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Fig. 3. Confocal imaging of resensitization of MORs in BHK
cells expressing Venus-fused MORs. Cells were incubated with 100
nM fentanyl (A-H) or 10 uM oxycodone (I-P) in the absence (A-D
and I-L) or presence (E-H and M-P) of B-endorphin, and then
apposed for 30 min, 90 min, 3 h, or 6 h at 37°C. The cells were then
fixed and counted by confocal microscopy. Yellow fluorescence from
Venus indicates the cellular localization of MOR in BHK cells. Scale

remained in the cytosolic fraction at 3—6 h after the
washing-out of B-endorphin and fentanyl (Figs. 3F-
3H). However, in both the presence and absence of
B-endorphin, the internalized MOR induced by oxyco-
done returned to the plasma membrane after the
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bars, 10 pm. Quantitative analysis of the % of the internalized cells
expressing Venus-fused MORs treated with the drugs for 30 min (Q)
or 180 min (R), respectively. The agonist concentrations represent
the dose required to induce the maximal effect on receptor endocyto-
sis for each drug. Each value represents the mean = SEM of six
separate experiments.

washing-out of agonist in a time-dependent manner
(Figs. 31-3P). We performed quantitative analysis of
the agonist-induced internalization of MORs after the
washing-out of each agonist shown in Materials and
Methods. At 30 min after the washing-out of agonists,
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cells treated with fentanyl or oxycodone showed ro-
bust internalization of MORs (fentanyl: 79.0 + 5.14%,
B-endorphin fentanyl: 80.2 = 3.7%, oxycodone: 70.5
+ 7.09%, B-endorphin oxycodone: 70.7 + 5.35%),
which was not seen in morphine-treated cells (mor-
phine: 19.67 * 3.93%, B-endorphin morphine: 21.5 *
4.76%; Fig. 3Q). However, while there was no differ-
ence in the degree of oxycodone-induced MOR inter-
nalization between the presence and absence of
B-endorphin 3 h after washing-out (oxycodone: 23.17
* 5.12%, B-endorphin oxycodone: 30.5 + 4.72%), in
fentanyl-treated cells, B-endorphin caused the pro-
longed internalization of MORs and fluorescence was
stayed in the cytosolic fraction (fentanyl: 27.67 =+
5.47%, B-endorphin fentanyl: 76.5 = 6.02%; Fig. 3R).

It has been widely accepted that receptor desensiti-
zation, internalization and trafficking appear to play
a key role in the development of opioid tolerance
(Claing et al., 2002; Gainetdinov et al., 2004). The ini-
tial process in these events is the phosphorylation of
intracellular domains of MOR. Phosphorylated MORs
are mostly internalized via clathrin-coated pits into
early endosomes and subsequently dephosphorylated
by intracellular protein phosphatases. The dephos-
phorylated MORs might either be recycled to the
plasma membrane or transported to lysosomes for
degradation. A growing body (Smalheiser and Lugli)
of evidence suggests that among diverse serine/threo-
nine (Thr) residues of the intracellular domain of
MOR, the phosphorylation of Ser 375 in the mouse
MOR is essential for the internalization of MORs
(Schulz et al., 2004). In a previous study, we found
that repeated treatment with fentanyl, but not mor-
phine, resulted in an increase in the levels of phos-
phorylated-MOR (Ser 375) associated with the
enhanced inactivation of protein phosphatase 2A and
a reduction in Rab4-dependent MOR resensitization
in the spinal cord of mice that showed inflammatory
pain (Imai et al., 2006). However, several lines of evi-
dence indicate that, in response to pain stimulus, en-
dogenous B-endorphin is released within some brain
regions (Zubieta et al., 2001). We previously reported
that B-endorphin released in the ventral tegmental
area is a key factor in regulating the dysfunction of
MOR to negatively modulate opioid reward under a
neuropathic pain-like state (Niikura et al., 2008,
2010). Taken together, although further studies are
still needed, these findings support the idea that inhi-
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bition of the resensitization system of MOR following
chronic treatment with fentanyl in the presence of
B-endorphin may be associated with antihyperalgesic
tolerance to fentanyl under a chronic pain-like state.

In conclusion, we demonstrated here that unlikely
morphine, either fentanyl or oxycodone induced a
robust MOR internalization and, in turn, its resensiti-
zation. In the presence of B-endorphin, the internal-
ized MOR induced by fentanyl, but not oxycodone,
remained within the cytosolic fraction even after
washing out. These findings strongly support that
idea that fentanyl has different pharmacological pro-
file form that of morphine or oxycodone.
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More than 60 years have elapsed since the atomic bombings to Hiroshima and Nagasaki, and since all of the atomic bomb
survivors have become old, the importance of caring their mental health has become increasing in Japan. Although approxi-
mately 70% of overseas atomic bomb are living in Korea, there have been quite few studies on their mental heaith. The objec-
tives of the present study were to elucidate whether the mental health conditions of atomic bomb survivor in Korea are similar
to those in Japan. The subjects were 181 Korean atomic bomb survivors living in Korea (cases) and 209 outpatients of a hos-
pital in Seoul who were not exposed to atomic bombs (controls). [nterviewers administered them at the hospital a question-
naire with Impact of Event Scale-Revised, General Health Questionnaire 12 (GHQ-12), Korean version of short form Geriatric
Depression Scale and the K scale of the Minnesota Multiphasic Personality Inventory. Excluding subjects with incomplete re-
sponses we analyzed 162 cases and 188 controls. The proporticn of subjects with high score of GHQ-12 (2 4) was significantly
higher in cases (78/162 or 48.1%) than in controls (42/189 or 22.2%) (p < 0.0001, Fisher's exact test). The present results,
though preliminary, indicate that atomic bomb survivors in Korea have also mental health problems similar to those observed
in Japanese atomic bomb survivors, indicating the necessity of a larger study. :

