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Abstract

Objective: To-estimate total numbers of undiagnosed carri-
ers of hepatitis C virus (HCV) and hepatitis B virus (HBV) in
Japan. Methods: Area- and age-specific prevalence of HCV
as well as HBV was determined in the first-time blood donars
[20-39 years (n = 2,429,364)] and examinees of periodical
health check-ups [40-74 years (6,204,968 for HCV and
6,228,967 for HBV)] in Japan. Prevalence in adolescents [5-19
years (79,256 for HCV and 68,792 for HBV)] was determined
in a single prefecture, and that of HCV in the elderly (=75
years) was estimated by the exponential model. HBV infec-
tion was determined by the detection of hepatitis B surface
antigen, and HCVinfection by either the algorithm or assum-
ing persistent infection in 70% of the individuals with anti-
body to HCV. Results: Of the total population of 127,285,653
in 2005, 807,903 (95% C1679,886-974,292) were estimated to
be infected with HCV at a carrier rate of 0.63%, and 903,145
(837,189-969,572) with HBV at that of 0.71%. Conclusion: Ac-

curate estimation of undiagnosed HCV and HBV carriers in
the general population would help to predict the future bur-
den of liver disease, and take appropriate measures for im-

proving healthcare. Copyright © 2011 S. Karger AG, Basel

introduction

Hepatitis C virus (HCV) and hepatitis B virus (HBV)
are estimated to infect 170 and 350 million people over
the world, respectively [1, 2]. Most infections with HCV
or HBV do not induce clinical liver disease, while ~30%
of them develop severe liver disease such as cirrhosis and
hepatocellular carcinoma {3, 4]. Hence, there isa pressing
need to identify the individuals who have undiagnosed
HCV or HBV infection, and take effective measures for
terminating viral infections and preventing the progres-
sion of liver disease.

For management of persistent HCV and HBV infections
in a given country, itis necessary to know their exact num-
bers for assessing medical and financial needs in the fore-
seeable future. Prevalence of undiagnosed HCV or HBV
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infection has been estimated by survey of blood donors in
Japan [5] and a representative population in the USA [6].

In the present study, area- and age-specific prevalence
of HCV or HBV infection was determined in 8 jurisdic-
tion areas of the Japanese Red Cross Blood Center. Then,
the total numbers of undiagnosed HBV and HCV infec-
tions were estimated by compiling the results in the first-
time blood donorsand examinees of the periodical health
check-up program. Of the 127,285,653 Japanese regis-
tered in 2005, 807,903 (0.63%) were estimated to be in-
fected with HCV and 903,145 (0.71%) with HBV.

Materials and Methods

Japanese Population

Japan is divided into 8 areas, along its north-to-south axis, ac-
cording to jurisdiction of the Japanese Red Cross Blood Center,
into Hokkaide, Tohoku, Kanto, Hokuriku/Tokai, Kinki, Chu-
goku, Shikoku and Kyushu. Populations in 5-year age groups in
each jurisdiction area were obtained from the registry at the Na-
tional Census 2005.

First-Time Blood Donors

During 6 years fromJanuary 2001 to December 2006, 3,748,422
individuals (aged 16-64 years) donated whole blocd or apheresis
products for the first time, and their sera were tested for markers
of HCV and HBV infections. Ongoing HCV infection was esti-
mated by assuming the detection of HCV RNA in 70% of indi-
viduals with the antibody to HCV (anti-HCV), in accordance
with a previous report {5].

Examinees of Hepatitis Virus Infections

Since the fiscal year 2002 in Japan, individuals who turned 40,
45, 50, 55, 60, 65 and 70 years were offered to take tests for hepa-
titis viruses at periodical health check-ups by a 5-year national
project. During 5 years through 2006, 6,204,968 individuals re-
ceived tests for HCV and 6,228,967 for HBV, corresponding to
~30% of the eligible Japanese, and their area- and age-specific
prevalence of HCV or HBV infection was determined.

School Children and Adolescents

In the Iwate prefecture located in the north of Japan, biochem-
ical markers of diseases dependent on the lifestyle were examined
in children and adolescents at the entrance to schools. Their se-
rum samples had been stored frozen, and were tested for markers
of hepatitis virus infections. Carrier rates of HCV and HBV
among them were calculated, with their ages adjusted to those in
2005; infants aged <5 were represented by the children aged from
5t0.9 years. Designsand procedures of this investigation were ap-
proved by the Ethics Committee of Hiroshima University.

