis A virus infection calculated
by logistic regression analysis
HCVAb HBcAb HAVAb
OR [95% ClI] OR [95% cCl] OR [95% ClI]
Sex 08 [06-1.0] 1.2 [09-1.5] 1.0 [0.7-1.3]
Age (years)
<40 0.1* [0.01-0.7] 0.3* [0.1-0.6] 0.01* [0.01-0.05]
40 — 49 0.5* [0.3-0.9] 08 [05-1.2] 0.1* [0.1-0.2]
50 — 59 0.6* [0.4-0.9] 0.7* [0.5-0.9] 0.5* [0.4-0.7]
60 — 69 1.0 1.0 1.0
70 < 0.9 [06-1.4] 1.6* [1.2-2.2] 2.2* [1.3-36]
Blood transfusion 1.9* [1.2-3.1] .1 [0.7-16] .1 [0.7-1.8]
Pasthistory of liver disease 1.9* [1.3-2.7] 1.4 [1.0-1.8] 09 [06-1.3]
Family history of liver disease 2.6* [1.1-6.4] 3.7* [1.6-8.8] i1 [04-3.2]
Predictive probability 85.6 66.3 78.9

HCVADb; HBcAb; HAVAb; OR; Ci: See legends to Tables | and 2.
*P <0.05.

between HCVAb and HBcAb with an odds ratio of 2.0
(CI: 15-2.7), but also between HCVAb and HAVAD
with an odds ratio of 1.9 (CI: 1.3-2.8). Associations
were also observed between HAVAb and HBcAb with an
odds ratio of 1.5 (CI: 1.2-2.0) and between HAVAb and
HBsAg with an odds ratio of 0.6 (CI: 0.3-0.99). HBsAg
and HBcAb had a high odds ratio of 8.2 (CI: 4.4-15.4),
thus HBsAg was eliminated in the logistic regression
analysis. As for the adjusted odds ratio, the association
of HAVADb with HCVAD or HBcAb became insignificant,
leaving a significant odds ratio only between HCV Ab and
HBcAb (Table 2). There was a sex difference in the
prevalence of HCVADb, with a higher rate in females.

A similar logistic regression analysis of risk factors of
HCV, HBV and HAV infection (Table 3) was perfor-
med. Blood transfusion, and past history and/or family
history of liver disease were all risk factors of HCV
infection, while only family history of liver disease was
noted as a risk factor or associated risk factor of HBV
infection, although only 15.4 % of HCV Ab-positive cases
had a history of blood transfusion. For HBV infection, a
family history of liver disease was the only associated risk
factor. These risk factors were unrelated to HAV infec-
tion. The distribution of blood transfusion dates differed
widely, 27.0 % of subjects having received blood transfu-
sion before the commencement of screening donor blood
for HBsAg in April 1972 and 80.3 % before commence-
ment of screening for HCVAb in November 1989 (24).
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SPR and AAP of HCVAb, HBcAb and HAVAb
among the further examinees in 26 different districts of
Okayama prefecture are presented in Table 4. AAP of
virus marker-positive cases varied widely from one district
to another, particularly in HCVAb, with a coefficient of
variation as high as 44.7 %, followed by 28.8% for
HBcADb and 12.8 % for HAVAb. Significantly higher
prevalence was present in districts E, F, K and Y for
HCVAD, in districts K, T and X for HBcAb and in no
districts for HAVAb. Districts with higher prevalences of
HCVAD were not necessarily associated with those with
higher prevalences of HBcAb.

In order to examine the chronological relationship
between the present district-based AAP of virus markers
during 1992-1993 and the previous district-based preva-
lence of infectious hepatitis during 1953 to 1955, the
correlation between them was tentatively analyzed and the
results are given in Table 5. A significant positive correla-
tion was found between HCVAb and infectious hepatitis
with a tendency toward chronicity at that time, but not
between HCVAb and the other virus markers.

