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the APC model, and proposed the relation to cigarette
smoking. Likewise, Ito etal.* applied the model to
incidence rates and mortality of some cancers in Osaka,
Japan, and discussed the factor characteristics of each
cancer. Lee et al.”> analyzed mortality data of hepatocel-
lular carcinoma (HCC) in Taiwan using the APC model.

From the etiological point of view, however, persis-
tent infections with hepatitis B virus (HBV) or hepatitis
C virus (HCV) are the primary cause of HCC in Japan.®’
HCC is principally caused by persistent infections with
HBV and HCV that were responsible for 16% and 80%
of the cases in 1995,° 13% and 81% in 2000,® and 15%
and 68% in 2005 of the cases, respectively.

Because HCC accounts for the great majority (94%) of
liver cancer in Japan,’ they were deemed equivalent and
will be collectively referred to as HCC in this study.

Since HCV was cloned in 1989, anti-HCV screening
was introduced to blood donors for the first time in the
world in Japan.'' The opportunity to undergo HCV
testing has increased swiftly in hospitals and clinics, as
well as in health check-ups. We analyzed the utility of
the APC model, as well as the limitation, in simulating
yearly deaths due to HCC in Japan. We went on to assess
how countermeasures against hepatitis and HCC imple-
mented since 1990, such as hepatitis virus screening and
antiviral treatments, influenced the HCC mortality pre-
dicted by the APC model.

METHODS

Data sources

EX- AND AGE-SPECIFIC mortality data of HCC were

obtained from Vital Statistics of Japan' for 15 time
points in 5-year increments from 1940 through 2010
(e.g. 1940, 1945, 1950). During the study period, the
International Classification of Diseases (ICD) changed
six times, and therefore we needed to employ the time-
dependent codes listed in Table 1. Vital Statistics of

Table 1 Target cause of death due to liver cancer

Year ICD Code
1940, 1945 1ICD4 46 (—4)
1950, 1955 ICD6 155, 156
1960, 1965 ICD7 155, 156
1970, 1975 ICD8 155, 197.8
1980, 1985, 1990 ICD9 155

1995, 2000, 2005, 2010 ICD10 C22

ICD, International Classification of Diseases.
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Japan in 1944 and 1945 are not published, so we used
Vital Statistics of Japan in 1943 to represent number of
deaths and population in 1945. No ethical problem
occurred in this study, because only census data were
used as the data source.

Data analysis
All mortality data were tabulated into 13 5-year age
groups (from 20-24 to 80-84 years) in each of 15 5-year
time periods (from 1940 to 2010).

First, we estimated the sex-specific effects of age factor,
time period factor and birth cohort factor on HCC mor-
tality using the APC model:

Yi ~ POiSSOn(u,‘]‘), log(,ul]) = log(l),]) +/l+ A,‘ +: P] =+ Ck.,

where 1, A;, P; and C; denote intercept, factor of i-th age

group (i=1, 2,..., 13), factor of j-th time period
(j=1,2,...,15) and factor of k-th birth cohort (k=1,
2, ..., 27), respectively. p; y; and P; denote expected

number of deaths, real number of deaths and popula-
tion in i-th age group, and j-th time period, respec-
tively. The APC model has methodical drawbacks, such
as the “identification problem” (see Appendix I for
details). We assumed that two effects of the birth
cohort factor, Cy (1896-1900) and Ci, (1901-1905),
would be the same with respect to the influence of this
problem by Barrett’s technique.'? We set the baseline of
each factor as 20-24 years old (age factor), year 1940
for time period (period factor) and 1896-1900 and
1901-1905 for birth year cohorts (birth cohort factor),
respectively, in the calculation of 95% confidence
interval (95% CI).

We estimated effects and their 95% CI of age factor,
period factor and birth cohort factor by the maximum
likelihood method, and estimated the mortality by the
APC model using estimated effects for evaluating the
validity of the model. The expanded determination
coefficient R%*cor"® was used for comparison between
observed and estimated mortality rates (see Appendix II
for details).

Second, we estimated the effects of age, period and
birth cohort factors by using data confined to 1940-
1990 in the same manner, and estimated number of
deaths due to HCC in 1995, 2000, 2005 and 2010 on
the basis of these effects. We assumed that effects
of the period factor after 1990 and those of the
birth cohort factor after 1970 would have remained
unchanged.

Statistical analyses were performed using JMP ver. 9
(SAS Institute, Cary, NC, USA).
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RESULTS

Performance of APC model in simulating
mortality due to HCC

HE 3-D PLOTS of sex- and age-specific mortality

rates from 1940 through 2010 are depicted in
Figure 1, for comparison of the observed mortality
against that estimated by APC model in males (a vs b)
and females (c vs d). Observed mortality rates are closely
reproduced by predicted mortality rates in both sexes
with very high expanded determination coefficients
(RZCOR > 099)

Risk of HCC deaths in relation to age, time
period and birth cohort

The effects of age factor, time period factor and birth
cohort factor on the APC model are displayed graphi-
cally in Figure 2. Age effect was based on the 20-24 year
old group with 95% CI values. There was a trend for
higher risk for HCC mortality with increasing ages. The
effect of the period factor did not change enormously.
With respect to 95% CI values based on the year 1940,
there was no difference in the age-specific risk for HCC
mortality. In late years, however, the risk of HCC deaths
decreased gradually in males.

(a) Males, observed

Figure 1 Trend in observed and esti-
mated age-specific mortalities of hepa-
tocellular carcinoma (HCC) in males
and females. Observed and estimated
(by the age-period-cohort [APC]
model) mortalities (per 100 000
people) due to HCC during 1940
through 2010 are shown in the 3-D
plot. (a) Observed mortality in males,
(b) mortality estimated by the APC
model in males, (c) observed mortality
in females, (d) mortality estimated by
the APC model in females.

HCC death simulation in Japan by APC model 3

The birth cohort effect is exhibited based on 95% CI
of the 1896-1905 birth year group. In males, it was high
in birth cohorts born during 1916-1940, and culmi-
nated in the 1931-1935 birth year cohort. In females,
the risk of HCC mortality was the highest in 1881-1935
birth year cohorts.

Discrepancy between HCC deaths predicted
by APC from those observed since 1990

Numbers of HCC deaths were estimated by the APC
model based on 1940-1990 data, and they are com-
pared against observed numbers in Figure 3. In males,
predicted numbers of deaths became higher than
observed numbers since 2000. [Correction added on 11
October 2013, after first online publication: ‘In males,
predicted numbers of deaths became lower than
observed numbers since 2000" has been corrected to
‘... higher than observed’.] Predicted HCC deaths in
2010 are 26 883.4, which correspond to 138.3% of the
19 444 observed. [Correction added on 11 October
2013, after first online publication: ‘Predicted HCC
deaths in 2010 are 26 883.4, which correspond to
72.3% of the 19 444 observed’ has been corrected to
‘... correspond to 138.3% of the 19 444 observed'.] In
females, by remarkable contrast, predicted numbers of

(b) Males, estimated by APC
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Figure 2 Effects of age, period and
birth cohort factors on hepatocellular
carcinoma (HCC) mortality in males
and females predicted by the age-
period-cohort (APC) model. The rela-
tive risk of age factor, period factor and
birth cohort factor were estimated by
the APC model in (a) males and (b)
females. The baselines of age, period
and cohort effects were 20-24 years
old, the year 1940, and 1896-1900 as
well as 1901-1905 birth year cohorts,
respectively.