Simulation of HCV and HBV Infections in the Elderly

By its age-specific profile, the prevalence of HCV was deduced
to be an exponential function of the age. Accordingly, age-specif-
ic prevalence of HCV in the individuals aged =75 years was sim-
ulated by an exponential function model; it was constructed on
the prevalence of HCV in each age group =50 years.
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The formula was constructed as:
logy(x)=a+bx

where x is the 5-year age code, y(x) is an estimator of HCV preva-
lence in x,and  and b are coefficients.
The equation is transformed into:

y(x) = a%bx

in which e* represents the HCV prevalence when x = 0 (in the

group aged 0-4 years), since y(0) is equal to e%. By replacing(x for

x + 1 in the above equation, it is converted to y(x + 1) = e%5®+ 1),
Then, the following equation can be constructed:

ylx+ 1) = eby(x)

where e’ is the slope of HCV prevalenceincreasing with age. Thus,
the HCV prevalence is multiplied by a factor ¢® for an increment
of the age code by 1.
_ The simulation model was applied to estimate age-specific
prevalence of HCV ineach of 8 areas in the individuals =75 years.
Prevalence of HBV in the individuals =75 years was repre-
sented by that in those aged 70-74 years, since it stayed constant
from 65 through 75 years.

Markers of Hepatitis Virus Infections

Inblood donors, anti-HCV was determined by passive hemag-
glutination of the second generation with commercial assay kits
(HCV PHA; Abbott Laboratories, North Chicago, I11., USA) with
a cutoff limit set at 25, as well as by particle agglutination with
commercial assay kits (HCV PA Test-II; Fujirebio, Inc., Tokyo,
Japan). HBsAg was determined by reversed passive hemaggluti-
nation with reagents prepared by the Japanese Red Cross.

In examinees of periodical health check-ups, ongoing HCV in-
fection was determined by the algorithm with anti-HCV and HCV
RNA [7]. Anti-HCV was determined by passive hemagglutination
of the second generation with commercial assay kits (HCV PHA;
Abbott Laboratories), and since 2002, it was determined by en-
zyme immunoassay with commercial assay kits (AxSYM HCV
Dinapack-III; Abbott Laboratories). Samples with high anti-HCV
titers contain HCV RNA, and therefore, only those with low and
middle titers were examined for HCV RNA. HBsAg was deter-
mined by reversed-passive hemagglutination with commercial
assay kits (Institute of Immunology Co., Ltd, Tokyo, fapan).

Statistical Analyses

Statistical analyses for the evaluation of R? values were per-
formed with JMP 8.0 (SAS Institute, Inc., Cary, N.C,, USA) and
DeltaGraph 5.5 (RedRock Software, Inc., Salt Lake City, Utah,
USA). A p value > 0.05 was considered significant.

Results

Age-Specific Prevalence of HCV in the First-Time Blood
Donors and Examinees of Periodical Health Check-Ups
Figure 1 illustrates-age-specific prévalence of HCV in
the first-time blood donors (aged 15-69 yearsin 2005)and
examinees of periodical health check-ups (39-73 years in
2005); 70% of individuals with anti-HCV were considered

Tanaka et al.
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Fig. 1. Age-specific prevalence of HCV in Japan. The prevalence of HCV was determined in the first-time blood
donors aged from 15 to 68 years (blue dots) and examinees of periodical health check-ups aged from 39 to 73
years (red dots). Their ages were adjusted to those in the year 2005. Bars indicate ranges of 95% CI.