Discussion

Although the present study was conducted on a limited
population at a high risk for hepatitis C, the positive rate
of HCVAD in a population with normal liver function tests
and without histories of risk factor for HCV infection is
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Table 4  Comparison of prevalences of HCVAb, HBcAb and HAVAD in 26 districts
HCVAb HBcAb HAVAb
Districts Number
SPR AAP x° SPR AAP  x? SPR AAP  x?
A 46 1.0 0.14 00 I 038 0.1 .1 081 0.5
B 40 1.0 0.14 00 0.7 0.24 1.3 1.0 069 0.l
C 103 1.2 0.17 06 1.1 038 03 1.0 0.69 0.1
D 13 I 0.16 0.0 1.1 038 00 1.2 0.88 05
E 73 2.2 031 14.3** 0.8 0.28 1.0 1.0 071 0.0
F 29 2.1 030 55* 1.2 043 0.7 1.0 073 0.0
G 56 0.9 0.12 02 0.6 020 338 0.7 053 2.7
H 21 0.6 0.08 0.7 1.3 046 0.9 .1 0.78 0.1
| 39 0.6 0.08 I 0.9 0.31 0.2 0.9 062 05
J 12 I 0.15 0.1 1.2 0.42 1.0 1.0 072 0.0
K 31 2.0 028 4.1* 0.4 0.15  3.8* 0.9 0.68 0.1
L 36 0.8 0.11 0.2 0.9 032 0.l 0.9 068 0.}
M a4 0.6 009 09 1.4 050 29 0.9 064 04
N 88 1.0 0.14 00 0.9 030 05 1.0 070 0.0
0 I3 I.1 0.16 02 0.8 0.28 1.3 0.9 068 0.2
P 40 .1 0.16 0.1 0.9 0.31 0.1 1.3 093 23
Q 1 0.9 0.13 0.1 1.1 038 04 1.1 079 038
R 35 |.4 020 0.7 1.1 039 02 1.2 089 1.3
S 40 0.8 0.11 03 0.8 028 05 1.0 072 0.0
T 105 0.8 0.11 0.8 1.4 047 4.7 I 077 04
U 31 0.9 0.13 00 0.6 020 20 0.8 058 0.7
\Y 6 1.3 0.19 0.l I 039 0.0 11 081 0.l
W 52 [.1 0.1I5 0.0 I 037 0.1 0.9 068 0.1
X 32 0.4 0.06 1.7 1.6 057 4.8* .1 078 0.2
Y 99 0.4 0.06 4.7* I.1 038 0.3 09 068 0.2
z 43 0.5 0.07 1.6 0.6 0.21 2.3 .1 077 0.2
Mean + SD 1.0 0.15+0.067 1.0 035+0.101 1.0 0.72+0.092
cv 44.7% 28.8% 12.8%

HCVAb; HBcAb; HAVAD: See legend to Table I.
SPR: Standardized prevalence ratio; AAP: Age-adjusted prevalence; SD: Standard deviation; CV: Coefficient of variation.

*P <0.05; **P <0.0I.

Table 5  Correlation coefficients among district-based AAP of positive hepatitis virus markers and district-based prevalence of previous
infectious hepatitis with tendency toward chronicity

H IH(CH) HCVAb HBsAg HBcAb HAVAD
H / 0.950*** 0.367 —0.232 —0.308 0.298
IH(CH) / 0.452* —0.168 —0315 —0.358
HCVAb / 0.142 —0.248 0.106
HBsAg / 0.355 0.236
HBcAb / 0.38!
HAVAb /

HCVAb; HBcAb; HAVAb: See legend to Table I.
IH: Total infectious hepatitis cases; IH(CH): Infectious hepatitis cases with tendency toward chronicity based on 1,000 population in 1954

*P < 0.05; ***P <0.001.
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assumed to be negligible. Furthermore, since the associa-
tion among the hepatitis virus antibodies, and not the
absolute rate, was studied, the population bias should not
be a serious problem in analyzing the obtained results.

We confirmed the presence of highly-endemic areas of
HCV infection from SPR of anti-HCV-positive subjects
in different districts of Okayama prefecture in Japan.
Such areas have been reported not only in Japan (8, 10-
12, 14-16) but also in China in certain geographical areas
or administrative divisions (17), suggesting the presence
of a common route for the spread of HCV infection,
which should be identified in order to aid in its prevention.
It is not surprising to have found in this study a close
association between HCV and HBV infection as revealed
by the small but significantly increased odds ratio between
their antibodies, as is also documented by others (13),
because both of these viruses can be transmitted by
exposure to blood. However, the interpretation of this
observation is not simple, because only HCVAb, not
HBcADb, showed a significant association with a history of
blood transfusion. Also, a higher prevalence of HBcAb
as compared with HCVAb or HAVAb was found in a
younger generation. A possible explanation of these
findings may be that HBV is also transmitted by sexual
contact, while the spread of HCV by sexual contact is
inefficient or controversial (18, 19), although as high a
percentage as 53 % is reported for HCVAb in sexually
promiscuous individuals (2). The difference in infection
rate between HCV and HBV was clearly demonstrated in
our separate study in Chiang Mai, Thailand. The preva-
lence of positive HCVAD in intravenous drug users was
85 % and that in female commercial sex workers and male
STD patients was 0-2%, while the prevalence of
HBcAb was similarly high i the three groups, 77, 69
and 64 %, respectively (20). HCV is reported to be
transmitted by sexual promiscuity (2), although no such
documentation is available in our district and the preva-
lence of HCVADb was low in younger ages.

