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Background: Hepatitis B virus (HBV) infection is hyperendemic
in Taiwan. Before universal HBV immunization was started in
Taiwan in 1984, the carrier rate for hepatitis B surface antigen
(HBsAg) was 15% to 20% in the general population.

Objective: To quantify the population impact of a mass vacci-
nation program for HBV 15 years after its implementation.

Design: Descriptive analysis of serologic markers of HBV in
healthy children and adolescents.

Setting: Chung-Cheng District, Taipei City, Taiwan, in 1999.

Participants: 1357 persons younger than 15 years of age, who
were born after the implementation of universal HBV vaccination,
and 559 persons 15 to 20 years of age, who were born before the
program began.

Measurements: Repeated serologic surveys similar to those
done before and 5 and 10 years after the national vaccination
program was implemented. All participants were tested for serum
HBsAg, its antibody (anti-HBs), and hepatitis B core antibody
(anti-HBc).

Results: During the 15 years since the vaccination program was
implemented, the prevalence of HBsAg among persons younger
than 15 years of age decreased from 9.8% in 1984 to 0.7% in
1999; among persons 15 to 20 years of age, the 1999 prevalence
of HBsAg was 7% (P < 0.001). Hepatitis B core antibody sero-
positivity, which represents HBV infection, was found in 2.9% of
persons younger than 15 years of age and in 20.6% of persons 15
to 20 years of age (P < 0.001); in the same age groups, the rate
of anti-HBs seropositivity was 75.8% and 70.7%, respectively
(P = 0.02).

Conclusions: Universal vaccination significantly decreased the
HBV carrier rate and infection rate among children and adoles-
cents born since the program began. By decreasing the carrier
pool, continuation of the national HBV immunization program
should prevent HBV infection in the children of Taiwan, and,
subsequently, adults as well.
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Hepatitis B virus (HBV) infection is an important
cause of chronic hepatitis, cirrhosis, and hepatocel-
lular carcinoma in many parts of the world, including
Taiwan (1, 2). Up to 15% to 20% of the general pop-
ulation in Taiwan are chronic carriers of hepatitis B
surface antigen (HBsAg) (3, 4). Most chronic carriage of
HBV results from infection in early childhood, espe-
cially before 2 years of age (5-7). Taiwan launched the
world’s first nationwide universal vaccination program
in 1984 to prevent infection in the early years of life (8).
In addition to decreasing the proportion of carriers and
the prevalence of HBV infection in the current young
generation (9), the universal vaccination program has
also resulted in a decreased incidence of childhood hep-
atocellular carcinoma (10).

To study the effect of this universal vaccination pro-
gram, we conducted a series of prospective seroepide-
miologic surveys in Chung-Cheng District, Taipei City,
Taiwan. The first survey was conducted shortly before
the mass vaccination program began in 1984 (6), fol-
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lowed by similar surveys in 1989 (11) and 1994 (12).
We report findings that extend our follow-up observa-
tions to 1999—15 years after the start of the program.

METHODS
National Vaccination Program

The national program of universal HBV vaccination
in Taiwan began on 1 July 1984 (8). At that time, only
the newborn infants of mothers who were HBsAg carri-
ers were vaccinated. The vaccination program was ex-
tended in June 1987 to include all newborn infants and
in July 1987 to cover all children of preschool age. The
program was further extended to school children, teen-
agers, and then adults from 1988 to 1990. Since 1991,
the vaccination records of first-grade children have been
checked, and children without a complete set of previ-
ous vaccinations have been given “catch-up” HBV vac-
cinations. Before July 1992, four doses of plasma-
derived vaccine were administered in children before 1
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week of age and again at 1, 2, and 12 months of age;
after July 1992, three doses of recombinant (yeast-
derived) vaccine were administered before 1 week and at
1 month and 6 months of age. Since 1984, newborns
whose mothers test positive for hepatitis B e antigen
(HBeAg) have also received hepatitis B immunoglobu-
lin, 0.5 mL (100 IU), within 24 hours after birth. The
vaccination program has been described in greater detail
elsewhere (8, 12).

We defined the vaccination coverage rate as the per-
centage of children receiving at least three doses of HBV
vaccine. We assessed the vaccination histories of the
studied population by examining their vaccination cards
and by taking a history from their parents. We classified
the vaccination status as unknown for persons with a
missing vaccination card or a vague vaccination history.

