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Strategy for vaccination against hepatitis B in
areas with high endemicity: focus on Korea

Y 0 Ahn

Abstract
Hepatitis B vaccination strategies may

vary from country to country depending
on hepatitis B virus (HBV) endemicity,
predominant modes of infection, age of
infection, and health care resources. In
areas with high endemicity like Korea,
transmission of virus from carrier
mothers to infants during the perinatal
period, and from other horizontal sources

to infants and children, account for most
cases ofHBV infection. The consequences

of HBV infection at an early age are seri-
ous, as more than 700/0 remain chronic
carriers of the virus. These chronic
carriers are the principal source of infec-
tion for other susceptible people, and are

themselves at high risk ofdeveloping other
serious diseases, such as chronic hepatitis,
liver cirrhosis, and hepatocellular carci-
noma. Theoretically, therefore, routine
infant immunisation supplemented with
prenatal screening of pregnant women for
HBsAg or HBeAg and mass immunisation
of children is the appropriate strategy for
control of hepatitis B in these countries.
To prevent primary liver cancer associ-
ated with HBV infection, however, immu-
nisation of adults at high risk would also
be prudent. Mandatory vaccination of all
neonates is recommended in highly
endemic areas, together with hepatitis B
immune globulin in babies born to HBsAg
carrier mothers.
(Gut 1996; 38 (suppl 2): S63-S66)
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TABLE I Types of hepatitis B vaccine, available and
under development8 9

By antigen source:
Plasma derived vaccines Available
Recombinant DNA derived vaccines:

Yeast based Available
Mammalian cell based Available

Additional pre-S epitope vaccine:
Pre-S 1 containing recombinant

vaccines Under development
Pre-S2 containing recombinant

vaccines Under development
Live recombinant vaccine:
Hybrid Vaccinia virus vaccine Under development

Synthetic peptide vaccines Under development

TABLE II Levels ofHBV infection endemicity4

Endemicity

Index High Intermediate Low

Prevalence of HBsAg(+) 8-20% 2-7% <2%
Prior infection rate >70% 20-50% <20%
Usual age of infection Infancy and childhood Childhood and adolescence Adulthood

Guidelines or strategies, or both, for the
prevention of hepatitis B by vaccination have
been presented by a number of organisations
or authors.1-6 The availability of safe and
effective vaccines should facilitate the estab-
lishment of such immunisation programmes.
Worldwide, the Technical Advisory Group of
the World Health Organisation has recom-
mended the addition of hepatitis B vaccine to
the Expanded Programme on Immunisation
(EPI) in all countries with moderate to high
endemicity of infection.1 However, the vacci-
nation strategy/programme will vary from
country to country and from area to area
(urban to rural), depending on hepatitis B
virus (HBV) infection endemicity, predomi-
nant modes of infection, age of infection, and
health care resources.

Hepatitis B vaccine became available for
routine use in 1981 with the licensing of a
plasma derived vaccine in the United States.
Today, more than a dozen licensed vaccines
are available worldwide and these are classified
as either plasma derived or recombinant DNA
derived vaccines, according to the antigen
source.7 Nevertheless, considerable effort is
still being put into developing more potent and
cheaper vaccines suitable for specific immuni-
sation programmes (Table I).

Prevalence ofHBV infection
The prevalence of HBV infection in different
regions is usually defined according to three
levels of endemicity - high, intermediate, and
low.4 These are defined, in turn, according to
the prevalence of hepatitis B surface antigen
(HBsAg) positivity, overall infection rate, and
age at which infection is commonly acquired
(Table II).

In areas of high hepatitis B endemicity,
there are two patterns of disease epidemiol-
ogy in terms of the predominant mode of
infection and its major consequences: one is

TABLE III Prevalence ofHBVinfection and HBsAg
positivity among Koreans in the 1980s10

Male Female

Age HBV HBsAg HBV HBsAg
group infection positive infection positive
(Y) (V.) (°/) (%0) (o/%)
At birth 1.1 1-1 1-1 1 1
-s9 2905 7-5 21-7 6-7
10-19 45-1 7-1 42-5 5-8
20-29 72-6 9.1 59-2 5-1
30-39 77-5 9.1 59.4 7-1
40-49 85-7 8-0 75-7 8-0
50-59 88 1 7-8 72-5 7-6
60+ 76-9 6-3 72-5 3-4
Total 61-3 8-0 52-8 6-1

*For prior infection rate, see Table V.