Generally less than half the HCV Ab-positive cases
have a history of blood or blood product transfusion with
a considerable variation depending on the subjects ana-
lyzed (1, 8). In this study only 15.4 % of HCV Ab-posi-
tive cases could be accounted for by a history of blood
transfusion as a risk factor, this being close to the 18.6 %
reported for Fukuoka, Japan (8), even though the preva-
lence of HCVAb was demonstrated in this study to be
closely associated with blood transfusion. A history of
surgery is even more important in some studies (8, 9),
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but not all (10), to explain the high incidence of HCV
infection. Recently, identified (1, 21) or unidentified (8,
22) cases of nosocomial exposure as a risk of community-
acquired hepatitis C have been reported. The HCV infec-
tion associated with medical treatment includes accidental
puncture with needle and repeated use of medical equip-
ment with insufficient sterilization, such as needles, syr-
inges or surgical scalpels. Unfortunately, a direct esti-
mate of the percentage of nosocomial exposure in this
study is not available. Naito and others (14) have suggest-
ed nosocomial or iatrogenic spread of HCV infection at
the time of outbreak of hepatitis A in highly-endemic
areas. The results of correlation analysis in the present
study support their hypothesis for the most part, al-
though the logistic regression analysis weakened the
association between HCVAb and HAVAbD leaving a
significant association only between HCVADb and HBcAb.
Studies in smaller endemic areas might reveal association
between HCVAb and HAVAD as Naito and others (14)
have suggested.

A notable endemic of hepatitis A was recorded in
Okayama in 1980 (23). Similarly, high incidences of
hepatitis A in Japan have been reported for 1983 and
1990 (24). These endemics occurred after instituting the
screening of donor bloods for HBsAg in April 1972 and
before screening for HCVAb in November 1989 (25).
However, there was no increase in the incidence of
hepatitis C in the same population at the time of hepatitis
endemy (4). One explanation for this is that a sufficient
supply of disposable syringes and needles was already
available at this time. A chronologically significant posi-
tive correlation was found between the district-dependent
distribution of HCVAb from 1992 to 1993 and that of
patients with epidemic hepatitis with a tendency of pro-
gressing toward chronic hepatitis from 1953 to 1955.
This means that hepatitis C would have already been
spread latently in the endemic area before 1953, when the
outbreak of infectious hepatitis (presumed to be HAV
infection) occurred. Community-acquired hepatitis C is
frequently asymptomatic (26), and asymptomatic HCV
carriers are apt to have a substantial risk of developing
fulminant hepatitis upon superinfection with HAV as
observed by Vento et al. (27). A similar effect of HAV
superinfection on chronic hepatitis B has been reported
without excluding HCV infection (28-30). Thus, such
patients would initially have a clinical course of acute
hepatitis followed by a subsequent course of chronic
hepatitis as reported by Inoue (31).
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The basal spread of hepatitis C before 1953 is most
likely to have been caused by blood transfusion from paid
donors during the period of 1948 to 1968 before legisla-
tive regulation was implemented (32). This is supported
by a comparative study of Fukuoka and Okinawa, where
the systems of blood supply for transfusion were entirely
different for a similar period of time (8). In the present
study, the prevalence of HCVAb was highest in the 60~
69 age group and it decreased more rapidly descending
age than that of HBcAb, while that of HBsAg was nearly
the same, as was report by Nishioka (33). This suggests
that the higher prevalence of HCVAD is due not only to
a cumulative effect but also due to an apparently higher
incidence of HCV infection among those who were born
from 1926 to 1930 than those thereafter (33). This may
explain the lack of association in HBcAb between the
district-based prevalence during the period of 1953 to
1955 and that of the present study. Replacement of
HBsAg by HBcAb in the presence of HCV (34) may also
have contributed to reducing the figures for HBsAg-
positive chronic hepatitis in highly-endemic areas, result-
ing in the loss of a chronological association between
them. The results of this study support the conclusion of
previous observations of Kosaka and others that the
incidence of serum hepatitis by blood transfusion and the
outbreak of infectious hepatitis are independent (16).
Different modes of transmission of HBV and HCV have
been suggested for the interpretation of differences in the
prevalence of these viruses in different geographical areas
and administrative divisions in China (17).