ACTA MEDICA NAGASAKIENSIA 56: 53—58, 2011

Keywords: Korean A-bomb survivors, mental health, traumatic stress

Introduction

Two atomic bombs (A-bombs) were dropped on Hiroshima
on 6 and on Nagasaki on 9 August 1945, respectively. The
bombs instantaneously destroyed almost all areas of the re-
spective cities, resulting in a total of 194,000 deaths by the
end of 1945 and about 158,000 injured people. As of the end
of March 2007, there were approximately 240,000 atomic

bomb survivors in Japan. Hereafter, the atomic bomb survivor
(A-bomb survivor) designates an individual who has offi-
cially been issued a so called A-bomb survivor's handbook.
The A-bomb survivors are classified into 4 groups: Category
1-individuals exposed to the A-bombs in designated areas
in Hiroshima or Nagasaki, who are called directly exposed;
Category 2-individuals who had not been exposed to A-
bombs but entered into the designated areas in either city
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within 2 weeks after the bombing; Category 3-individuals
who were engaged in rescue and burial; and Category 4-
individuals who were in uteri of those in Categories 1-3.

In addition to these survivors, there are many so-called
‘overseas atomic bomb survivors' who had been exposed to
the A-bombs and immigrated to foreign countries or returned
to their home country. As of the end of March 2007, there
were approximately 4,300 overseas atomic bomb survivors.
Of those survivors, about 2,930 were in the Republic of
Korea (called hereafter Korean A-bomb survivors), 970
were in the United States, and 160 were in Brazil, so that
90% of overseas survivors were in these 3 countries.

As Japan is the unique country that has experienced atomic
bombing, health effects of exposure to the A-bomb have
been investigated extensively. The results of these studies
have demonstrated that many survivors are still experiencing
physical problems due to the effects of A-bomb radiation,
65 years after exposure. Known physical effects include an
increased risk of lenkemia and various other types of can-
cer, and many researches have been carried out to elucidate
the role of radiation in developing these diseases.'”

Studies on overseas A-bomb survivors include a mail
survey of the health status of 1,256 Korean A-bomb survi-
vors," an investigation of the health status of 4,079 children
of 1,115 Korean A-bomb survivors,’ and studies comparing
Korean A-bomb survivors and controls with respect to the
physical conditions using blood tests and other data.*” The
study of Korean survivors' children® demonstrated a relatively
high frequency of mental retardation (0.18%) and congeni-
tal bone disorders (0.18%) among them. Jhun et al’ reported
that blood pressure, white blood cell count, serum total cho-
lesterel, and aspartate aminotransferase level were higher in
Korean A-bomb survivors than in controls, while hemoglo-
bin concentration, hematocrit, and red blood cell count
were lower in the former than in the latter. Although the re-
ports on physical illness in Korean A-bomb survivors are
increasing, their number is still small compared to those on
Japanese A-bomb survivors.

Though less compared to the study on physical conditions
in Japanese A-bomb survivors, several researches have been
carried out about their mental health conditions. The study
by Okumura et al® is the first one regarding the psychologi-
cal impact on A-bomb survivors: they randomly selected
3 months after the Nagasaki atomic bombing 50 patients
among 192 A-bomb survivors having been hospitalized at
Omura Naval Hospital, examined them, reviewed their medi-
cal history, and diagnosed 3 patients psychogentic disorder.
Nishikawa et al’ reported that they observed 533 neurosis
cases among 7297 A-bomb survivors in Nagasaki who
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underwent an extensive health examination and that the
proportion of neurosis cases was higher by twofold or more
in those with acute symptoms due to radiation exposure
(9.7%) than in those without such symptoms (3.9%). Ohta
et al” reported that psychological distress measured half a
century after exposure to the A-bomb on the basis of the
GHQ-30, 30-item version of the original General Health
Questionnaire (GHQ) consisting of 60 items," was greater
in the A-bomb survivors than in the controls. A study by
Honda et al”? on the mental health of Nagasaki A-bomb sur-
vivors revealed that 8.4% of them scored 4 points or higher
in GHQ-12 (12-item version of the original GHQ)," sug-
gesting that A-bomb survivors had mental health problems.
The analysis” of 35,035 responses to the mail survey which
Nagasaki city administered to 49,867 A-bomb survivors in
2003 showed that 4,503 (28.2%) scored 25 points or higher
on the Impact of Event Scale-Revised (IES-R)." Furthermore,
Yamada et al"® demonstrated that the proportion of A-bomb
survivors showing anxiety disorder or somatoform disorder
was significantly higher in those who had acute symptoms
than in those who did not.

Since little is known about the mental health of overseas
atomic bomb survivors, and since most of them living in
areas other than Korean Peninsula are Japanese, we carried
out the present study to elucidate the mental health condi-
tions in Korean A-bomb survivors. The study was approved
by the Nagasaki University School of Medicine Ethics
Committee (08061978-2).