to possess HCV RNA in serum [5]. Results of two distinct Taf)le 1. Age-specific prevalence of HCV in three different popu-
populations were well in accord. For the first-time blood lations

fionors, .however, the variation (95% CI) widened increas- Age in 2005 N — Prevalence, %
ingly with age. It would have reflected decreases in the positive,n  (95% CI)
first-time blood donors with age, since the majority of

these (83.5%) were aged <39 years. As the prevalence of School children

HCV in blood donors =40 years was unreliable in them, 1(5)‘?4 gﬁg § g'gig (0.000-0.027)
that in examinees of periodical check-ups was adopted for 3 y 010 (0.000-0.021)
- ; 15-19 32,049 7 0.022 (0.006-0.038)
estimating the national prevalence of HCV.
: Blood donors
. P s g3 g 20-24 1,205,966 1,122 0.065 (0.061-0.070)*
Area-Specific Prevalence of HCV in Eight Jurisdiction 25-29 536.560 874 0.114(0.105 ‘_0.123;3
Areas o 30-34 408,814 1,089 0.186 (0.173-0.200)*
In view of distinct geographic distribution of HCV, the 35-39 278,024 1,190 0.300 (0.279-0.320)
prevalence of HCV in tl}e general Qopulation wouldnotbe Ly screening
applicable to everyarea in Japan. Figure 2 compares results 40-44 611,146 2,127 0.348 (0.333-0.363)
in the first-time blood donors and recipients of health 45-49 495,032 2,292 0.463 (0.444-0.482)
check-ups among 8 jurisdiction areas spanning from north 50-54 675350 3,485 0.516 (0.499~0.533)
(Hokkaido) to south (Kyushu). They unfolded a wide vari- ~ 55-59 947,438 5,974 0.631 (0.615-0.646)
o . 60-64 1,081,854 8,423 0.779 (0.762~0.795)
ety in the age-specific prevalence of HCV. Although the 65-69 1,264,496 13,722 1.085 (1.067-1.103)
prevalence of HCV increased withageinallareas, theslope  70-74 1054472 17,649 1674 (1.649-1.698)
of increase differed widely among them. Hence, it was nec- . i tloodd P
essary to employ a distinct age-specific prevalence in each e prevalence in blood donors was L on an assumption
of the 8 areas for estimating HCV carriers precisely. of HCV infection persisting in 70% of those with anti-HCV [5].
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Fig. 2. Age-specific prevalence of HCV in 8 jurisdiction areas in Japan. The prevalence of HCV is calculated in
each of twelve age groups notched by 5 years. The prevalence in five groups <39 years was represented by the
first-time blood donors, and that in seven groups =40 years by recipients of HCV screening. Bars indicate

ranges of 95% CI.

Prevalence of HCV in Adolescents

Since blood donors were restricted to 16-64 years of
age, and health examinees were targeted on 40-70 years,
they did not cover individuals aged <15 or =75 yearsin
the year 2005. To fill in an opening on the younger side,
the age-specific prevalence of HCV was determined in
school childrén and adolescents in the Iwate prefecture
(table 1). The prevalence in infants aged 0-4 years was as-

sumed similar to that in the children aged 5-9 years; an.

extremely low prevalence of HCV (0.012%) would sup-
port such an assumption.
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Simulating Prevalence of HCV in the Elderly

“The prevalence of HCV appeared to be an exponential
function of the age, according to its profiles in the first-
time blood donors and examinees of health check-ups
(fig. 1). Based on this assumption, a formula was.con-
structed to simulate the prevalence of HCV in age groups
=75 years for each of the 8 jurisdiction areas in Japan (see
Materials and Methods).

Figure 3 compares actual (dots) and simulated data
(red line) of five age groups from 50 to 74 years (corre-
sponding to age codes 10-14) among the 8 areas. There
was a high coefficient of determination between them,

Tanaka et al.
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Fig. 3. Simulation of age-specific prevalence of HCV in the elder-  the top of each area. Age codes are: 1, 5-9 years; 2, 10-14 years; 3,
ly. Prevalence of HCV in the first-time blood donors as well as 1519 years; 4,20-24 years; 5, 25-29 years; 6, 30-34 years; 7, 35-39
examinees of periodical health check-ups (dots) and that simu-  years; 8, 40-44 years; 9, 45-49 years; 10, 50-54 years; 11, 55-59
lated by formulation (red line with ranges of 95% Clin dottedline)  years; 12, 60-64 years; 13, 65-69 years; 14, 70-74 years, and 15,
are shown for 8 jurisdiction areas in Japan. Formula is shown at  75-79 years.
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Table 2. Regional and total HCV carriers