The following birth cohort-type effect, namely the
age-group data of parallel time shift in age distribution of
hepatitis cases presumed to be related to HCV, favors the
view that the major spread of HCV infection occurred
before 1953: The maximum prevalence of HCVAD in
1992-1993 was observed in a age group of 60-69, while
that of hepatitis in a high endemic area studied in 1971 by
Hepatitis Epidemiology Research Group of Okayama
Public Health Nurse School (personal communication:
Sachiko Okuda, Department of Health and Social Wel-
fare, Okayama Prefecture) was reported to be 40-49
years of age; the time difference being 21-22 years with
a corresponding age difference of 20 years of age. Simi-
larly, the peak prevalence of epidemic hepatitis with a high
rate toward chronicity during 1953 to 1955 was reported
to be 21-30 years age (14) with time differences of 41-34
years and an age difference of 40 years as compared with
the results in this study. A parallel time shift after 1953
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is evident.

In conclusion, the risk of HCV infection appears
multifactorial. Iatrogenic spread of HCV infection at the
time of hepatitis A endemy, as proposed by Naito et al.
(14), is reasonable. However, the wider district-depen-
dent variation in the prevalence of HCVAD than that of
HAVAD or HBcAb should be explained by different risk
factors. One of them would be a basal spread of HCV
hepatitis, which is assumed to have been triggered by
blood transfusion from paid donors nitially, followed by
transmission by iatrogenic factors or from person to
person by close contact, such as staying in endemic
countries for more than 3 months, usually in childhood,
as reported by Roudot-Thoraval et al. (1). This is
supported by the significant association of districts with
endemic hepatitis with tendency toward chronicity from
1953 to 1955 and districts with high prevalences of
HCVADb from 1992-1993. In order to explain the peri-
odic endemics of HCV in different areas in Japan (35),
mutations of HCV gene related to the mode or rate of
infection but unrelated to the determinants of antibodies
used for detection of HCV at present must be considered
even though this is mere conjecture.

References

I.  Roudot-Thoraval F, Bastie A, Pawlotsky JM and Dhumeaux D: Epi-
demiological factors affecting the severity of hepatitis C virus-related
liver disease: A French survey of 6,664 patients. The Study Group for
the Prevalence and the Epidemiology of Hepatitis C Virus. Hepatology
(1997) 26, 485-490.

2. Conry-Cantilena C, VanRaden M, Gibble J, Melpolder J, Shakil AO,
Viladomiu L, Cheung L, DiBisceglie A, Hoofnagle J, Shih JW, Kaslow
R, Ness P and Alter HJ: Routes of infection, viremia, and liver dis-
ease in blood donors found to have hepatitis C virus infection. N Engl
J Med (1996) 334, 1691-1696.

3. Urushihara A, Suzuki T, Matsumoto A, Tanaka E, Sodeyama T, Kiyo-
sawa K and Furuta S: Quantitative assay for anti-HCV-core antibody in
healthy individuals found anti-HCV positive during a mass screening.
Int Hepatol Commun (1994) 2, 47-51.

4. Yano M: Epidemiology of hepatitis C virus infection in Japan. Jpn J
Clin Med (1995) 53, 346-350 (in Japanese).

5. Majima Y: High risk group and its screening system of hepatocellular
carcinoma. Shoukaki Seminar (1992) 48, 45-56 (in Japanese).

6. Yoshizawa H: Progress in the study and prevention of hepatitis C. Jpn
J Public Health (1992) 39, 441-444 (in Japanese).

7. Akbar SMF, Hossain M, Hossain MF, Sarker S, Hossain SAS,
Tanimoto K, Masumoto T, Michitaka K, Horiike N and Onji M: Seroe-
pidemiology of hepatitis viruses of chronic liver diseases in Bang-
ladesh: High prevalence of HCV among blood donors and healthy
person. Hepatol Res (1997) 7, 113-120.