Participants

From March 1999 to October 1999, serum samples
were collected from 1916 children and adolescents from
two groups: 1) 1357 apparently healthy persons younger
than 15 years of age (721 male participants and 636
female participants), who were born after the launch of
the universal vaccination program, and 2) 559 persons
(297 male participants and 262 female participants) 15
to 20 years of age, who were born before universal vac-
cination. We recruited participants for the baseline and
follow-up seroepidemiologic studies in Chung-Cheng
District, Taipei City. In 1999, Chung-Cheng had a
population of 165 388 citizens; 35 005 of the citizens
were younger than 15 years of age, and 47 565 were
younger than 20 years of age. From 1994 to 1999, the
population was stable, with an average annual migration
rate of less than 4.8%. The annual family income,
$39 963 (in U.S. dollars), was the third highest among
the 12 districts in Taipei (13). From 1985 through
1990, the HBsAg carrier rate among pregnant women—
14% (14)—was similar to the national average (3, 4).

The 1916 participants in our 1999 study consisted
of 1) 157 children younger than 3 years of age enrolled
from the Well-Baby Clinic of the National Taiwan Uni-
versity Hospital Department of Pediatrics and from two
day care centers; 2) 232 children 3 to 6 years of age
recruited from two kindergarten classes; 3) 763 children
7 to 12 years of age enrolled from one public elementary
school; 4) 205 children and adolescents 12 to 15 years of
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age enrolled from one public junior high school; 5) 219
adolescents 15 to 18 years of age enrolled from one high
school; and 6) 340 first-year undergraduate students at
the National Taiwan University, 19 to 20 years of age.

We recruited the child and adolescent participants
through poster advertisements and by invitation from
the health staff of the Department of Pediatrics, Na-
tional Taiwan University Hospital. The university stu-
dent participants and the parents of enrolled children
gave written, informed consent and provided the vacci-
nation history of the participant, according to his or her
personal health booklet. (The booklet, which is used to
record a person’s vaccination history, is provided to the
parents of all newborns by the Health Bureau of City
Hall.)

Serologic and Statistical Analyses

We analyzed serum samples for HBsAg, HBsAg an-
tibody (anti-HBs), and hepatitis B core antibody (anti-
HBc) by using enzyme immunoassay (Abbott Laborato-
ries, North Chicago, Illinois). We examined between-
group differences in frequency by using the chi-square
test with Yates correction or the Fisher exact test, where
appropriate. A P value less than 0.05 was considered
significant. Data analyses were performed by using
GraphPad Prism, version 3.00 (GraphPad Software,
Inc., San Diego, California).

Role of the Funding Source

The funding source had no role in the collection,
analysis, and interpretation of the data or in the decision
to submit the paper for publication.

REsSULTS

In 1999, the vaccination coverage rate was greater
than 90% among children younger than 8 years of age
and 80% to 86% among children 8 to 15 years of age
(Table). These figures might be underestimates because
some of the participants, particularly in the older age
group, had missing vaccination cards; in other cases (for
23 of the 541 children younger than 8 years of age and
63 of the 766 participants 8 to 15 years of age), the
parents could not recall the vaccination history. Infants
had a lower coverage rate than other age groups because
some of them had not yet finished their vaccination

schedule (Appendix Table).
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Table. Seroprevalence of Hepatitis B Surface Antigen and Its Antibody in Chung-Cheng District, Taipei City, Taiwan, in

1984, 1989, 1994, and 1999*

Age Participants Rate of HBsAg Seropositivity (95% CI)
Group

1984 1989 1994 1999 1984 1989 1994 1999

n %

<1y 59 661 20t 72t 5.1 (1.1-14.1) 3.0(0.4-10.5)t 0 (0-16.8)t 0 (0-4.9)t
1-2y 84 206t 211t 851 10.7 (5.0-19.4) 1.5(0.3-4.6)t 0.5 (0-2.6)t 1.2 (0-6.4)t
34y 189 185t 313t 831 10.1 (6.2-15.2) 2.2 (0.6-5.4)t 0.3 (0-1.8)t 0 (0-4.3)t
5-6y 226 229 371t 149t 10.6 (6.9-15.4) 3.9(1.8-7.3) 0.8 (0.2-2.3)t 0 (0-2.5)t
7-8y 206 172 218t 202t 9.7 (6.0-14.3) 4.7 (2.0-9.0) 0.9 (1.1-3.3)t 2.0(0.5-5.0)t
9-10y 146 123 206t 226t 11.0 (6.4-17.2) 9.8 (5.2-16.4) 1.5(0.3-4.2)% 1.3(0.3-3.89)t
1112y 187 153 146 335t 9.1 (6.4-14.2) 10.5 (6.1-16.4) 6.8(3.3-12.2) 0 (0-1.Mt
13-14y 103 - - 205t 11.7 (6.2-19.5) - - 0.5 (0-2.7)*
15-17'y - - - 219 - - - 7.3 (4.2-11.6)
1820y - - - 340 - - . 6.7 (4.3-10.0)