Figure 3 Comparison between obser-
ved and predicted numbers of deaths.
Number of deaths during 1991 through
2010 were estimated based on mortal-
ity during 1940-1990 by the age-
period-cohort (APC) model in (a)
males and (b) females. O, predicted;
@, observed.
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death were a little lower than those observed. [Correc-
tion added on 11 October 2013, after first online pub-
lication: ‘In females, by remarkable contrast, predicted
numbers of death were a little higher than those
observed’ has been corrected to '...lower than
observed’.] Thus, predicted HCC deaths in 2010 are
7093.1, corresponding to 84.7% of the 8374 observed.
[Correction added on 11 October 2013, after first online
publication: ‘Thus, predicted HCC deaths in 2010 are
7093.1, corresponding to 118.1% of the 8374 observed’
has been corrected to *. . . corresponding to 84.7% of the
8374 observed'.]

Predicted and observed numbers of sex- and age-
specific HCC deaths in 2010, as well as differences
between them, are given in Table 2. In males, observed
HCC deaths were lower than those predicted through all
age groups; observed HCC deaths accounted for 55.6-
90.9% of those predicted. Likewise, in females aged 64
years or less, observed HCC deaths were lower than
those predicted, and accounted for 21.1-99.4%. In
females aged 65 years or more, on the contrary,
observed HCC deaths were higher than those predicted,
and corresponded to 115.1-132.7%.

DISCUSSION

E ANALYZED HCC mortality data by the APC

model. Based on HCC deaths registered during
1940 through 2010 in Japan,' approximately 30 000
people died of HCC annually. According to hepatitis
virus carrier rates among the first-time blood donors,**
the peak frequency of hepatitis B surface antigen
(HBsAg) was demonstrated by the 1941-1945 birth
cohort, and the peak frequency of antibody to HCV by
the 1931-1935 birth cohort. Hence, 1931-1935 birth
years have the highest birth cohort effect in males with
the APC model.

The national project for preventing mother-to-baby
transmission of HBV was implemented in 1986 in
Japan. As a result, the HBsAg positive rate among birth
cohorts born after 1986 is extremely low at 0.04%."* In
this study, birth cohorts born after 1986 were not
subject to analysis and, therefore, we cannot evaluate
the effect of the national immunoprophylaxis project
by the APC model. However, we can reasonably expect
that the birth cohort effect by the project will manifest
itself in future analysis.

We applied the APC model to HCC mortality rate,
and it reproduced the observed rate faithfully.
However, in males, the observed mortality in 2010 is

HCC death simulation in Japan by APC model 5

Table 2 Comparison between predicted and observed number
of deaths due to hepatocellular carcinoma in 2010

Sex and age No. of deaths
Predicted Observed Ratiot

Male
20-24 3.6 2 55.6%
25-29 7.5 5 66.7%
30-34 22.0 20 90.9%
35-39 64.5 40 62.0%
40-44 128.3 100 77.9%
45-49 261.4 229 87.6%
50-54 705.6 549 77.8%
55-59 1984.4 1258 63.4%
60-64 4127.8 2462 59.6%
65-69 4 266.0 2993 70.2%
70-74 4762.5 3 665 77.0%
75-79 6 677.7 4752 71.2%
80-84 3872.0 3 369 87.0%
Total 26 883.4 19 444 72.3%

Female
20-24 2.9 1 34.5%
25-29 6.0 4 66.7%
30-34 17.8 6 33.7%
35-39 404 15 37.1%
40-44 71.1 15 21.1%
45-49 81.1 41 50.6%
50-54 153.8 80 52.0%
55-59 297.7 220 73.9%
60-64 599.3 596 99.4%
65-69 843.9 971 115.1%
70-74 13123 1606 122.4%
75-79 1873.5 2439 130.2%
80-84 17934 2380 132.7%
Total 7093.1 8374 118.1%

tRatio = observed/predicted.

lower than the predicted mortality in 2010, which
were calculated using data until 1990. This discrepancy
would be a reflection of the introduction of new anti-
viral treatments and progress in surgical techniques
since the 1990s, as well as the promotion of hepatitis
virus screening and construction of clinical network
between hospitals and clinics in each prefecture. On
the contrary, in females, the observed number of HCC
deaths in 2010 was a little higher than the predicted.
The observed mortality of HCC would have increased
because the female life expectancy was prolonged, and
decompensated cirrhosis did not become the cause of
death with progress of the treatment. In addition, it
would reflect a lower response to interferon therapies
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in women than men aged more than 50 years.'® Fur-
thermore, women may have fewer chances for receiving
antiviral therapies than men. Also, we have demon-
strated that the cumulative incidence of HCC increased
with age of over 60 years in women, which is 10 years
later than in men by the Markov model.”” Another pos-
sibility is that effects of some factors, such as obesity,
might have impacted especially women aged 65 years
or more; they cannot be predicted by data before 1990
in Japan.

Comparison of HCC deaths predicted by the APC
model with those observed demonstrates, for the first
time, the impact of medical treatments for hepatitis and
HCC in Japan and medical as well as control policies
implemented by the Japanese government, including
screening for HBV and HCV infections.*” At the same
time, the APC model is found to be limited in the
application to predict HCC mortality in Japan since
2000.

The APC model examines mortality by three factors,
and there are identification problems, such as “birth
cohort = period - age”. Thus, some methods have been
invented to improve the application of the APC model
to mortality data; effects of these methods are not in
agreement, however. We employed the special struc-
ture in the birth cohort factor (Barrett's technique)."”
We accomplished a unique solution for each effect,
but it may or may not be valid under another
assumption.

Several limitations exist in this study. First, six time
changes in the ICD codes might have influenced some
effects, especially the period effect in the APC model.
Second, we could not adjust confounding factors in
applying the APC model, such as carrier rates of HBV
and HCV infections; complete data on them are not
available all through the studied period 1940-2010.
Third, during this period, the difference of diagnostic
ability might have influenced the analytic results
obtained by the APC model. Finally, we must evaluate
and discuss the results, keeping in mind the assumption
of the birth cohort effect.

In conclusion, while the APC model is useful for
reproducing observed HCC deaths, it would not be able
to predict the mortality or incidence of the disease that
can be influenced by medical intervention and prophy-
lactic policies. In these regards, the present study does
not only verify a high performance of the APC model in
estimating HCC mortality, but also demonstrates the
limitation of it in the application to disease that can be
prevented by treatment or screening that keeps improv-
ing with time.

© 2013 The Japan Society of Hepatology
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APPENDIX |
Identification problem

HE AGE-PERIOD-COHORT (APC) model is con-

structed by three parts: (i) age factor; (ii) period
factor; and (iii) birth cohort factor. However, three
factors are not independent (birth cohort= period —
age), so it has an “identification problem” in the meth-
odology. For instance, let u, A;, P; and C, be one solution
of the APC model, then

HCC death simulation in Japan by APC model 7

pr=p, At = A—tQi—-1+1)/2, P*=P—t(2j—J +1)/2,
Ck*-—-Ck—t(2k—K+1)/2

is also the solution of the APC model for any number t.
Thus, we cannot get a proper solution without some
conditions.

There are several methods which overcome the
identification problem. For example, Nakamura’® pro-
posed a Bayesian APC model, which assumes that the
successive parameters should change gradually. Mean-
while, effects in each factor can have mathematically
separate linear trend and curvature components. Based
on this, Tango’ suggested estimating only the calculable
part that they designated “curvature components”. On
the other hand, Ohtaki et al.*® or Kamo et al.?* suggested
an interaction model, which contains the age factor,
period factor and interaction of the age and period
factor, instead of the birth cohort factor.

APPENDIX 11
Criteria of goodness of fit

SUALLY, DETERMINATION COEFFICIENT R? is

used for simple and multivariate regression analy-
sis because of assumption of variance. We used modi-
fied determination coefficient as below:*?