8. Hayashi J, Nakashima K, Noguchi A, Hirata M, Yoshimura E, Toku-
naga K, Kiyosawa H, Maeda Y and Kashiwagi S: An epidemiologic
survey of hepatitis C virus in Japan. J Epidemiol (1993) 3, 41-45.



38

20.

Acta Medica Okayama, Vol. 53 [1999], Iss. 1, Art. 6

Uesual ET AL.

Chang TT, Liou TC, Young KC, Lin XZ, Lin XY, Shin JS and Wu HL:
Intrafamilial transmission of hepatitis C virus: The important role of
inapparent transmission. J Med Virol (1994) 42, 91-96.

Watanabe Y, Machida K, Sato A, Ota S and Kiyosawa K: Survey for
hepatitis in an isolated endemic area. Jpn J Public Health (1996) 43,
989-996 (in Japanese).

Kiyosawa K, Tanaka E, Sodeyama T, Yoshizawa K, Yabu K, Furuta K,
Imai H, Nakano Y, Usuda S, Uemura K, Furuta S, Watanabe Y,
Watanabe J, Fukuda Y, Takayama T: Transmission of hepatitis C in
an isolated area in Japan: Community-acquired infection. The South
Kiso Hepatitis Study Group. Gastroenterology (1994) 106, 1596-1602.
Hidaka Y, Hiramatsu Y and Tsuda F: High prevalence of HCV infection
in a town where high mortality from liver disease is observed. Jpn J
Public Health (1996) 43, 9-15 (in Japanese).

Jilg W, Sieger E, Zachoval R and Schatzl H: Individuals with anti-
bodies against hepatitis B core antigen as the only serological marker
for hepatitis B infection: high percentage of carriers of hepatitis B and
C virus. J Hepatol (1995) 23, 14-20.

Naito K, Shimomura H, Nakagawa H, Hasui T, Tsuji H, Doi T, Taka-
hashi M, Mizuno M, Yamamoto K, Higashi T, Ukida M, Yamada G
and Tsuji T: An epidemiological study on chronicity and incidence of
hepatocellular carcinoma in the sequence of epidemic hepatitis. J Jpn
Assoc Inf Dis (1993) 67, 978-986 (in Japanese).

Ishida T: Epidemiological studies on infectious hepatitis. I. Investiga-
tion in the prevalence of infectious hepatitis in Okayama prefecture.
Jpn J Public Health (1956) 3, 1-25 (in Japanese).

Kosaka K, Nagashima H, Shimada Y, Yamabuki T, Kawaguchi M,
Yamamoto S, Ohta Y, Ujike M, Kusaka Y, Mitsuda T, Kihara T,
Kondo T, Haraoka S, Amioka T, Ishimitsu T, Kono H, Mitsumoto T,
Aisaka T, Kosaka C, Moritani Y, Tabuchi H, Hashimoto K, Kimura K,
Kono H, Tamao H, Higuchi Y, Yahata K, Imai H, Kameyama |, Ariji S,
Fujimori Y, Nakagawa S, Hirano Y, Kobayashi T, Seido I, Tanabe |,
Taketa K and Hayashi S: Epidemiological observations on infectious
hepatitis prevailed in Okayama prefecture. Okayama lgakkai Zasshi
(1960) 72, 801-810 (in Japanese).

Xia GL, Liu CB, Cao HL, Bi SL, Zhan MY, Su CA, Nan JH and Qi XQ:
Prevalence of hepatitis B and C virus infections in the general Chinese
population. Results from a nationwide cross-sectional seroepidemio-
logic study of hepatitis A, B, C, D and E virus infections in China,
1992. Int Hepatol Commun (1996) 5, 62-73.

Piazza M, Sagliocca L, Tosone G, Guadagnino V, Stazi MA, Orlando
R, Borgia G, Rosa D, Abrignani S, Palumbo F, Manzin A and Clem-
enti M: Sexual transmission of the hepatitis C virus and efficacy of
prophylaxis with intramuscular immune serum globulin. Arch Intern
Med (1997) 157,1537-1544.

Takahashi M, Yamada G, Doi T, Takatani M, Kishi F, Miyamoto R,
Yoshizawa H, Okamoto H and Tsuji T: Intrafamilial clustering of
genotypes of hepatitis C virus RNA. Acta Med Okayama (1994) 48, 293
-297.