* The first survey was conducted shortly before the mass vaccination program began in 1984 (6). Similar follow-up surveys were conducted in 1989 (11), 1994 (12), and
1999 (the current study). Anti-HBs = hepatitis B surface antigen antibody; HBsAg = hepatitis B surface antigen.

T Persons born after implementation of the universal hepatitis B virus vaccination program in Taiwan in 1984.

¥ Some participants were born before and others after implementation of the national vaccination program.

The prevalence of HBsAg in children younger than
15 years of age, 0.7% (9 of 1357), was considerably
lower than the rate of 7% (39 of 559) observed in par-

Figure. Longitudinal perspective of the proportion of
hepatitis B surface antigen carriers among the cohorts of
0 to 1 year of age in 1984 (circles) and 1989 (squares)
in Chung-Cheng District, Taipei City, Taiwan.
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Children in the 1984 0- to 1-year age cohort, who were born before
universal vaccination in Taiwan, had a carrier rate of 5.1% in 1984,
3.9% in 1989 (at age 5 to 6 years), 4.7% in 1994 (at age 10 to 11 years),
and 7.5% in 1999 (at age 15 to 16 years). These proportions are signif-
icantly higher than those observed over time in the 1989 0- to 1-year age
cohort, who were born since the national vaccination program started, at
the corresponding age points (from the survey years 1989, 1994, and
1999, respectively).
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ticipants older than 15 years of age, who were born
before the universal vaccination program (2 < 0.001).
Of the 9 children who were born after the vaccination
program was instituted and tested positive for HBsAg,
only 1 had not received the scheduled vaccinations, and
the mother of this child was also HBsAg positive. Ac-
cording to their vaccination cards, the 8 other partici-
pants had received at least three doses of the HBV vac-
cine, and the first dose had been given within 1 week of
birth. Seven of these 8 participants had mothers who
were HBsAg carriers, and the remaining participant was
living with two grandparents who were HBsAg positive.
All 9 participants tested positive for anti-HBc. Eight of
these 9 HBsAg carriers had received the plasma-derived
vaccine, and 1 had received the yeast-derived recombi-
nant vaccine; however, type of vaccine did not affect the
rate of HBsAg seropositivity (8 of 968 persons who re-
ceived the plasma-derived vaccine were carriers vs. 1 of
389 who received the yeast-derived vaccine; P> 0.2,
Fisher exact test).

The overall prevalence of anti-HBs in persons
younger than 15 years of age in 1999 was 75.8%. We
observed the highest prevalence of anti-HBs in children
younger than 5 years of age (Table). The longitudinal
perspective of HBsAg carriers in cohorts 0 to 1 years of
age is shown in the Figure.

The rate of anti-HBc seropositivity was 2.9% in
persons younger than 15 years of age but was 20.6% in
persons 15 years of age or older (2 < 0.001). In con-
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Table—Continued
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Rate of Anti-HBs Seropositivity (95% CI)

1984

1989

1994

1999

%

39.0 (26.5-52.5)
10.7 (5.0-19.4)

14.3 (9.7-20.1)

16.8 (12.2-22.3)
22.8(17.2-29.1)
24.7 (17.9-32.4)
36.9 (30.0-44.3)
41.8 (32.1-51.9)

83.3 (72.2-91.2)1
85.0 (79.3-89.6)1
22.7 (16.9-29.4)t
20.1(15.1-25.8)
20.9 (15.1-27.7)
24.4 (17.1-32.9)
19.0 (13.1-26.1)

90.0 (68.3-98.8)t
88.2 (83.0-92.2)1
81.2 (76.4-85.3)t
77.4 (72.8-81.5)1
76.2 (69.9-81.7)t
75.2 (68.7-81.0)
71.9 (63.9-79.0)

79.2 (68.0-87.9)t
91.8 (83.8-96.6)1
88.0 (79.0-94.1)t
79.9 (72.5-86.0)t
71.8 (65.0-77.8)
68.6 (62.1-74.8)1
70.4 (64.7-74.7)t
80.0 (73.9-85.2)1
84.9 (79.5-89.4)

61.5 (56.1-66.6)

trast, the rate of anti-HBc seropositivity among children
younger than 15 years of age was 26.2% in 1984 (6),
14.5% in 1989 (11), and 4.0% in 1994 (12).