—\ /A 1)\ 2
e - (Z-0H-7)
— A T\2
> =) (75— 7)
as criteria of goodness of fit, where r; means mortality,
symbol “hat” means estimator and symbol “bar” means

average. R’cor has a similar character with R? such as
0<R%cor<1.
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Estimating numbers of persons with persistent hepatitis B
virus infection transmitted vertically and horizontally in
the birth cohort during 1950-1985 in Japan
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Aim: We estimated numbers of persons, born between 1950
and 1985 in Japan, who were persistently infected with hepa-
titis B virus (HBV) through vertical and horizontal infections.

Methods: HBV carrier rates with vertical and horizontal
infections were computed using sex- and age-specific
prevalence rates of hepatitis B surface antigen (HBsAg) and
hepatitis B e-antigen (HBeAg) by mathematical model. Prob-
abilities of vertical HBV transmission in babies born to carrier
mothers with and without HBeAg were presumed to be 90%
and 10%, respectively.

Results: HBV carrier rates with vertical infection stayed con-
trast at approximately 0.3% in birth cohorts through 36 years
(1950-1985), both in men and women. By a remarkable con-
stant, HBV carrier rates with horizontal infection decreased
steadily from 1.43% to 0.10% in men and from 0.95% to 0.03%
in women. The estimated total number of HBV carriers born
between 1950 and 1985 was 522 500 (355 488-693 606). Of

them, the numbers of HBV carriers with vertical and horizon-
tal infections were 197 574 (149 505-288 709) and 324 926
(205 983-404 896); they accounted for 37.81% and 62.19%,
respectively, with a ratio of 1:1.64. The ratio between vertical
and horizontal infections was 1:2.20 in men and 1:1.06 in
women.

Conclusion: Vertical HBV infection had stayed constant until
immunoprophylaxis of mother-to-baby transmission was
implemented in 1986 in Japan. In contrast, horizontal HBV
infection decreased over years. The decrease would be due to
many factors, including improved socioeconomic environ-
ments, advanced medical maneuvers and equipment, and
careful vaccination procedures.

Key words: hepatitis B e-antigen, hepatitis B virus carrier,
horizontal infection, newborns, vertical infection

INTRODUCTION

HERE ARE AN estimated 350 million people
infected persistently with hepatitis B virus (HBV) in
the world." Of them, the majority (75%) are living in
Asia, and approximately 25% die of serious long-term
complications of HBV infections, such as decompen-
sated cirrhosis and hepatocellular carcinoma (HCC).?
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Persistent HBV infection is mainly established by verti-
cal transmission from carrier mothers or horizontal
transmission during their infancy. It is clinically and
epidemiologically relevant to examine numbers of HBV
carriers with vertical and horizontal transmissions, and
the ratio between them, because different strategies are
required to prevent each of them.

Hepatitis B e-antigen (HBeAg) in the serum of carrier
mothers is a useful marker for a high possibility of
vertical transmission. Persistent HBV infection is estab-
lished in 90% of babies born to carrier mothers with
HBeAg,* ¢ while only in 10% of babies born to those
without HBeAg.” Thus, it is possible to estimate the
number of vertical HBV infection in babies born to a
given cohort of mothers in whom prevalence rates of
hepatitis B surface antigen (HBsAg) and HBeAg are
known.

=212 =
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Vertical HBV transmission can be prevented by
passive and active immunoprophylaxis of babies born
to carrier mothers with hepatitis B immunoglobulin and
vaccine. Since 1986, the national immunoprophylaxis
program was implemented in babies born to HBeAg
positive carrier mothers in Japan. It is efficient in pre-
venting mother-to-baby transmission, except in babies
who have been infected with HBV in utero.®

In this study, numbers of vertical and horizontal HBV
infection were estimated for men and women who were
born during the 36 years between 1950 and 1985,
before immunoprophylaxis was started in Japan.

METHODS

Study cohorts

ROM THE VITAL Statistics of Japan,® the following

data were obtained for the Japanese born during
1950-1985: (i) the number of births by sex; (ii) the
number of deliveries by mothers in 5-year age groups;
(iii) sex ratio of newborns; and (iv) the mortality rate.
From the census in Japan, the number of subpopulation
stratified by sex and age at 2005 was obtained.'

HBV markers in study cohorts

Hepatitis B surface antigen positive rates stratified by sex
and birth year were obtained for the first-time blood
donors during 1995-2000 in Japan,'! and from the fact
sheet on HBV by the National Institute of Infectious
Diseases.” HBeAg positive rates among HBsAg positive
women grouped by 10 years were reported by Sasaki
et al.’? The study design conformed to the 1975 Decla-
ration of Helsinki.

Assumptions

We assumed that age-specific HBV carrier rates in
mothers who were born before 1930 to be the same as
those in the birth group from 1931 to 1935, which is the
oldest birth group among studied subjects.’' The possi-
bility of HBV transmission to her baby was assumed to
be 90% for a carrier mother with HBeAg, and 10% for a
carrier mother without HBeAg.”

Estimation

Estimation of the numbers of HBV carriers with
vertical infection in birth groups notched by 1 year
from 1950 to 1985

1 The number of babies born to HBV carrier mothers in
1-year notched birth year j (j=1950, 51, 52,...,

© 2013 The Japan Society of Hepatology
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85:36 points) was estimated by the equation: X
(Nj * S;): numbers of births to mothers in the age
group “i”, Nj (i=1 for 15-19 years old [y.0.], i=2
for 20-24 y.o., ..., i=7 for 45-49 y.o.) (Fig. 1) and
HBV carrier rate in the corresponding age group of
mothers, S; (i=1 for birth in [j - 19] - [j - 15], i=2
for birth in [j—24]-[j—20],..., i=7 for birth in
[j - 49] - [} - 45]).

2 The numbers of babies whose mothers were positive
and negative for HBeAg were estimated using a group-
specific HBeAg positive rate E; (Fig. 1), and HBeAg
negative rate, 1—E;, by the respective equations:
Z;Nji * Sji * Ei and ZiNji * S;; * (1 - Ei)‘

3 The number of HBV carrier babies with vertical
infection (CV;) was estimated by the formula:
CVj =0.1*% Z;Nﬁ * Sji * (l - E,) +09* ZiN;i * S;i *Ei.

4 Using the sex ratio (G;), the numbers of HBV
carriers with vertical infection (CV") for men and
(CVR) for women were calculated in birth groups
notched by 1 year, by the respective equations:
CVM; =G / (1 + G,) * QV; and CVFj =1 / (1 + GJ) *
CV;.

5 Finally, rates of HBV carriers with vertical infection
in men (BS*V;) and women (BS'V;), respectively, to
total number of birth in men (N*) and women (NF)
were estimated in birth groups notched by 1 year
by respective equations: (BS™V;)=CV" /N™ and
(BS'V;) = CV% / N with 95% confidence interval
(cn.
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Figure 1 Number of births from mothers in 5-year age groups
shifting during 1950-1985. Each component in bar graphs
indicates number of live births stratified by the age of mother
(15-19, 20-24, . .., 45-49 years old). Age-specific hepatitis B
e-antigen positive rates among hepatitis B virus carrier women
are shown on the right.



Hepatology Research 2014

Estimation of the number of HBV carriers with
horizontal infection in birth groups notched by
1 year from 1950 to 1985

At first, number of HBV carriers was calculated by mul-
tiplying the number of births (N and N%) by the HBV
carrier rate in men and women in 1-year notched birth
yearj (33 points; 1950-1982), which were calculated by
the 5-year moving average method, and that in birth
year j (3 points; 1983-1985) was assumed as the same
as that in the birth year cohort of 1982. The number of
HBYV carriers with horizontal infection (CHY; and CHY)
was calculated by subtracting the estimated number of
HBYV carriers with vertical infection (CV"; and CV%) from
the estimated total number of HBV carriers.

Estimation of the number of HBV carriers taking
into account the mortality rate at 2005

Multiplying the numbers of HBV carriers in 1-year
notched birth groups by the corresponding sex- and
age-specific survival rates at 2005, the numbers of HBV
carriers presumed to be alive at 2005 were obtained.
They were summed to estimate the total numbers of
HBYV carriers.