Subjects and Methods

Study subjects were Korean A-bomb survivors living in
Seoul and outpatients of a hospital in Seoul not exposed to
the A-bomb, who were included as controls.

Information on subjects was collected using anonymous
self-administered questionnaire written in Korean with the
help, if necessary, by Korean interviewers who were not
healthcare professionals; however, they received, prior to
commencement of the survey, one-day training enough to
understand the content of the questionnaire. The question-
naire administered to controls included basic demographic
items, e.g. gender and age, the GHQ-12," the Korean version
of short-form Getiatric Depression Scale (K-SGDS),' and the
Minnesota Multiphasic Personality Inventory (MMPI),"™'®
while the questionnaire administered to Korean A-bomb
survivors included furthermore the I-ESR,"” the questions
about circumstances due to the atomic bombing, e.g. inju-
ries and deaths of family members, questions about the
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experience of blast, heat and light from the borb, and ques-
tions about official category as an A-bomb survivor.

The IES-R was used to assess the presence of posttraumatic
stress disorder (PTSD) in A-bomb survivors. All items in
the IES-R are scored on a S-point scale (0, 1, 2, 3, 4} and
the degree of PTSD is measured as the sum of all scores.
The IES-R was assessed on the basis of the score distribu-
tion.

The GHQ-12 was used to assess the current mental health
status. There are two methods for calculating the GHQ
scores: the one method called the Likert scale method
scores respective responses to each item by 4-point scale of
(0, 1, 2, 3) and sums up all the scores to make up the total
score, while the other method scores respective responses
to each item by 4-point scale (0, C, 1, 1) and sums up all the
scores to make up the total score. The latter method was
used in this study to calculate the GHQ score; the GHQ-12
score of 4 or higher was designated as a high GHQ-12
score, and those with a high GHQ-12 score are said to be
more likely to have a non-psychotic mental illness."

The K-SGDS, the respective items being scored on a 2-
point scale, was used to measure depression status. The
total of the scores of all items was used for assessment, and
subjects with total score of 8 or more were classified into
a group of high scorers showing a tendency towards de-
pression.

. The MMPI K-scale (MMPIK), the respective items being
scored on a 2-point scale, was used to assess respondent’s
demeanor during interviews related to attitudes towards
personal problems. The total of the scores of all items was
used for assessment, and subjects with total score of 20 or
more were classified into a group of high scorers.

The frequency of subjects with high score was compared
between A-bomb survivors and controls for GHQ-12, K-
SGDS and MMPIK on the basis of Fisher's exact test.
Similar comparison was also made in A-bomb survivors
between those exposed within 2.5 km from the hypocenter
and those exposed at further place. The effects of radiation
exposure, gender, age and MMPIK score on the frequency
of high GHQ-12 score was assessed by logistic regression
analysis. The necessary calculations were performed using
PROC FREQ and PROC LOGISTIC of the SAS system®
version 9.1. The results were called (statistically) signifi-
cant if the p-value was less than 0.05.

Results

The questionnaire was administered to 181 individuals
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(66%) among 274 people who received health consultations
for Korean A-bomb survivors in Seoul between June 23
and July 5, 2008; they provided written consent to partici-
pate in the present study. Of 181 participants, 19 people
were excluded because they cancelled participation in the
course of interview or because their responses were incom-
plete. A total of 162 A-bomb survivors (86 men and 76
women) remained for the analysis. A slightly different
questionnaire was administered to 225 controls who pro-
vided written consent to participate in the present study.
After excluding 36 participants who cancelled participation
in the course of interview, whose responses were incom-
plete or who required hospitalization in the course of
interview189 controls (89 men and 100 women) remained.
Thus a total of 351 people (175 men and 176 women) re-
mained for the analysis.

The male-female ratio was 1.13 in A-bomb survivors and
0.8% in controls, and no statistically significant difference
was observed in the male-female ratio between A-bomb
survivors and controls (p = 0.29, Fisher's exact test). The
ages of A-bomb survivors ranged from 62 to 88 years with
quartiles of 65, 68, and 73 years, while those of controls
ranged from 59 to 89 years with quartiles of 66, 71, and 76
years. Though a statistically significant difference was ob-
served in the median of age distribution between the two
groups (p = 0.0039, Wilcoxon rank-sum test), the differ-
ence was rather small.

Among 162 A-bomb survivors, 148 (91.4%) were of
Category 1, 3 (1.8%) were of Category 2, 7 (4.3%) were of
Category 4, and categories in 4 (2.5%) were unknown.
Regarding the A-bomb survivors' health conditions before
the bombing, 118 (72.8%) responded good, 17 (10.5%) re-
sponded fair, 2 (1.2%) responded not good, and 25 (15.4%)
responded nothing. Twenty-five A-bomb survivors (15.4%)
had been treated after the bombing, while 129 (79.6%) did
not, and 8 (4.9%) responded nothing. Approximately half
of the A-bomb survivors (80 or 49.4%) lost their family
members or relatives. Among 160 A-bomb survivors who
responded to the questions about flash, blast and heat, 8
(5.0%) responded that they had not feel any of them, 42
(26.3%) responded that they had felt all, 63 (39.4%) re-
sponded that they remember any of them, 21 (13.1%) and
24 (15.0%) responded that they felt one and two, respec-
tively, 2 (1.2%) responded that although they felt flash, they
didn't remember other two.