Taketa K, lkeda S, Suganuma N, Kamakura K, Taga H and Phorn-
phutkul K: A warning against increasing hepatitis C virus infection
among intravenous drug users: A link to future evolution of hepatocel-
lular carcinoma; in Proceeding of International Symposium, Cancer
Epidemiology and Control in the Asia-Pacific Region, Sato S ed. (in
press).

http://escholarship.lib.okayama-u.ac.jp/amo/vol 53/iss1/6

21.

22.

23.

24.

25.

26.

21.

28.

29.

30.

31

32.

33.

34.

35.

Acta Mep Oxavama Vol. 53 No. 1

Bronowicki JP, Venard V, Botte’ C, Monhoven N, Gastin |, Chone' L,
Hudziak H, Rhin B, Delanoe’ C, LeFaou A, Bigard MA and Gaucher P:
Patient-to-patient transmission of hepatitis C virus during colonoscopy.
N Engl J Med (1997) 337, 237-240.

Hayashi J, Kishihara Y, Yamaji K, Yoshimura E, Kawakami Y, Aka-
zawa K and Kashiwagi K: Transmission of hepatitis C virus by health
care workers in a rural area of Japan. Am J Gastroentero! (1995) 90,
794-799.

Nishihara T, Yarfiada G, Mizuno M, Sakamoto Y, Nagashima H,
Ohmura K, Arimasa N and Kobayashi T: Epidemiological study of 23
cases with sporadic type A hepatitis in southeastern area of Okayama
city from January to May in 1980. Acta Hepatol Jpn (1981) 22, 925-
932 (in Japanese).

Nagata N, Watanabe N, Kagawa T, Nakano A, Nishizaki, Okazaki Y,
Uchiyama J, Wasada M, ltakura M, Siraishi K, Kobayashi F and
Matsuzaki S: Clinical and epidemiological studies on 252 cases of
acute hepatitis A during the past |5 years. Acta Hepatol Jpn (1996) 37,
200-207 (in Japanese).

Uchida S and Nojiri N: Detection of viral markers of hepatitides, HIV
and HTLV-| etc. Modern Media (1997) 43, 147-151 (in Japanese).
Alter MJ, Margolis HS, Krawczynski K, Judson FN, Mares A, Alexan-
der WJ, Hu PY, Miller JK, Gerber MA, Sampliner RE, Meeks EL and
Beach MJ, for the Sentinel Counties Chronic Non-A, Non-B Hepatitis
Study Team: The natural history of community-acquired hepatitis C in
the United States. N Engl J Med (1992) 327, 1899-1905.

Vento S, Garofano T, Renzini C, Cainelli F, Casali F, Ghironzi G,
Ferraro T and Concia E: Fulminant hepatitis associated with hepatitis
A virus superinfection in patients with chronic hepatitis C. N Engl J
Med (1998) 338, 286-290.

Keeffe EB: Is hepatitis A more severe in patients with chronic hepatitis
B and other chronic liver diseases? Am J Gastroenterol (1995) 90,
201-205.

Piazza M, Guadagnino V, Orlando R and Picciotto L: Acute B viral
hepatitis becomes fulminant after infection with hepatitis A virus. Br
Med J (1982) 284, 1913-1914.

Sugihara J and Mutou Y: Anti-HCV antibodies in circulating blood of
patients with severe hepatitis. Acta Hepatol Jpn (1990) 31 (Suppl.), 55
(in Japanese).

Inoue S: A follow-up study of viral hepatitis. Part |. Ten years follow-
up study of infectious hepatitis in two epidemic areas. Okayama
Igakkai Zasshi (1964) 76, 539-548 (in Japanese).

Kojima H: Current STD in Japan. J Jpn Med Assoc (1997) 117, 1905
-1910 (in Japanese).

Nishioka K: Hepatitis B virus and the history of human beings with
special reference to geographical characteristics. Nippon Gakusiin-
kiyou (1985) 39, 1-19 (in Japanese).

Liaw YF, Tsai SL, Chang JJ, Sheen IS, Chien RN, Lin DY and Chu
CM: Displacement of hepatitis B virus by hepatitis c virus as the cause
of continuing chronic hepatitis. Gastroenterology (1994) 106, 1048-
1053.

Aramaki T and Wakayama Y: Epidemic of hepatitis in Sashima. Jpn J
Clin Med (1995) Classified Syndrome Series No. 7 (Hepatobiliary
Syndrome, Part 1), 118-121 (in Japanese).

Received August 10, 1998; accepted October 5, 1998.