S63

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.38.S

uppl_2.S
63 on 1 January 1996. D

ow
nloaded from

 

http://gut.bmj.com/


S64

TABLE IV Conversion to HBsAg negativity during a two
yearfollow up ofHBsAg positives among Korean male
adults12

Negative conversion

Age group Number Number %

20-29 16 6 37.5
30-39 24 9 37.5
40-49 18 6 33.3
50-59 6 2 33.3
Total 64 23 35.4

TABLE V Probability ofHBV infection by age among
Koreans: a stochastic analysis by log-log model using the
data asterisked in Table III10

Age (y) Male (%) Female (%)

1 68 69
5 56 47
10 5.1 40
15 48 36
20 46 3.4
25 45 32

The stochastic equations are:
Exp(-2 684 to 0 1296*LN(age)) for men;
Exp(-2 676 to 0.2357*LN(age)) for women.

characterised by a significant proportion of
infections occurring during the perinatal
period, of which more than 50% remain
chronic carriers of the virus; the other is char-
acterised by early childhood (horizontal) trans-
mission of infection. The first of these patterns
is found primarily in Asia, in countries such as
Korea, and the second is primarily seen in
Africa.

Characteristics ofHBV infection in
Korea, a high endemicity area

HBV INFECTION RATE
During the 1980s, 11% of newborn babies in
Korea were infected with HBV by maternal
transmission during the perinatal period.'0
Thereafter, the number of infected subjects
increases with age (Table III). Nearly 30% of
males and 21.7% of females have been infected
with HBV by the age of 9 years. In the 10-19
year old age group, the infection rate has
increased to 45d1% of males and 42.5% of
females, reaching 72.6% and 59.2%, respec-
tively, by the age of 29 years. Thus, in children
and young adults up to 20 years of age, there is
a rapid increase to a 43-45% infection rate,
with very little difference between the sexes,
possibly as the boys and girls have similar
home and school living environments. This
pattern also suggests that intrafamilial trans-
mission ofHBV may play an important part in
this age group. From 20 to 29 years of age,

TABLE vi Prevalence ofHBVserological marker profiles in patients with chronic liver
diseases (at Seoul National University Hospital, 1983-1994) "

HBV markers Chronic active Liver Hepatocellular
hepatitis cirrhosis carcinoma

HBsAg Anti-HBc Anti-HBs No (%) No (%o) No (%)

+ + - 1956 (61-4) 1302 (73-1) 433 (68-9)
- + - 498 (15-6) 268 (13-9) 97 (15-4)
- + + 440 (13-8) 254 (13-2) 65 (10-5)
- - + 83 (2.6) 23 (1-2) 7 (1.1)

208 (6.6) 72 (3.9) 26 (4-1)
Total 3185 1919 628

there is a rapidly developing difference in
infection rates between the sexes, with an
increase of 27.5% in men compared with
17.6% in women. In summary, there is no real
difference in HBV infection rate between the
sexes until the age of 20 years, after which men
have a potentially greater exposure to the virus,
especially in their 20s, which might explain the
relatively higher rate in men compared with
women.

CHRONIC HBsAg CARRIERS
Chronic carriage of HBsAg has serious impli-
cations with respect to both clinical and public
health considerations. Hadler and Margolis
have estimated that, in a country such as
China, the probability of becoming a chronic
HBsAg carrier among those infected in the
perinatal period is 90/o in infants born to an
HBsAg positive/HBeAg positive mother, and
60% in those born to an HBsAg positive/
HBeAg negative mother."1 Among those
infected in the postneonatal period, the prob-
ability of becoming a chronic carrier is esti-
mated as 30%. Seroconversion to HBsAg
negativity has been estimated during a two year
follow up study in a fixed cohort of 64 HBsAg
positive adult Korean males tested by radio-
immunoassay.12 As shown in Table IV, the
average negative conversion rate was 35.40/o,
with no important differences between the var-
ious age groups. Thus, the proportion of
infected subjects who remain persistent
carriers of HBV in high endemicity areas such
as Korea may be estimated to be roughly two
thirds of all HBsAg positive patients at any
particular point in time.

PROBABILITY OF INFECTION BY AGE
Through a stochastic analysis using a math-
ematical (log-log) model, the probability of
HBV infection at a given point in time (that is,
at a certain age) can be estimated (M S Lee
and Y 0 Ahn, unpublished data). As shown in
Table V, seven infants per 100 susceptibles are
likely to be infected by HBV at 1 year of age,
after which there is a very gradual decrease in
risk - more noticeably in females.

MODE OF TRANSMISSION
Epidemiological studies in the 1980s showed
that 6/5% of pregnant women in Korea were
HBsAg positive.'0 Among infants born to these
women, 16-4% became infected with HBV
perinatally.10 HBeAg positivity was found in
53.1% of HBsAg positive mothers and in
50.7% of their HBV infected newborns.

Familial clustering of HBV infection has
been well reported. In contrast, there is no
evidence of such a pattern for hepatitis C virus
(HVC) infection. In Korea, household con-
tacts - especially the offspring - of chronic
HBsAg carriers have up to a 6.6-fold increased
risk of HBV infection compared with
controls.13 Kim and Ahn have also reported
that sharing of towels and drinking vessels
were associated with an increased risk of
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intrafamilial transmission of HBV, with esti-
mated odds ratios of 11.5 and 12.1, respec-
tively. 14
The mode of extrafamilial transmission,

particularly among adults, has not been well
studied in these areas. Nosocomial infection and
occupational exposure are possible risk factors.