The mean (standard deviation, SD) of IES-R score in A-
bomb survivor was 19.9 (14.3), and the proportion of those
with score of 25 or higher was 30.25%.

The proportion of subjects with high GHQ-12 score was
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larger in A-bomb survivors (48.1% or 78/162) than in con-
trols (22.2% or 42/189); the difference was statistically sig-
nificant (p < 0.0001, Fisher's exact test) (Table 1). The mean
(SD) of GHQ-12 score calculated by Likert scale method
was 14.4 (6.4) in A-bomb survivors and 10.7 (4.3) in con-
trols, respectively.

Table 1. Comparison of the A-bomb survivors and controls re-
garding the frequency of subjects with high scorers in the GHQ-
" 12, K-SGDS, and MMPIK scales

Group
Scale Score A-bomb  Controls  Pvalue
survivors
m=162) (n=189)
GHQ-12 =4  78(48.1%) 42(222%) <0.0001
K-SGDS >8 56(34.6%) 56(29.6%) 0.3586
MMPIK >20  39(24.1%) 24(127%)  0.0077

GHQ-12: General Health Questionnaire (GHQ) is a self-administered screen-
ing instrument developed by Goldberg" to detect psychiatric disorders in
community settings and non-psychiatric clinical settings such as primary
care or general practice. The full version consists of 60 items. In the pre-
sent study, we used a quick, reliable and short form consisting of 12 items
named GHG-12.

K-SGDS: The Korean version of SGDS, which is a short form of self-
evaluating scale GDS (Geriatric Depression Scale) designed specifically to
identify depression in the elderly. Although the full verston of GDS con-
sists of 30 items, the number of items in SGDS is decreased to 15 for not
fatigning elderly testee.

MMPIK: Abbreviation of The Minnesota Multiphasic Personality Inventory
(MMPI) K scale. MMPI was developed in the late 1930's by psychelogist
S.R. Hathaway and psychiatrist J.C. McKinley at the University of
Minnesota. The K scale of the MMPI was an attempt to assess more subtle
distortion of response, particularly clinically defensive response.

The proportion of subjects with high K-SGDS score was
larger in A-bomb survivors (34.6% or 56/162) than in con-
trols (29.6% or 56/189); the difference, however, was not
statistically significant {p = 0.3586, Fisher's exact test) (Table
1). The mean (SD) of K-SGDS score was 5.8 (4.5) in A-
bomb survivors and 5.0 (4.2) in controls, respectively.

The proportion of subjects with high MMPIK score was
larger in A-bomb survivors (24.1% or 39/162) than in con-
trols (12.7% or 24/189); the difference was statistically sig-
nificant (p < 0.0077, Fisher's exact test) (Table 1).

Table 2 presents the results of the logistic regression
analysis regarding the frequency of subjects with high GHQ-
12 score; we see from this Table, for example, that the odds
of the frequency of subjects with high GHQ-12 score in A-
bomb survivors will be about 3.3 times higher than those in
controls after adjustment for gender, age and MMPI K
scale score.

Table 3 summarizes the comparison of 69 A-bomb survivors
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Table 2. The results of the logistic regression analysis regarding
the frequency of subjects with high GHQ-12 score

Estimated odds ratio

Factor Comparison (95% CI)
Exposure to A-bombing Yes vs No 3.3 (2.09-5.50)
Gender Female vs Male 1.8 (1.14-297)
Age >70 years vs <70 years 1,2 (0,78-2.03)
MMPI K scale score 220 vs <20 1.8 (1.04-3.35)

Table 3, Comparison of the A-bomb survivors exposed within 2.5
km from the hypocenter and those exposed at 2.5 ki or further
from the hypocenter regarding the frequency of subjects with high
scorers in the IES-R, GHQ-12, K-SGDS, and MMPIK scales

Distance of the exposed
place from the hypocenter

Scale Score P-value
<25km =25km
(n = 69) {n=158)
IES-R 24 24 (34.8%) 25(43.1%) 0.8523
GHQ-12 >4 34(49.3%) 25(43.1%) 0.5924
K-SGDS =8 21(30.4%) 21(36.2%) 0.5711
MMPIK = 20 14(20.3%) 16(27.6%) 0.4032

IES-R: Abbreviation of The Impact of Event Scale-Revised developed by
Weiss and his colleagnes, which is a self-administered 22-jtem question-
naire based on three clusters of symptoms identified in the Diagnostic and
Statistical Mannual of Mental Disorders, third edition (DSM-III}, as indi-
cators of posttraumatic stress disorder (PTSD).

See the footnote of Table 1 for other scales.

directly exposed within 2.5 km from the hypocenter and 58
those directly exposed at 2.5 km or further from the -hypocenter
with respect to the frequnency of subjects with high IES-R,
GHQ-12, K-SGDS, and MMPIK scorers. No statistically sig-
nificant difference was indicated between the two groups of A-
bomb survivors regarding these three scales, No adjustment for
circumstances in A-bomb survivors was made because they
correlate with the distance of the exposed place from the
hypocenter.

Discussion

In the present study carried out in 2008, over 60 years after
the atomic bombings, 30.25% of Korean A-bomb survivors
scored 25 or more in [ES-R with the mean (SD) of 19.9 (14.3).