Carrier rate

in Japan reas Population HCV carriers (95% CI)
Hokkaido 5,620,813 26,097 (19,356-34,413) 0.46%
Tohoku 12,047,975 50,688 (42,754-59,953) 0.40%
Kanto 41,247,892 235,328 (195,408-293,611) 0.57%
Hokuriku/Tokai 19,294,443 132,434 (114,216-154,446) 0.69%
Kinki 22,657,542 173,808 (¥47,548-207,173) 0.52%
Chugoku 7,650,977 53,296 (42,299-67,698) 0.70%
Shikoku 4,083,698 35,159 (28,746-43,004) 0.86%
Kyushu 14,682,313 101,092 (89,379-1 13,993) 0.80%
Total 127,285,653 807,903 (679,886-974,292) 0.63%
::l::xi:e. g‘i%?e:g;c ;ﬁ;ﬁg&gﬁ? ce of HBV Age in 2005 n HBV-positive,n _Prevalence, % (95% CI)
School children
5-9 17,363 3 0.017 (0.000—0.037)
10-14 29,817 14 0.047 (0.022-0.072)
15-19 32,049 ’ 12 0.037 (0.016-0.059)
Blood donors .
20-24 1,205,966 1,826 0.151 (0.144~0.158)
25-29 536,560 1,650 0.308 (0.293-0.322)
30-34 408,814 1,759 0.430 (0.410~0.450).
35-39 278,024 1,327 0.477 (0.452-0.503)
HBV screening .
40-44 613,960 5,491 0.894 (0.871-0.918)
45-49 497,589 5,373 1.080 (1.051-1.109)
50-54 679,893 8,700 1.280 (1.253-1.306)
55-59 950,508 12,891 1.356 (1.333-1.379)
60-64 1,085,119 13,282 1.224 (1.203-1.245)
65-69 1,268,304 12,406 0.978 (0.961-0.995)
70-74 1,057,469 9,545 0.903 (0.885-0.921)

with R? values ranging from 0.831 t0 0.985 (p <0.031 and
p < 0.001, respectively), attesting to the validity of this
simulation. Of note, the factor b in formula (by which age
codes were multiplied) varied broadly among the 8 areas.
Thus, it was the highest in Hokuriku/Tokai at 0.324 and
Jowest in Holkaido at 0.175, with close to twofold differ-
ences between them.

Estimation of Undiagnosed HCV Carriers in Eight

Areas and the Entire Nation

Based on age- and area-specific prevalence of HCV,
numbers of undiagnosed HCV carriers were calculated
for 8 jurisdiction areas, and they were compiled in the en-
tire nation (table 2). The prevalence of HCV in each of
three age groups (75-79, 80-84 and =85 years) was simu-
lated by the formula, while that of HBV was represented

190 Intervirology 2011;54:185-195

by the prevalence in the group of 70-74 years. As of the
year 2005, 127,285,653 were registered in the national cen-
sus. of Japan, and 807,903 of these are estimated to have
undiagnosed HCV infection at an overall carrier rate of
0.63%. There was an increasing gradient in the prevalence
of HCV along the north-to-south axis of Japan.

Age-Specific Prevalence of HBV

Figure 4 depicts age-specific prevalence of HBV in
2005, It was deduced from HBsAg in the first-time blood
donors (15-69 years) and examinees of periodical health
check-ups (39-73 years). Since the prevalence of HBV in
the elderly did not increase with age so sharply as that of
HCV (fig. 1), it was presumed not to increase further and
stay around 1% in the individuals =75 years. The age-
specific prevalence of HBV tabulated in three different

Tanaka et al.
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Fig. 4. Age-specific prevalence of HBV in Japan during 2002-2006. The prevalence of HBV was determined in
the first-time blood donors aged from 15 to 68 years (blue dots) in the year 2005 and examinees of periodical
health check-ups aged from 39 to 73 years (red dots) in the year 2005. Bars indicate ranges of 95% CL

populations is listed in table 3. There was a constant de-
cline with decreasing age in the frequency of HBV in in-
dividuals =39 years, and it was particularly low in chil-
dren =<9 years (0.017%).

In examinees of periodical health check-ups, the age-
specific prevalence of HBV did not diverge and stayed
within a narrow 95% CI (fig. 4). By contrast, that in the
first-time blood donors dispersed widely. Such a varia-
tion in the age-specific prevalence of HBV would have
been ascribed to the first-time blood donors who clus-
tered in age groups =40 years.