Statistical analysis

We constructed 95% CI for the rate of HBV carriers with
vertical infection using 95% CI for production of two
positive rates {see Appendix for details). The y>-test was
used for comparison of HBV carrier rates with vertical

Vertical and horizontal HBV infections in Japan 3

and horizontal infections. A P-value less than 0.05 was
considered to indicate statistical significance.

RESULTS

HBYV carrier rates and proportions of
vertical and horizontal transmissions
during 1950-1985

IGURE 2 ILLUSTRATES HBV carrier rates in men and

women born between 1950 and 1985 in Japan. HBV
carrier rates decreased gradually both in men and
women during these years, from 1.75% to 0.30% and
from 1.27% to 0.23%, respectively.

Contribution of vertical or horizontal infection to
carrier rates was estimated by a mathematical model
described in Methods. The rate of HBV carriers with
vertical infection stayed constant at approximately
0.3% in birth cohorts between 1950 and 1980, and
decreased to 0.20% in the birth cohort of 1985. By a
remarkable contrast, the rate of HBV carriers with hori-
zontal infection decreased gradually between 1950 and
1985 both in men and women, from 1.43% to 0.10%
and from 0.95% to 0.03%, respectively. The extent of
decrease, in the rate of HBV carriers with horizontal
infection, was higher for men than women (1.33% vs
0.92%, P < 0.001). The difference in HBV carrier rate
with horizontal infection between men and women
was statistically significant in groups born before 1972
(P <0.05).

(b) Women

1950 1955 1960 1965 1970 1975 1980
Year of birth

1985 1950

1955 1960 1965 1970 1975 1980 1985
Year of birth

Figure 2 Hepatitis B virus (HBV) carrier rates and proportions of vertical and horizontal transmissions in yearly birth groups
during 1950-1985. HBV carrier rates of vertical and horizontal transmissions are shown. Bars indicate the 95% confidence interval
of vertical transmission rate. (a) Men, (b) women. M, horizontal transmission; [, vertical transmission.
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Estimation of the numbers of HBV carriers
with vertical and horizontal infections in
birth groups notched by 1 year between
1950 and 1985

Estimated numbers of HBV carriers with vertical and
horizontal transmissions in 1-year notched birth

Hepatology Research 2014

cohorts during the 36 years between 1950 and 1985 are
illustrated in Figure 3, both for men and women. The
results are summarized in Table 1.

The estimated total number of HBV carriers born
between 1950 and 1985 was 522 500. Of them, the
estimated number of HBV carriers with vertical infection
was 197 574, and those with horizontal infection was

(a) Men (b) Women
25,000 25,000
] L
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B r
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£ 10,000 ~ 10,000
3 r
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0~ T T | \ I T 0
1950 1955 1960 1965 1970 1975 1980 19851950 1955 1960 1965 1970 1975 1980 1985
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. 1:3.93 L 1:2.32 1:109 \‘1 :0.37\ P 1:2.17 L 1:0.83 L 1:0.56 \‘1 0.06\
< 1:2.20 > < 1:1.06 >
(c) Men in 2005 (d) Women in 2005
o 25,000 25,000
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< 1:217 > < 1:1.05 >

Figure 3 Estimated numbers of hepatitis B virus (HBV) carriers with vertical or horizontal transmission who were born during the
36 years between 1950 and 1985 and alive in 2005 in yearly birth groups. The ratio of the number of HBV carriers between vertical
and horizontal transmissions are shown below for indicated time periods. (a) Men, (b) women, (c) men in 2005, (d) women in
2005. B, horizontal transmission; [El, vertical transmission.
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Table 1 Estimated numbers of hepatitis B virus carriers with vertical or horizontal transmission who were born during the 36 years
between 1950 and 1985 and alive in 2005

Estimated number of HBV carriers (95% confidence interval)

With vertical transmission

With horizontal transmission

197 574 (149 505-288 709)
101 673 (76 948-148 542)

324926 (205 983-404 896)
223273 (158 817-266 047)

Total
Whole
Total 522 500 (355 488-693 606)
Men 324 945 (235 765-414 592)
Women 197 555 (119 723-279 014)
In 2005
Total 486 038 (329 981-646 011)
Men 297 031 (215 484-379 016)
Women 189 007 (114 497-266 995)

95901 (72 557-140 167)

185 871 (140 826-271 096)
93 773 (71 094-136 631)
92 098 (69 732-134 465)

101 654 (47 166-138 847)

300 168 (189 155-374 914)
203 258 (144 390-242 385)
96 909 (44 765-132 529)

324 926; they accounted for 37.81% and 62.19% of
total carriers, respectively, with a ratio of 1:1.64. Of
324 945 HBV carrier men, 101 673 had vertical infec-
tion and 223 273 had horizontal infection, accounting
for 31.29% and 68.71%, respectively, with a ratio of
1:2.20.

Likewise, of 197 555 HBV carrier women, 95 901 had
vertical infection and 101 654 had horizontal infection;
they accounted for 48.54% and 51.46%, respectively,
with a ratio of 1:1.06.

Moreover, the ratio between the number of HBV car-
riers with vertical infection and those with horizontal
infection increased remarkably in men from 1:3.93 in
the birth cohort during 1950-1959 to 1:2.32 during
1960-1969 and to 1:1.09 during 1970-1979, and
reached the highest at 1:0.37 during 1980-1985. Simi-
larly, in women, the ratio between the number of
HBV carriers with vertical infection and those with
horizontal infection increased steadily with 1:2.17,
1:0.83, 1:0.56 and 1:0.06 in birth cohorts during 1950-
1959, 1960-1969, 1970-1979 and 1980-1985, respec-
tively. However, during 1950-1985, while the number
of HBV carriers with vertical infection decreased slightly,
the number of HBV carriers with horizontal infection
declined remarkably, both for men and women.

In women, the number of horizontal transmissions
increased slightly during 1963-1973. This was,
however, not the case for men in whom horizontal
transmission decreased steadily through the study
period (1950-1985).

Estimation of the number of HBV carriers
taking into account the mortality rate
at 2005

The number of live HBV carriers of a given birth year was
calculated, taking into account the corresponding mor-

tality rate at 2005 for the birth groups of 1950-1985
(Fig. 3). The estimated number of HBV carriers born
between 1950 and 1985 and alive in 2005 is 486 033,
corresponding to 93.02% of the 522 500 carriers who
were born during the 36 years. Of them, the estimated
number of HBV carriers with vertical infection is
185 871 (38.24%) and those with horizontal infection
is 300 168 (61.76%), with aratio of 1:1.61 (Table 1). Of
297 031 HBV carrier men, 93 773 (31.57%) had vertical
transmission, and 203 258 (68.43%) had horizontal
infection, with a ratio of 1:2.17. Likewise, of 189 007
HBYV carrier women, 92 098 (48.73%) had vertical infec-
tion, and 96 909 (51.27%) had horizontal infection,
with a ratio of 1:1.05.

In addition, the ratio between the number of HBV
carriers alive in 2005 with vertical infection and those
with horizontal infection in men also increased consid-
erably from 1:3.92 in the birth cohort during 1950-1959
to 1:2.32 in 1960-1969, then to 1:1.09 in 1970-1979
and peaked at 1:0.37 in 1980-1985. Likewise for
women, in birth cohorts during 1950-1959, 1960~
1969, 1970-1979 and 1980-1985, the ratio between the
number of HBV carriers alive in 2005 with vertical infec-
tion and those with horizontal infection was 1:2.16,
1:0.83, 1:0.56 and 1:0.06, respectively, showing an
increasing trend between 1950 and 1985. As a whole,
through the 36-year period, the number of HBV carriers
alive in 2005 with horizontal infection decreased to an
extent higher than those with vertical infection.