The following results have been reported for studies related
to PTSD in Koreans using the IES-R. In a survey on Koreans
conducted by Yoon et al”, the mean (SD) of IES-R score
among 65 individuals diagnosed with PTSD was 40.6 (16.9).
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Studies by Bahk et al” and Kim et al reported the mean (SD)
of IES-R score as 53.1 (13.0), and 49.8 (11.9), respectively, for
individuals diagnosed with PTSD. These studies are subject to
people got the PTSD was evaluated immediately after expo-
sure to stress reactions (1 month). The IES-R levels of the
precedent studies were higher than that of our study. We guess
the reason as follows: the subjects of survey being patients
given a diagnosis of PTSD, and the evaluation time was one
month later exposed to severe stress in the precedent studies.

IES-R questionnaires given to survivors of the Nagasaki
atomic bombing” showed that 28.2% were high scorers (25
points or higher). This study results, though preliminary, indi-
cate that A-bomb survivors in Korea have also mental health
problems similar to those observed in Japanese A-bomb survi-
vors,

The study by Honda et al” reported that 8.4% of Nagasaki
survivors were in the GHQ high scoring group (4 points or
higher). In the present study, 48.1% of Korean survivors were
in the GHQ-12 high scoring group (4 points or higher).
These percentages are higher than those of Japanese survi-
vors, suggesting that Korean survivors have some mental
health problems.

Surveys conducted in Korea related to the GHQ-12 scale
revealed the mean (SD) of GHQ-12 score calculated by
Likert scale method as 17.7 (5.5) in subjects who showed
a tendency towards depression.” A Korean study conducted
by Han et al® on patients with depression or anxiety disor-
der who were receiving primary care reported mean GHQ-
12 scores calculated by Likert scale method of 13.8 for
those with depression and 15.3 for those with panic disor-
der. In the present study, the mean (SD) of GHQ-12 score
calculated by Likert scale method in Korean survivors was
14.1 (6.0), which is roughly equal to the score in the above
study. This study results were similar to the group that any
psychiatric problems.

When we calculated odds ratios to test the influence of
various factors on GHQ-12 score, we found that gender and
age had little effect on the rise of GHQ-12 scores, but the
effect from presence/absence of A-bomb exposure was large,
As a result, it was suggested that a being bombed experi-
ence adversely affected the mental health of the A-bomb
SUIVIVOrS.

Research conducted by Bae et al** on K-SGDS of older
Korean psychiatric outpatients revealed the mean (SD) of
the score as 10.82 (3.00) in those with major depression
and 5.71 for those without depression. The mean (SD) of
K-SGDS score found in this study was 5.8 (4.5). However,
in other study,” the mean (SD) of K-SGDS score in pa-
tients with early dementia was 5.5 (4.0). Therefore, it

o7

cannot be said that a mean of K-SGDS in results of this
study is low unconditionally. The percentage of high scorers
in the K-SGDS questionnaire with scores of 8 points or
higher was 34.6% (56 people) for survivors. From the above,
the percentage of depression among Korean A-bomb survi-
vors was high.

In the MMPI K scale as well, the percentage of high
scorers in the MMPI K questionnaire with scores of 20
points or higher was 34.1% (39 people) for survivors of
Korean survivors were high scorers. High MMPI K scorers
are said to be defensive towards the investigation, while
low scorers are said to be frank and self-critical.”*"” The
fact that scores for this scale were high in Korean survivors
suggests that they may be leading their lives without being
aware of their own psychological confusion.

When we tested the difference between those within or
outside of a 2.5 km perimeter from the hypocenter during
exposure, we did not find any significant differences in any
items of the GHQ-12, K-SGDS, or MMPI scales, suggest-
ing that distance from the hypocenter did not affect psychi-
atric health. Other studies related to the mental health of
survivors'™™* have reveal the influence of distance from
the hypocenter on psychiatric health of survivors. In those
studies, survivors who were within 2.0 km of the hypocenter
when exposed to the A-bomb presented with acute symp-
toms due to radiation from exposure. Following exposure,
they felt anxiety regarding their own health, as well as
anxiety from such experiences as deaths in their family and
destruction of their home. Such anxiety is considered to be
a factor that leads to poorer mental health, 51.2% of sub-
jects of this study were 5 years old or younger at the time
of A-bomb exposure. Therefore, memory at being bombed
is vague, and the possibility that affected the anxiety about
the being bombed is inferred. We think that more detailed
examination will be necessary about the association be-
tween being bombed distance and mental health.

The present study has several limitations, including the
probable biases stemming from that the Korean A-bomb
survivors participated in the study were only those who
participated in consultation program, and the smallness in
the sample size. Addressing these issues in further research
is important for increasing our understanding of psychiatric
health problems in Korean survivors.

The above-mentioned results, in the present that passed
from atom bomb being bombed more than 60 years, it was
found that the A-bomb survivors residing in Korea had a
problem in mental health associated with a being bombed
experience.
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Conelusion

This study is the first to focus on psychiatric health prob-
lems in Korean A-bomb survivors. The results demonstrated
the poor psychiatric health of Korean survivors, and sug-
gested that atomic bomb exposure may be a major causal
factor. Further studies are needed to provide detailed ex-
aminations of mental health problems among Korean survi-
vOrs.
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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 donors
[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% Cl 679,886-974,292) 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 is a 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, it is 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 donors and 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 Hokkaido, 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

Duringéyearsfrom January 2001 to December 2006, 3,748,422
individuals (aged 16-64 years) donated whole blood 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
5to9 years. Designs and 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:
log y(x) = a + bx

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

y(x) = efeb*

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

group aged 0-4 years), since y(0) is equal to ¢% By teplacing(ic for

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

y(x +1) = eby(x)

where e? is the slope of HCV prevalence increasing with age. Thus,
the HCV prevalence is multiplied by a factor e” for an increment
of the age code by 1.