Area-Specific Prevalence of HBV in Eight Jurisdiction

Areas

The age-specific prevalence of HBsAg varied widely
among 8 jurisdiction areas (fig. 5). HBsAg was most fre-
quent in the age group of 55-59 years in every area, and
reached 3.1% in the northern-most Hokkaido. The peak
frequency decreased in central Japan (1.1% in Kanto and
Hokuriku/Tokai), and increased towards the southern
end (1.9% in Kyushu). Thus, the prevalence of HBsAg was
determined individually along the axis of Japan in esti-
mating the total number of HBV carriers in Japan.

Undiagnosed HCV and HBV Carriers in
Japan

Estimation of Undiagnosed HBV Carriers in Eight

Areas and the Entire Nation

Numbers of undiagnosed HBV carriers were complied
by multiplying age-specific prevalence of HBsAg by cor-
responding subpopulations in 8 jurisdiction areas (ta-
ble 4). In total, 903,145 of the 127,285,653 (0.71%) indi-
viduals are estimated to have undiagnosed HBV infec-
tion in Japan in 2005.

Shift of Undiagnosed HCV and HBV Carriers during

5 Years (2000-2005) in Japan

Table 5 compares numbers of HCV and HBV carriers
aged 15-69 years between 2000 and 2005 for 8 jurisdic-
tion areas in Japan. Data for the year 2000 were extract-
ed from a previous survey [5]. Data for the year 2005
were obtained in the first-time blood donors during
2001-2006 in this study by the same method as in the
previous survey [5]. Undiagnosed HCV and HBV carri-
ers decreased during 5 years by 55 and 47.5%, respec-
tively. The overall carrier rate of HCV declined sharply
from 0.95 to 0.44%, and that of HBV from 1.04 to 0.55%
in Japan.

Intervirology 2011;54:185-195 191



Prevalence of HBV (%)

Prevalence of HBV (%)

3.5

Hokkaido Tohoku Kanto Hokurtiku/Tokai
3.0 -0~ HBV screening
—©~ First-fime donors
2.5
2.0
1.5~
0.5

0~ £ O O O N O T O O et I IO O O S I
otodtatotTatTaTow RNYOCTACTAYTOCTOYAY ATOCATCATALCOTAYET ATATOALTOTDLTRALTO T
SATAVIITALRIT SIS NTTITRIIET .},gg‘}“‘.“?‘?‘?‘{‘?‘?“«"?g HIaYAITITNLLEY

CLRESBILRBRBER SRRESBLLBBEBBR LRRYSBILYBBBER LRRYLI8IYLB4E88R
35
Kinki | Chugoku Shikoku Kyushu
3.0 i i
2.5+
2.0
1.5
‘o z;gz"s\‘t
O.S-AFTT/" .’Jll{

0 LI I IR L O L UL I L L S LM AL DO A O L L L DO A I
TN LTATOATOT DD ottt ¢ Aot aYTOATATOT Tt oTadTataTO S
JIE3TRRITARRRT IITIRABITALITT I3LITITITARITT I33RRRIIRRIRY

-Age in 2005 (years)

Fig. 5. Age-specific prevalence of HBV in 8 jurisdiction areas in Japan. The prevalence of HBV is calculated in
each of twelve age groups notched by 5 years. The prevalence in five groups <39 years was represented by the
first-time blood donors and that in seven groups =40 years by recipients of HCV screening. Bars indicate rang-

es of 95% CL

Table 4. Regional and total HBV carriers in Japan

192

Areas Population HBV carriers (95% CI) Carrier rate
Hokkaido 5,620,813 80,573 (72,314-88,765) 1.43%
Tohoku 12,047,975 104,736 (97,742-111,816) 0.87%
Kanto 41,247,892 231,799 (220,129-244,105) 0.56%
Hokuriku/Tokai 19,294,443 109,709 (101,722~117,581) 0.56%.
Kinki 22,657,542 144,965 (134,387-155,464) 0.64%
Chugoku 7,650,977 59,948 (52,705-67,121) 0.78%
Shikoku 4,083;698 29,776 (26,080-33,437) 0.73%
Kyushu 14,682,313 141,639 (132,111-151,282) 0.96%
Total 127,285,653 903,145 (837,189-969,572) 0.71%
Intervirology 2011;54:185-195 Tanakaetal.