Thus, 93.02% of HBV carriers born during 1950~
1985 would be alive in 2005. In the total of 486 038
carriers living in 2005, there were 297 031 (61.11%)
men and 189 007 (38.89%) women with a ratio of
1.57:1 (Table 1). Overall, horizontal transmission was
approximately sesquialteral as frequent as vertical trans-
mission among HBV carriers. Proportion of horizontal
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transmission was higher in men than women who
carried HBV (68.43% vs 51.27% [1.33:1], P < 0.001).

DISCUSSION

ERSISTENT HBV INFECTION in a given community

had been maintained by two principal routes. One
of them is the vertical infection from mothers who carry
HBV to their babies, and the other is the horizontal
infection, typically during an early childhood.*"'* The
contribution of vertical or horizontal transmission to
establish HBV carrier state is subject to host and viral
factors, and varies among different countries. In Asian
countries where HBV is endemic, with the prevalence of
HBsAg of 8% or higher, ¢ the vertical infection had been
the main route of transmission for establishing HBV
carrier state.

In 1980, plasma-derived hepatitis B (FB) vaccine was
produced and introduced to babies born to mothers
infected with HBV. As the HB vaccine was very efficient
in preventing vertical infection,’” the World Health
Organization recommended universal vaccination of all
babies, regardless of the mother’s infection with HBV.
By the end of 2011, the HB vaccine was introduced to
179 (93%) of the 193 member states; 93 (52%) recom-
mended the first dose within 24 h of birth to prevent
vertical transmission of HBV.'® Hence, the contribution
of vertical transmission to establish persistent HBV
infection, in comparison with that of horizontal trans-
mission, has to be examined in persons born before the
implementation of HB vaccine to prophylaxis of vertical
transmission.

Japan is a country of low endemicity for HBV, with the
prevalence of HBsAg of less than 2% at the same level as
those in Australia and New Zealand, although they
belong to Asia.'® Because the vertical infection was
regarded as the principal route for establishing persis-
tent HBV carrier state, a national program for passive
and active immunoprophylaxis of babies born to carrier
mothers was launched in 1986.% Initially, only the
babies born to carrier mothers with HBeAg were indi-
cated to immunoprophylaxis, in view of a high efficacy
(~90%) of transmitting persistent HBV infection to their
babies.*”" Since 1995, the indication was expanded to
include babies born to carrier mothers without HBeAg.

In this study, we estimated the contribution of vertical
and horizontal transmissions to the HBV carrier state
in Japan. To avoid the effect of immunoprophylaxis,
persons born during the 36 years between 1950 and
1985, before the start of immunoprophylaxis in 1986,
were examined. A mathematical model was devised to
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estimate the number of HBV carriers with vertical infec-
tion. It involved HBsAg positive rates stratified by sex
and birth year examined in the first-time blood donors
during 1995-2000 in Japan,'' and retrieved from the
fact sheet on HBV by the National Institute of Infectious
Diseases.” HBeAg positive rates among HBsAg positive
women in 10-year age groups were reported by Sasaki
et al.** The efficacy of vertical infection was assumed to
be 90% for carrier mothers with HBeAg and 10% for
those without HBeAg.” Then, the number of HBV carri-
ers with horizontal infection was obtained by subtract-
ing the number of HBV carriers with vertical infection
from the total number of HBV carriers.

There were remarkable differences between the con-
tribution of vertical and horizontal infections to the
HBV carrier rate in birth cohorts during 1950-1985
(Fig. 2). The rate of HBV carriers with vertical infection
stayed constant at 0.3% through the 36 years. By con-
trast, the rate of carriers with horizontal infection kept
decreasing through these years, from 1.43% to 0.10% in
men, and from 0.95% to 0.03% in women.

Numbers of HBV carriers with vertical and horizontal
infections were obtained for persons born during 1950~
1985 (Table 1). However, they would not represent
numbers of HBV carriers in recent years, because some
of them would have been deceased. Hence, numbers of
HBV carriers with vertical and horizontal infections were
obtained for persons who would be alive in 2005, the
year when sex- and age-specific prevalence rates of
HBsAg were determined in the first-time blood donors.?

The estimated number of HBV carriers who were born
between 1950 and 1985 and alive in 2005 is 486 038,
corresponding to 93.02% of the 522 500 carriers who
were born during the 36 years. Of them, the estimated
number of HBV carriers with vertical infection is
185 871 and those with horizontal infection is 300 168,
accounting for 38.24% and 61.76%, respectively, with a
ratio of 1:1.61. Proportion of horizontal infection was
greater for men than women who carried HBV (68.43%
vs 51.27%, P < 0.001). The higher proportion of hori-
zontal infection in men than women would be due to
increased chances of body contacts during physical
activities in boys than gitls, resulting in the break of skin
and contamination with HBsAg positive blood. In addi-
tion, immune responses to protect from persistent HBV
infection might have been lower in boys than girls.

It is of a particular note that the HBV carrier rate had
already decreased during 1950-1985 in Japan, before
the immunoprophylaxis program was started in 1986.
The decrease was due to reduction of horizontal HBV
infection (Fig. 2). The diminution of horizontal HBV
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infection would be due to many factors, including
improved socioeconomic environments, improved
awareness of risks for infection, such as sharing a tooth-
brush and shaver, and advanced medical maneuvers and
equipment, as well as careful vaccination procedures.
Disposable needles and syringes, introduced in the early
1960s and universally distributed in the late 1970s in
Japan, would have given the highest impact on decreas-
ing horizontal transmission to establish the HBV carrier
state.

It may be worth mentioning that, in women, the
number of horizontal transmission increased slightly
during 1963-1973 (Fig. 3). This was, however, not
the case for men in whom horizontal transmission
decreased steadily through the study period (1950-
1985). It is not certain why horizontal infection of HBV
increased preferentially in women during 1963-1973.
However, vertical infection increased in women also
during this period. Therefore, when the ratio of vertical
to horizontal transmission was compared during four
timespans of approximately 10 years in the entire study
period (Fig. 3), the ratio kept increasing throughout
1950-1985 in women (from 1:2.16 to 1:0.06), as in
men (1:3.92 to 1:0.37).

It has to be pointed out that this study has limitations.
The HBV carrier rate of pregnant mothers may have been
underestimated, because HBsAg positive rates in the
first-time blood donors surveyed during 1995-2000
were used to estimate it."' Hence, the number of HBV
carriers with vertical infection might have been under-
estimated. Moreover, the loss of HBsAg in the natural
course, which is reported in recent years,?* might have
influenced the estimation in this study toward underes-
timation of HBV carriers.”>*® However, such a large-scale
survey in the 1990s with the standardized HBsAg screen-
ing level throughout the entirety of Japan had not
existed except in the first-time blood donors, the data-
base used for this mathematical model. In addition in
the 1990s, the questionnaires to donors before their
donation had not been strict enough to exclude the
high-risk group of HBV and HCV infections than in the
2000s. Therefore, it may be worthwhile to estimate
the proportion of the number of HBV carriers with ver-
tical and horizontal infections in the first-time blood
donors nowadays.