The simulation model was applied to estimate age-specific
prevalence of HCV in each 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, I1l., 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-11I; 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, Japan).

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 prevalence 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
populations were well in accord. For the first-time blood
donors, however, the variation (95% CI) widened increas-
ingly with age. It would have reflected decreases in the
first-time blood donors with age, since the majority of
these (83.5%) were aged =39 years. As the prevalence of
HCV in blood donors =40 years was unreliable in them,
that in examinees of periodical check-ups was adopted for
estimating the national prevalence of HCV.

Area-Specific Prevalence of HCV in Eight Jurisdiction

Areas

In view of distinct geographic distribution of HCV, the
prevalence of HCV in the general population would not be
applicable to every area in Japan. Figure 2 compares results
in the first-time blood donors and recipients of health
check-ups among 8 jurisdiction areas spanning from north
(Hokkaido) to south (Kyushu). They unfolded a wide vari-
ety in the age-specific prevalence of HCV. Although the
prevalence of HCV increased with age in all areas, the slope
of increase differed widely among them. Hence, it was nec-

essary to employ a distinct age-specific prevalence in each
of the 8 areas for estimating HCV carriers precisely.

Undiagnosed HCV and HBV Carriers in
Japan

Table 1. Age-specific prevalence of HCV in three different popu-
lations

Age in 2005 n HCV- Prevalence, %
positive,n  (95% CI)
School children
5-9 17,390 2 0.012 (0.000-0.027)
10-14 29,817 3 0.010 (0.000-0.021)
15-19 32,049 7 0.022 (0.006-0.038)
Blood donors
20-24 1,205,966 1,122 0.065 (0.061-0.070)°
25-29 536,560 874 0.114 (0.105~0.123)
30-34 408,814 1,089 0.186 (0.173-0.200)*
35-39 278,024 1,190 0.300 (0.279-0.320)2
HCV screening
40-44 611,146 2,127 0.348 (0.333-0.363)
45-49 495,032 2,292 0.463 (0.444-0.482)
50-54 675,350 3,485 0.516 (0.499-0.533)
55-59 947,438 5,974 0.631 (0.615-0.646)
60-64 1,081,854 8,423 0.779 (0.762~0.795)
65-69 1,264,496 13,722 1.085 (1.067-1.103)
70-74 1,054,472 17,649 1.674 (1.649-1.698)

* The prevalence in blood donors was based on an assumption
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 years in
the year 2005. To fill in an opening on the younger side,
the age-specific prevalence of HCV was determined in
school children 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.

188 Intervirology 2011;54:185-195

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-
ly. Prevalence of HCV in the first-time blood donors as well as
examinees of periodical health check-ups (dots) and that simu-
lated by formulation (red line with ranges of 95% CI in dotted line)
are shown for 8 jurisdiction areas in Japan. Formula is shown at

Undiagnosed HCV and HBV Carriers in
Japan

the top of each area. Age codes are: 1, 5-9 years; 2, 10-14 years; 3,
15-19 years; 4, 20-24 years; 5, 25-29 years; 6, 30-34 years; 7, 35-39
years; 8, 40-44 years; 9, 45-49 years; 10, 5054 years; 11, 55-59
years; 12, 60-64 years; 13, 65-69 years; 14, 70-74 years, and 15
75-79 years.
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Table 2. Regional and total HCV carriers

in Japan Areas Population HCV carriers (5% CI) Carrier rate
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 (147,548-207,173) 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 (89,379-113,993) 0.80%
Total 127,285,653 807,903 (679,886-974,292) 0.63%
;r: I::s_ es é dAigf;ejgf: ;tz;ﬁ;:;il;:ce of HBY 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)
HBYV 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 to 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
lowest in Hokkaido 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
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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
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Fig. 4. Age-specific prevalence of HBV in Japan during 2602-2006. 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% CI.

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.
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first-time blood donors and that in seven groups =40 years by recipients of HCV screening. Bars indicate rang-
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Table 4. Regional and total HBV carriers in Japan

Areas Population HBYV 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%
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Table 5. Decrease of undiagnosed HCV and HBV carriers in the 15- to 69-year-old population in Japan

Survey in 2000° Survey in 2005 Difference
number carrier rate number carrier rate number balance
estimated  in area® estimated  inarea® estimated
Shift of HCV carriers during 5 years from 2000 to 2005
Hokkaido 41,139 0.99% 17,658 0.44% -23,481 -57.1%
Tohoku 61,658 0.71% 30,525 0.37% -31,133 ~-50.5%
Kanto 277,644 0.90% 126,283 0.41% -151,361 -54.5%
Hokuriku/Tokai 88,724 0.64% 48,360 0.35% -40,364 ~45.5%
Kinki 178,871 1.06% 70,526 0.43% ~108,345 -60.6%
Chugoku 72,431 1.32% 24,595 0.47% -47,836 -66.0%
Shikoku 43,497 1.49% 16,504 0.59% -26,993 -62.1%
Kyushu 120,989 1.16% 64,115 0.63% -56,874 -47.0%
Total 884,954 0.95% 398,567 0.44% ~486,387 -55.0%
Shift of HBV carriers during 5 years from 2000 to 2005
Hokkaido 106,896 2.56% 54,557 1.35% -52,339 -49.0%
Tohoku 104,923 1.21% 48,490 0.58% -56,433 -53.8%
Kanto 255,207 0.83% 132,414 0.43% ~122,793 -48.1%
Hokuriku/Tokai 78,481 0.56% 51,477 0.37% ~27,004 -34.4%
Kinki 165,915 0.98% 85,083 0.52% -80,832 -48.7%
Chugoku 90,041 1.64% 37,706 0.71% -52,335 -58.1%
Shikoku 38,411 1.32% 19,162 0.69% -19,249 -50.1%
Kyushu 127,879 1.23% 77,941 0.77% -49,938 -39.1%
Total 967,753 1.04% 506,830 0.55% -460,923 ~47.6%