Discussion

The prevalence of HBsAg among children younger
than 15 years of age decreased from 9.8% to 0.7% in
the 15 years since implementation of the universal vac-
cination program. A high coverage rate for HBV vacci-
nation is crucial for decreasing the prevalence of HBV
infection. We observed a vaccination rate of at least
80% among children younger than 15 years of age and
as high as 97% among children 4 years of age or
younger. A nationwide series of seroepidemiologic stud-
ies of three cohorts of children 6 years of age in 1989,

1991, and 1993 reported that the vaccination rates for
HBV (=3 doses of vaccine) were 27.8%, 60.7%, and
88.7%, respectively (9). The age of these three cohorts
in 1999 correspond to the age groups of 15 to 18 years,
13 to 14 years, and 11 to 12 years in our study. The data
from these three national cohort studies confirm that the
vaccination rate in our sample is similar to the vaccina-
tion rate for the corresponding age groups nationally.

Persons younger than 15 years of age in 1999 had a
decreased rate of anti-HBc, a marker of HBV infection,
compared with the rates in the corresponding age co-
horts in our previous surveys. All persons with anti-HBc
seropositivity have had HBV infection, but only some
are carriers while others experience complete recovery.
Therefore, the discrepancy between the prevalence of
anti-HBc and HBsAg is explained by persons who were
infected with HBV but did not become chronic carriers.
It is likely the vaccination program, in addition to herd
immunity, prevents these people from becoming carriers.

Vaccination failed to protect 8 children in our study
from becoming HBsAg carriers. Among these children,
the high proportion with a positive family history of
HBV infection, and in particular the number with an
HBsAg-carrier mother, is striking. Because all 8 children
received their first vaccine dose within the first week of
life, delayed vaccination cannot explain these vaccine
failures. Possible explanations include presence of intra-
uterine HBV infection (15), inadequate vaccine re-
sponse, or vaccine escape variants (16, 17).

From 1 to 12 years of age, the rate of anti-HBs
seropositivity gradually decreased despite a steady vacci-
nation coverage rate of greater than 85%. This is per-

Appendix Table. Hepatitis B Vaccination History in Taiwanese Children, 1999*

Age Group Participants Participants, according to Total Number of Lifetime Vaccinations for HBV Total Participants
Receiving =3
0 1 2 3 =4 Vaccinations
n (%)
<1y 72 0 17 35 19 1 20 (28)
12y 85 0 1 0 83 1 84 (98)
3-4y 83 3 0 0 74 6 80 (96)
5-6y 149 6 4 5 103 30 133 (89)
7-8y 202 4 10 4 44 137 181 (90)
9-10y 226 10 12 8 57 133 190 (84)
1112y 335 8 12 13 50 239 289 (86)
13-14y 205 15 13 7 44 119 163 (80)
15-17 'y 219 27 47 27 15 92 107 (49)

* HBV = hepatitis B virus.
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haps due to the waning of anti-HBs titers over time
(18). Participant groups older than 15 years of age were
still able to achieve a high rate of anti-HBs seropositiv-
ity; catch-up vaccinations in combination with natural
booster in later life might explain this effect.

Our study demonstrates the tremendous effect of a
mass vaccination program on the rate of HBV infection
in children and adolescents in Taiwan. The universal vac-
cination program in Taiwan reduced the rate of chronic
carriers and the total infection rate for HBV, as reflected
by the decreased prevalence of HBsAg and anti-HBc. By
the end of 2000, nearly 110 countries had implemented
mass vaccination programs for HBV. We anticipate that
these efforts will lead to a greater worldwide control of
HBYV infection in the 21st century. Consequently, liver
diseases caused by HBV infection should be better con-
trolled (10). The remaining challenges will be to mini-
mize the rate of vaccine failure and to deal with poten-
tial vaccine-related events, such as the emergence of
escape surface mutants (17).
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