These constraints notwithstanding, contribution of
horizontal infection to establish HBV carrier state, in
comparison with that of vertical infection, decreased
remarkably over years in Japan, even before the
immunoprophylaxis of babies born to HBV carrier
mothers was implemented in 1986. Furthermore, the
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prevalence of HBsAg in children decreased sharply from
0.75% (78/10 437) in the children born during 1978-
1980 to 0.04% (12/32049) in those during 1986~
1990.% It is to be hoped that yearly trends of horizontal
and vertical transmissions to establish HBV carrier states
during the post-World War II era, described herein, may
help in decision-making in Japan, whether to keep
resorting solely to selective vaccination, or step toward
mass vaccination of babies and/or teenagers. Increasing
horizontal transmission for the persistent HBV carrier
state transmitted by sexual contacts, typically with a
foreign subgenotype A2,* must be taken into consid-
erations in making such decisions. For this purpose, it is
imperative to estimate the number of horizontal infec-
tion with genotype A, which is expected to have accu-
mulated rapidly, by extensive epidemiological surveys
in Japan.
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APPENDIX

E CONSTRUCTED 95% confidence intervals

(CI) for the rate of hepatitis B virus (HBV) carriers
with vertical infection using 95% CI for production of
two positive rates. In the Appendix, we show the con-
duction of 95% CI for production of two positive rates.
Let n; and n, be numbers of two independent groups,
x1 and x, be numbers of positive in each group, and
p1=x1/ 1y, p=x,/ n, be positive rates in each group.
Then, the 95% CI of log p: and log p, are asymptoti-
cally normal distributed with asymptotic variance
(1=p1) /mp: and (1 —p2) [ napo. Thus, 95% CI for
product of two positive rates is given by

pip2 exp (£1.965/(1 = p1)/mypy + (1= pa)/naps )
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Background & Aims:The World Health Organisation (WHO) ists, primary care physicians, policy makers, and people with or
Prevention & Control of Viral Hepatitis Infection: Framework at risk of viral hepatitis is essential in shaping future policies.

for Global Action offers a global vision for the prevention and Introduction

control of viral hepatitis. In October 2012, the Coalition to

Eradicate Vil,‘al Hepatitls In Asia PaciﬁF.(C.EVHAP). orga.nised In 2012, the World Health Organisation (WHO) launched the Pre-
the Nort}? Asia Workshop on Viral Hepatitis 1 Taipet o chscu;s vention & Control of Viral Hepatitis Infection: Framework for Global
hoyv e "T‘P‘eme‘“ the WHO Framewark iy} the North Asia Action. This strategy offers a global vision for the prevention and
region, This paper presents outcomes from this workshop, control of viral hepatitis [1]. The Framework was welcomed by

Methods: Twenty-eight representatives from local liver associa-
tions, patient organisations, and centres of excellence in Hong
Kong, Japan, Korea, and Taiwan participated in the workshop.
Findings: Priority areas for action were described along the four
axes of the WHO Framework: (1) awareness, advocacy and
resources; (2) evidence and data; (3) prevention of transmission;
and (4) screening and treatment. Priorities included: axis 1:
greater public and professional awareness, particularly among pri-
mary care physicians and local advocacy networks. Axis 2: better
economic data and identifying barriers to screening and treatment
uptake. Axis 3: monitoring of vaccination outcomes and targeted
harm reduction strategies. Axis 4: strengthening links between
hospitals and primary care providers, and secure funding of
screening and treatment, including for hepatocellular carcinoma.
Conclusions: The WHO Framework provides an opportunity
to develop comprehensive and cohesive policies in North Asia
and the broader region. A partnership between clinical special-

hepatitis experts and advocacy groups who have been struggling
for the attention of policymakers about this ‘silent epidemic’ for
many years [2,3].

Asia is home to 75% of all chronic hepatitis B cases [4] and
China alone has more cases of hepatitis C infection than all of
Europe or the Americas [5]. The majority of people infected with
either hepatitis B virus or hepatitis C virus do not know that they
are infected, and are not aware of the precautions they need to
take to avoid infecting others or to enable them to reduce the
impact of the infection [6]. Uptake of screening, when available,
is low, and treatment rates are 4-10% in Asia compared to rates
of 20% in the United States [7].

Against this background, the Coalition to Eradicate Viral
Hepatitis in Asia Pacific (CEVHAP) was established in 2010 to
contribute towards an Asia Pacific region free from the signifi-
cant health, social and economic burden of viral hepatitis
(www.cevhap.com). CEVHAP is uniquely positioned to support
and facilitate the implementation of the WHO framework in
different countries across the region through its network of
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Table 1. Epidemiology of hepatitis B and hepatitis C in Hong Kong, Japan, Korea, and Taiwan.

Hepatitis B Hepatitis C Hepatocellular carcinoma (HCC)
Country Prevalence Estimated  Age group  Prevalence Dominant  Time trends Incidence % due to % due to Median age
[Ref] of chronic number with highest in general genotype in men; hepatitis B hepatitis C*  of onset
hepatitis B of carriers numberof  population women (rate infection*
infection, (x10°) carriers (%) per 100,000
general persons)
population
(%)
Hong Kong 8.8 0.7 >20 yr 0.30% 1b, 6a Very low 20.9; 8.3 75-80 3-6 [44] 63 for men,
[41] (prevalence prevalence, 71 for
increases most women
with age) common in
IDUs
Japan 0.71 0.9 50-64 yr 0.63% 70% 1b, Risk factors 2.42; 1 15 67.7 66.4 for
[12;20,42] 20% 2a, changing men, 69.9
10% 2b over time for women
and by
region
Korea 2.8 2.25-2.27 30-50 yr 1.29% (in >40 1b, 2a Mostly >40  45; 33.6 20 T2 Incidence
[43] population) age group increases
people. after age 40,
Lack of data peak at 55
on youth,
little data
on role of
injecting
drug use
Taiwan 10-12 2.5-3 35 (or40)- 4.4% 1b, 22 Most 53; 21 53 [30] 28 (8% due 58 average,
[30;44] 55 (or 60) yr  (>20 yr)** disease to B +C) mean age
in older [30] 10 yr lower
groups. for HBV vs.
Significant HCV-caused
geographic HCC*™*
variations
(from 0-90%
depending
on village)
(45)

HCC, hepatocellular carcinoma; IDU, injecting drug users.

*The remainder of cases of HCC is caused by alcohol and other factors such as aflatoxin.

“*This data is from populations participating in screening programmes only.

“**One would expect the relative proportion of HCV-related HCC and the age of onset of HCC to increase in future.

in the area of viral hepatitis and have broadly similar health
infrastructures. These localities are also in a privileged position
compared to other countries in the Asia Pacific region, in that
they have the resources to build on existing successes and lead
the drive for further policy change across the region. Summary
epidemiological data on hepatitis B and hepatitis C in these four
jurisdictions is presented in Table 1.

The aim of the workshop was to ensure that participants
understood the WHO framework; to support participants in
building or strengthening advocacy networks, and to identify
local priorities for implementing the framework within their
respective jurisdictions. )

This paper summarises the outcomes of this workshop and
identifies steps to be taken to translate the WHO Framework into
sustainable national policies on viral hepatitis in North Asia.

Materials and methods

The 28 workshop participants were identified within the existing CEVHAP net-
work of local liver associations, patient organisations, and centres of excellence
in Hong Kong, Japan, Korea, and Taiwan. The agenda for the one and a half day

workshop was developed in close consultation with a small group of CEVHAP
experts. To assist participants in their preparation, a briefing paper describing
the scope of viral hepatitis, focusing on hepatitis C and hepatitis C virus, within
the four jurisdictions was distributed prior to the meeting (CEVHAP, data on file).

The workshop used the four axes of the WHO Prevention & Control of Viral
Hepatitis Infection: Framework for Global Action to guide discussions (Fig. 1)
and consisted of expert presentations, group discussions, and country-level
workshops.

Results

This paper uses the four axes of the WHO framework to describe
the workshop results. The priority areas for action in the four par-
ticipating jurisdictions are presented in Table 2 and are discussed
in more detail in the section below.