* Data for the year 2000 were extracted from a previous survey of hepatitis virus infections in Japan [5].
® The carrier rate specific for respective jurisdiction area was applied.

Discussion

There are many constraints in estimating total HCV
and HBV infections in a given nation. Since it is not fea-
sible to test every member for serological markers of hep-
atitis virus infection, populations representative of the
entire nation have served for the estimation. Volunteer
blood donors are recruited, but they have a restricted age
range (16-64 years in Japan). Students attending schools
and universities can close the opening in younger gen-
erations, but infants younger than the school age are not
enrolled. Moreover, there are no means of estimating car-
rier rates of hepatitis virus infections in the individuals
aged beyond the eligibility of blood donation. In addition,
blood donors are selected individuals who are leading

healthy lives above the average. In the survey of inhabit-
ants in sentinel counties of the USA [6], who represent the
average Americans, patients with liver disease and per-
sons with restricted activities, such as those incarcerated
or institutionalized, are not included.

Undiagnosed HCV and HBV Carriers in
Japan

Patients with clinical liver disease, as well as individu-
als found with HCV or HBV infection by health check-
ups, can receive the medical care. However, many blood
donors found with viral infections have developed severe
liver disease already, and therefore, cannot receive effi-
cient medical interventions (7, 8]. Hence, it is necessary to
detect undiagnosed HCV and HBV infections hidden in
the society. For this purpose, periodical health check-ups
for screening hepatitis virus markers were started in
April 2002 on the individuals, who turned 40, 45, 50, 55,
60 and 70 years, by a 5-year national project in Japan. The
target age range (40-70 years) was selected due to a high
incidence of hepatocellular carcinoma [9]. Since by far the
majority of the first-time blood donors were younger
than 40 years, the prevalence of HCV or HBV beyond
that age dispersed widely (fig. 1, 4). In this study, there-
fore, the coverage by the first-time blood donors was con-
fined to 20-39 years of age, and it was taken place by ex-
aminees of health check-ups aged 40-74 years; they left
age groups <15 and =75 years uncovered, however.
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- The national prevalence of hepatitis virus infections in
individuals <19 years was presumed to be similar to that
in the Iwate prefecture situated in northern Japan. Since
the prevalence of HCV or HBV infection in them was ex-
tremely low and stayed between 0.01 and 0.02%, such an
assumption would not have affected the overall results to
any significant extent. The prevalence of HCV in age
groups =75 was simulated by a premise that it would be
an exponential function of the age. Consequently, the for-
mula based on profiles in five age groups from 50 to 74
years (at a 5-year notch) was extrapolated to three age
groups =75 years. The simulation matched closely with
the prevalence determined in corresponding age groups,
with R? values ranging from 0.83 to 0.99 (p < 0.05 and
p < 0.01, respectively) throughout 8 jurisdiction areas in
Japan (fig. 3).

Japan has an axis spanning 2,000 kilometers from the
north-east towards the south-west over the four major
islands (Hokkaido, Honshu, Shikoku and Kyushu). With-
in a rather small land, the prevalence of HCV or HBV is
not uniform all over Japan. The prevalence of HCV had
an increasing gradient from north to south, and was the
highest in Kyushu (table 2), while that of HBV was the
highest in Hokkaido, decreased in between and then in-
creased towards Kyushu (table 4). Reflecting such local
differences, age-specific prevalence of HCV or HBV dif-
fered widely among 8 jurisdiction areas (fig. 2, 5).

Based on the results obtained on the area- and age-
specific prevalence of HCV or HBV, carriers of these hep-
atitis viruses in 8 jurisdiction areas were tabulated sepa-
rately over age groups from 20 to 74 years. Those in age
groups <19 years were represented by the Iwate prefec-
ture. The prevalence of HCV in age groups =75 years was
simulated by the formula, and that of HBV was repre-
sented by individuals aged 70-74 years. Japan was popu-
lated by 127,767,994 people in 2005. Of these, 807,903
(95% CI 679,886-974,292) were estimated to have undi-
agnosed HCV infection at an overall prevalence of 0.63%,
and 903,145 (837,189-969,572) to possess undiagnosed
HBYV infection at that of 0.71%. These estimates are much
less than publically inferred numbers of HCV and HBV
carriers in Japan at 1.5-2.0 million each. Leaving aside
HCV and HBV carriers who have developed liver disease
and stayed outside the scope of the present study, our es-
timates based on reasonable scientific grounds are much
smaller; they add up barely half of generally referred fig-
ures around 1.5-2.0 million in Japan.