HBV INFECTION AND CHRONIC LIVER DISEASES
Hepatitis B is responsible for more than
85% of all chronic liver diseases, including
chronic active hepatitis, liver cirrhosis, and
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Figure 1: Progression to cirrhosis in patients with chronic
hepatitis: HBsAg positive versus HBsAg negative patients.
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Figure 2: Progression to primary liver cancer in patients
with cirrhosis: HBsAg positive versus HBsAg negative
patients.

TABLE VII Incidence of hepatocellular carcinoma among adult males according to HBV
serological profile and hepatitis B vaccination: a cohort study in Seoul, Korea'6

Serological Person years No of hepatocellular Incidence! Rate
profile offollow up carcinoma cases 100000 ratio

HBsAg-ve and anti-HBs-ve 1 035 126 137 13-2 1-0
Non-vaccinee 898254 123 13-7 1-0
Vaccinee 136 872 11 8-0 0-58

Anti-HBs+ve 297 648 13 4-4 0 33
HBsAg+ve 71792 155 215-9 16-4

TABLE VIII Issues for consideration in development of hepatitis B vaccination programmes
in areas ofhigh endemicity, such as Korea

Issue Recommendation

1 Target populations: Priority 1: newborn babies and children (P1)
Priority 2: adolescents, especially males (P2)
Priority 3: male adults and high risk groups (P3)

2 Vaccination approach: P1 and P2: mass vaccination
P3: selective vaccination

3 Post-exposure prophylaxis: Infants born to HBsAg positive mothers (0 05 ml
HBIg plus vaccine within 12 hours)

Household contacts of HBsAg positive family
members

Occupational or accidental exposure
4 Pre-vaccination testing for antibody: P1: not necessary

P2, P3: necessary
5 Post-vaccination testing for antibody: P1 and P2: not necessary

P3: necessary, three to nine months after completion
of vaccine course

6 Booster doses: Not recommended except for high risk subjects

hepatocellular carcinoma. Table VI shows the
prevalence of various HBV serological marker
profiles in patients with chronic liver diseases
at the Seoul National University Hospital. A
recent longterm follow up study at this
hospital showed that 9%, 23%, 36%, and 48%
of 1455 patients with chronic active hepatitis
developed liver cirrhosis within five, 10, 15,
and 20 years, respectively.15 The probability
of developing liver cirrhosis is significantly
higher among HBsAg positive subjects than
among those who are HBsAg negative (Fig 1).
Another longterm follow up study showed that
13%, 27%, and 42% of 1236 liver cirrhosis
patients developed hepatocellular carcinoma
within five, 10, and 15 years, respectively. The
progression rate to hepatocellular carcinoma
among HBsAg positive liver cirrhosis patients
was also significantly higher than that among
HBsAg negative patients with liver cirrhosis
(Fig 2).

Importantly, authors of a large scale cohort
study carried out in Seoul, Korea observed a
protective effect of hepatitis B vaccination
against development of hepatocellular carci-
noma in adult men (Table VII).16 They also
reported a 16.4:1 risk ratio for hepatocellular
carcinoma among HBsAg positive subjects
compared with those who were negative for
both HBsAg and anti-HBs. The risk among
anti-HBs positive subjects is reduced even
further, to 033. Four year follow up after
hepatitis B vaccination also showed that the
incidence of hepatocellular carcinoma among
vaccinees is lower than that among non-
vaccinees (with a ratio of 0-58:1, respectively).

Hepatitis B vaccination
strategy/programme
There are several issues to be considered when
hepatitis B vaccination programmes are being
developed. As previously mentioned, the vacci-
nation strategy/programme will vary from one
country to another and from one type of region
(urban) to another (rural), depending on the
epidemiological characteristics of HBV infec-
tion and its consequences. Table VIII shows
some possible recommendations for hepatitis
B vaccination programmes in areas with a high
endemicity of HBV infection like Korea.
Universal vaccination of neonates started in
Korea in 1995.
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Discussion
Torres: The HBsAg positivity rate in women
seems to increase from around 5% up to the
age of 20 years to around 7%/o after 30 years.
Do you have an explanation for this sudden
increase?
Ahn: I have no explanation for the difference.
Hollinger: One of your slides showed that 36%
of the chronic hepatitis cases became HBsAg
negative after only two years, which is an
unusually high number.
Goudeau: I think this is probably because some
acute cases were included in the numbers.
Toukan: Do you have any data on vaccine
coverage rates?
Ahn: We have no specific data because hepatitis
B vaccination as a national programme was only
begun in 1995. I personally estimate that half
the children in Korea have taken the vaccine.
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