Axis 1: Raising awareness, promoting partnerships, and securing
resources

In North Asia, the general public, people at risk of infection,
the medical community and policymakers generally have a
poor understanding of viral hepatitis, its natural history and
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Raising
awareness, Evidence-based
promoting policy and data for
partnerships and action
mobilizing
resources

Prevention of
transmission

Screening, care
and treatment

Fig. 1. The four strategic axes for policy development recommended in the WHO
Prevention & Control of Viral Hepatitis Infection: Framework for Global Action.

manifestations. Awareness among primary care physicians is
particularly low and targeted educational efforts are needed
to encourage these providers to test their patients for viral

JOURNAL OF HEPATOLOGY

hepatitis and refer them towards appropriate care pathways.
Investment in developing better relationships between primary
care and hepatitis specialist services may help engage primary
care physicians.

Local advocacy networks that bridge civil society, liver
specialists, primary care physicians and other community care
providers are still lacking in Taiwan, Hong Kong, and Korea
particularly. This lack of a strong advocacy base makes it more
difficult to engage the media in the first place or to overcome
media fatigue about viral hepatitis. The media plays a vital role
in raising awareness of viral hepatitis, particularly among the
general public and those at risk of infection. The awareness
campaigns run in the United States and Korea provide interest-
ing examples of media engagement on viral hepatitis (Case
studies 1 and 2).

A key to the success of awareness campaigns on viral hep-
atitis is to find the issues that resonate best with media, the
public, and policymakers. The fact that viral hepatitis is one
of the main causes of liver cancer is indeed compelling and
one with potential to grab the attention of these key stake-
holders. For example, a recent study by the International
Agency for Research on Cancer showed that one in six cancers
was caused by infection and concluded that prevention of viral
hepatitis and other infections could have a substantial effect on
reducing the future burden of cancer [8]. These data may be
very powerful in convincing policymakers of the need to mobi-
lise resources towards the prevention and management of viral
hepatitis.

Table 2. Priorities for action in Hong Kong, Japan, Korea, and Taiwan according to the four strategic axes of the WHO Global Frameworl.

Priorities for action

1. Raising awareness, promoting partnerships and mobilizing resources

Greater public awareness
Greater awareness of primary care physicians
Building patient advocacy
Strengthening hospital-primary care networks
2. Evidence-based policy and data for action
Economic data on the burden of viral hepatitis
Better data on barriers to screening and treatment
Centralised surveillance
Accurate estimates of the number of chronic hepatitis cases
3. Prevention of transmission
Better monitoring of vaccine effectiveness

Universal vaccination of children and improved access to vaccination by people at greater risk

Targeted harm reduction strategies
Better data on vaccine failure
4. Screening, care and treatment

Improved availability and funding of screening [public funds and/or employer-based]

Linking screening to effective monitoring and treatment
Funding screening for hepatocellular carcinoma

Improved access to treatment of chronic hepatitis and hepatocellular carcinoma
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[ Case Study 1: How to engage the public on hepatitis:

the ‘KNOw More Hepatitis’ in the United States

In 2011, the United States Centers for Disease Control and
Prevention (CDC) launched an education campaign, ‘KNOw
More Hepatitis' [9]. Insights from focus groups consisting

of people with high prevalence rates of infection (for
example, ‘baby-boomers' for hepatitis C) helped guide the
development of targeted messages for each risk population
[10]. The campaign made creative use of social and other
media:

It used powerful, evidence-based messages to engage
the media. One example was “Hepatitis now kills more
Americans than HIV”, which was the key conclusion

of a recently published article in the Annals of Internal

Medicine [11].

An online hepatitis risk assessment tool was featured
on the CDC website, which allowed individuals to
conduct a quick, confidential assessment of their risk
for hepatitis A, hepatitis B or hepatitis C in the privacy of
their own homes.

The campaign has an active Facebook page, 11,000
followers on Twitter, and public service advertisements
on YouTube. 400 tweets translated into over 3.3 million
media impressions, demonstrating the power of social
media to engage target audiences on viral hepatitis.

Six national airports donated space worth up to $4
million for Dioramas which featured rotating posters on
viral hepatitis (Fig. 2).

Case Study 2: Conveying the ‘right level of fear’? The
Korean experience

1076

In March 2011, the Korean Association for the Study of the
Liver (KASL) launched an awareness campaign on viral
hepatitis. A 30-minute television advertisement showed
patients with end-stage liver disease. The message was:
“if you don't manage your disease, this is what is going to
happen.” The goal was to shock the public into action.

The impact of the advertisement was significant: the day
after it featured, KASL was ranked top of Google searches.
But the increased attention also had unintended adverse
consequences: people infected with viral hepatitis reported
the loss of relationships or employment as a result of

the advertisement. KASL immediately launched a lower-
intensity campaign that focused on the importance of
seeking proper care for chronic hepatitis infection.

The lesson learned by KASL was that it is important to
convey the ‘right’ level of fear about viral hepatitis in order
to raise awareness of the urgency of the situation in terms
of the risks of advanced liver disease. However, too much
fear may create panic and inertia, if the perceived message
is that nothing that can be done to improve the outcomes
of people with the viral hepatitis or that policy makers,
physicians, and the public are powerless to effect change.
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Fig. 2. Example of a diorama on viral hepatitis at a US airport.
Axis 2: Evidence-based policy and data for action

One key condition for successful advocacy and a sustained public
health response is reliable data. With viral hepatitis, the fact that
so many people remain undiagnosed makes it difficult to convey
to policy makers the full scale of the problem [12]. Better surveil-
lance is needed to capture chronic as well as acute cases of viral
hepatitis. More reliable prevalence estimates in high risk popula-
tions, such as people who are poor, those who inject drugs, pris-
oners, and sex workers, are needed as these groups are usually
poorly represented in existing surveillance studies.

Reliable economic data are critical to demonstrate to national
governments the need for them to invest in viral hepatitis pre-
vention and control. Sometimes showing policy makers the cost
of ‘doing nothing' can exemplify the most compelling case for
investment [13].

One area where more research is greatly needed is to find the
barriers to uptake of screening and treatment among individuals
at risk. These data are critical to shift the behaviours of individu-
als towards more active disease management.

Finally, insights from patients, such as those gathered in a sur-
vey of the Japan Hepatitis Council (Case study 3) may help chan-
nel efforts towards areas that will make the greatest difference to
individuals living with viral hepatitis.
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Case Study 3: The combined power of advocacy and
data: The Japan Hepatitis Council

Japan has a powerful patient advocacy base consisting

of over 80 local, regional and national associations

acting under the umbrella of the Japan Hepatitis Council.
Pressure from these groups over the government's failure
to implement blood and mass vaccination safety measures
was instrumental in the creation of the Basic Act of Hepatitis
Measures in 2010. As part of this Act, each prefecture is
required to have a hepatitis patient representative on its
local council.

A recent survey of members of the Japan Hepatitis Council
helped identify some of the main challenges for policy
development in Japan [14]:

= High mortality from hepatocellular carcinoma
(HCC): Japan has one of the highest rates of HCC in
the world and counts 30,000 deaths due to HCC every
year.

. Low uptake of screening: A national screening
programme against hepatitis B and C has existed since
2002, targeting individuals aged 40-70 years. However,
uptake rates remain low (7-27%) and screening is
poorly integrated into general practice [15, 16].

»  Poor linkage to treatment: 48% of those who test
positive for hepatitis B (and 65% of those testing
positive for HCV) fail to seek medical care [12] and
only half of those with hepatitis C who do seek care
complete their course of treatment [14].

. High costs of care: Government funding for antiviral
treatment of hepatitis B and hepatitis C has gradually
increased since 2008, however patients are still left
with a significant co-payment and many patients report
crippling personal economic costs.

«  Stigma and discrimination: Thirty percent of
respondents report having experienced discrimination
due to viral hepatitis, especially in medical institutions.
Several respondents felt that their hepatitis status
hindered their marriage prospects and employment
options. Many admitted that they hid their condition from
others as a resuilt.