Based on the sex- and age-specific prevalence of hepa-
titis virus markers in the 3,478,422 first-time blood do-
nors during 2001-2006, with the same criteria used in the
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previous study (5], we have estimated the number of un-
diagnosed HCV carriers aged 15-69 years in the year
2005 to be 398,567 (95% CI 295,410-501,453) and that of
undiagnosed HBV carrierstobe 506,830 (95% CI1398,115-
616,113). In the previous study (5], undiagnosed HCV and
HBYV carriers aged 15-69 years in the year 2000 were as-
sessed to be 884,954 (95% CI 725,082-1,044,826) and
those with HBV to be 967,753 (95% CI1 806,760-1,128,745).
They decreased by 55.0 and 47.6%, respectively, during 5
years (table 5). In support of this view, the incidence of
HCV or HBV infection during 10 years (1994-2000) in
Japan is very low and estimated at 1.86 (95% CI 1.06-3.01)
or 2.78 (1.87-4.145) per 100,000 person-years [10]. De-
creases in undiagnosed HCV and HBV carriers in Japan
would have been attributed to increased chances of re-
ceiving tests for hepatitis virus infections at health check-
ups and medical institutions, as well as increased aware-
ness due to educational programs or other healthcare
campaigns or screening programs in high-risk individu-
als. Additionally, there would have been a cohort effect in
individuals aged 15-69 years who have shifted by 5 years
during the observation period.

The results of the Third National Health and Nutri-
tion Survey (HANES III, 1988-1994) [11] and those of
more recent HANES (2001-2002) [6] in the USA are es-
sentially similar with respect to age-specific profiles of
HCYV infection, and shifted by 10 years. The incidence of
de novo HCV and HBV infections may have decreased
substantially both in the USA and Japan, driven partly by
the introduction of the nucleic acid amplification test and
a more stringent questionnaire on donors to exclude
blood donations in the window period of infection [12-
17]. The national burden of HCV infection has been re-
ported in Great Britain [18], where the prevalence of anti-
HCYV in hospitalized patients was 3.4% and that in the
first-time blood donors was 0.03% in the year 2008.

In spite of many improvements in the control of hepa-
titis virus infections, there are many HCV and HBV car-
riers buried in the society who need immediate identifi-
cation for receiving timely and efficient medical inter-
ventions. Treatment of viral hepatitis keeps improving,
especially for liver disease induced by HCV. The sus-
tained virological response in the patients infected with
HCV of genotype 1, who have received triple therapy with
pegylated interferon, ribavirin and protease inhibitors,
has increased to 70% or higher, from 50% with the state-
of-care therapy with pegylated interferon and ribavirin
(19, 20]. With the advent of new antiviral drugs that will
enter the scene in the foreseeable future, the virological
response is expected to increase further, There would be
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nothing like early detection of HCV and HBV infections
for appropriate and timely medical care to prevent the
progression of liver disease. Such a rational strategy will
benefit not only patients themselves, but also merit the
society and government, which are going to be burdened
with ever-increasing morbidity and mortality along with

skyrocketing costs.
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Abstract

Infection with hepatitis C virus (HCV) persisted for longer
than 29 weeks in 2 chimpanzees after they had been inocu-
lated with it experimentally. One of them (C-210) received
short-term subcutaneous interferon-o (IFN-a) 6 million units
(MU) daily for 7 days at week 29. He cleared HCV RNA from
the serum and remained negative for it during 25 weeks af-
ter the withdrawal of IFN. The other (C-224) did not respond
to 2 courses of a short-term IFN monotherapy at weeks 20
and 23. Twelve weeks thereafter, he received IFN-a 3 MU dai-
ly for 2 weeks and then 3 times a week for 14 weeks com-
bined with oral ribavirin 600 mg daily during 16 weeks. HCV
RNA disappeared from the serum and stayed negative until
thelast follow-up 24 weeks after the completion of combina-
tion therapy. Copyright © 2011 5. Karger AG, Basel

Due to a very narrow species-specificity of hepatitis C
virus (HCV), chimpanzees remain the only animal that
canbeinfected with it. Once they served as the sole means

of identifying the infection with HCV that had been re-
ferred to as non-A, non-B hepatitis virus until its discov-
ery in 1989 [1]. HCV infection can persist in chimps at
rates ranging from 30 to 60%, depending on the age and
gender as well as viral strains in inocula they have re-
ceived [2, 3]; the persistence rate is comparable to that of
55-85% in humans [4, 5]. The long-term outcome of
chimpanzees infected with HCV is not known, nor have
there been any attempts to treat them with either inter-
feron (IFN) alone or IFN in combination with ribavirin.

Two chimps with acute prolonged HCV infection re-
ceived antiviral treatment. They were chimps No. 210
(male, 14 years old and weighing 62.8 kg) and No. 224
(male, 14 years old and weighing 59.1 kg). Both of them
were kept in individual cages and received humane care,
in accordance with all relevant requirements for the use
of primates in an approved facility. Chimp No. 210 par-
ticipated in the experimental transmission study for de-
termining the minimum infectious dose of HCV [6]. He
received 1 ml of fresh-frozen plasma from a donor in the
window period of HCV infection with mixed genotypes
(1b plus 2a) containing 7.0 X 10° copies/ml of HCV RNA.
Chimp No. 224 was inoculated with 1 ml of fresh-frozen
plasma from another donor in the window period of
HCYV infection with genotype 1b containing 8.4 x 10°
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