Axis 3: Prevention of transmission

Vaccination against hepatitis B has had a marked impact on
reducing the incidence of hepatitis B infection (Case study 4).
However, gaps in the region remain. Japan only offers vaccination
to infants born to hepatitis B-infected mothers, whereas in Tai-
wan this is one group in whom vaccination efforts have been less
successful. In all countries, careful evaluation of the impact of
vaccination and of the benefits of extending vaccination to high
risk groups is needed.

Injecting drug use is now the predominant route of trans-
mission for hepatitis C in north Asia [17] and this is a critical
target group for prevention strategies. Co-infection of hepatitis
B and hepatitis C and/or HIV is a key concern in people who
inject drugs, as it is associated with more rapid progression
to liver disease and death [18,19]. Targeted education and pre-
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vention measures, including vaccination, are needed to control
transmission in other individuals at high risk of infection,
including people who have tattoos and acupuncture, women
of childbearing age, men who have sex with men, and prison-
ers. And continued education about the risks of transmission
through sexual contact and the need for safe sex practices is
needed for the general population.

Re-use of needles and syringes in medical practice is common
practice in Asia and nosocomial spread of hepatitis C has been
observed in outpatient clinics [20] as well as dialysis units
[21-23]. Information about safe injection practices and the pre-
vention of transmission should be essential components of pro-
fessional education efforts.

Case Study 4: Taiwan: a vaccination success story

Taiwan launched one of the first universal vaccination
programmes against hepatitis B in 1984 and the programme
is heralded around the world as a true success story

[24, 25]. Today, systematic vaccination is offered to all
newborns, health workers and schoolchildren who missed
the neonatal vaccination (catch-up vaccination). The impact
of the programme on seroprevalence levels has been
considerable (Fig. 3) and horizontal transmission amongst
children decreased [26]. The HCC incidence among children
has been significantly reduced, making the hepatitis B
vaccine the first effective vaccine for the prevention of
cancer [27]. The programme has also provided important
insights into the natural history of hepatitis B, for example
about the duration of conferred immunogenicity and the
potential need for booster vaccinations [28].

Complacency must be avoided, however, as thousands of
deaths due to viral hepatitis still occur every year in Taiwan.
Prevalence rates have not decreased in adults [29] and

the impact of vaccination is much lower in rural areas than
in urban centres [28, 30]. Also, the success of vaccination
cannot be taken for granted: diligent, continuous monitoring
of the quality of available vaccines and of the outcomes

of vaccination programmes is needed for the public health
impact of the vaccination programme against hepatitis B |
virus to continue in Taiwan [31, 32]. |
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Fig. 3. Incidence of HCC by age in cohorts born before and after infant
vaccination program against hepatitis B virus in Taiwan (started in 1984)[271.
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Axis 4: Screening, care, and treatment

Greater availability, awareness and uptake of screening for both
hepatitis B and hepatitis C were highlighted as the most pressing
needs by participants from all countries in the CEVHAP workshop.
Countries differ in what screening programmes have been imple-
mented and to what extent screening is covered by public funds.
Barriers to screening are likely to be specific to each local context,
not to mention each individual (Table 3). It is critical that the confi-
dentiality of screening results is ensured; in many countries, the
results of screening may be sent to a person’s employer, causing dis-
crimination and often loss of employment for the person concerned.

Another significant issue is the need to ensure greater linkage
from screening to treatment, given a large proportion of individu-
als who test positive at screening are known not to seek treat-
ment. Comprehensive care models are urgently needed to make
sure that individuals who are infected receive appropriate infor-
mation, counselling, and care throughout all phases of their con-
dition [33]. In many countries, better collaboration between
primary care physicians and liver specialists is needed to ensure
that individuals who test positive are referred to appropriate care.

A commonly cited barrier to treatment was lack of public funding.
Overall, government funding for antiviral therapies for both hepatitis
B and hepatitis C has improved considerably over the past decade in
all four jurisdictions (see Case study 5). However, out-of-pocket costs
are often still high for many patients, be it for diagnosis, monitoring
tests [21,34], or antiviral therapies. Funding of antiviral therapies in
some countries is often limited to a given number of years, which
may impact on compliance with long-term treatment regimens.

It is also important to recognise that lack of funding may
sometimes be used as an excuse for not offering available treat-
ments to patients. In truth, physicians are often unaware of exist-
ing treatment options, or they remain unconvinced of their
benefit despite their inclusion in clinical guidelines and thus
adopt a ‘watch and wait’ approach to treatment.

Table 3. Barriers to screening linked to individuals, providers and the
healthcare system.

Source of barrier Barriers

Individuals Unaware that one is at risk of viral hepatitis
Unaware that the disease can have serious
long-term effects
Unaware that effective treatments exist
Cultural beliefs
Stigma associated with viral hepatitis
Costs associated with testing [lack of
funding]

Social stigma

Poor understanding of the availability and
effectiveness of treatment

Lack of disease management approach -
‘wait and see’ attitude to viral hepatitis
Cost barriers to access treatment

Lack of awareness about the need for
monitoring [hepatitis B]

Lack of continuity/no linkage from screening
to care

Cost of therapy/lack of government
reimbursement

Health care
providers

Healthcare
system

Adapted from |38].

Case Study 5: The importance of secure government
funding for the treatment of viral hepatitis in Hong
Kong

The Hong Kong government has funded antiviral therapy
for hepatitis B and C since 2009, supported by annually
renewable funding of approximately HKD 100 million. In
2010, an additional annually renewable HKD 76 million fund
was set up for hepatitis B, with an estimated 3000 to 4000
extra patients receiving treatment. Funding for treatment

is provided to hospitals as a prospective sum. Most of the
funding has gone towards hepatitis B as the number of
patients with hepatitis B infection is overwhelmingly greater
than those with hepatitis C infection.

This secured funding has meant that patients with

hepatitis B infection are offered guaranteed funding for their
treatment without any limit as to its duration, which in Hong
Kong practice, means nucleos(t)ide analogue treatment

for life. Physicians claim this funding has transformed their
relationship with their patients. Previously, patients would
resist the prescription of long-term therapy for hepatitis B
due to the financial burden it posed on them. Compliance
was a significant problem. Since the changes in funding, the
willingness to embark on life-long treatment has increased
and compliance rates have improved significantly in patients
with chronic hepatitis B infection in Hong Kong.

Experts believe that it was the demonstration of the cost-
effectiveness of existing treatments that helped secure the
funding, as well as the existence of two regular forums on
hepatitis, the Scientific Working Group on Viral Hepatitis
Prevention, and the Center for Health Protection, which offer
an opportunity for governments to consult with leading liver
specialists and for experts to present data to policy makers
to help guide policy decisions.

Discussion

Medical science and public policy have reached a critical, and
exciting, juncture for viral hepatitis: 179 countries worldwide
have implemented vaccination programmes against hepatitis B.
Up to 95% of cases of hepatitis B infection are now treatable
and up to 60% of those of hepatitis C infection are curable
[27,35,36]. Cirrhosis can be reversed [37] and treatment of liver
cancer, once thought to be impossible, is now possible. Yet
three-quarters of those infected with hepatitis B virus and 65%
of those infected with hepatitis C virus do not know they are
infected [3]. Screening uptake is low, as is uptake and adherence
to treatment, with the result that outcomes for individuals
infected with viral hepatitis remain suboptimal.

The CEVHAP North Asia Workshop on Viral Hepatitis high-
lighted the key challenges facing Hong Kong, Japan, Korea, and
Taiwan in their fight against viral hepatitis. These challenges
are similar to those in other regions [2,3]. The WHO Framework
provides a blueprint for action, but the onus is on governments
to reduce the burden posed by hepatitis locally, within the con-
straints and possibilities of their local epidemiology, resources,
health care infrastructure, and advocacy base.
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