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Hepatitis B virus (HBV) infection is a
global health problem; more than 350
million of the world population are
chronically infected with the virus.1

HBV infection is associated with a wide
spectrum of clinical manifestations,
ranging from acute or fulminant hepati-

tis to various forms of chronic infection
including asymptomatic carrier state,
chronic hepatitis, cirrhosis, and hepato-
cellular carcinoma (HCC). In Taiwan,
HBV infection is prevalent, and we
have already shown that universal vac-
cination in infants is feasible and effec-
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Objectives: To assess the annual mortality rate associated with fulminant
hepatitis in infants before and after the mass immunization program that
was launched in Taiwan in July 1984.

Study design: From the National Mortality Registry System, the data on the
mortality from fulminant hepatitis in infants from 1975 to 1998 were re-
trieved. Poisson regression analysis was used to assess the difference in aver-
age mortality from fulminant hepatitis in infants before (1975-1984) and after
(1985-1998) the implementation of the mass hepatitis B vaccination program. 

Results: The ratio of yearly mortality from 1975 to 1998 was 1.10 (P <
.001), representing a progressive decrease in the number of the cases. The
average mortality associated with fulminant hepatitis in infants from 1975 to
1984 and from 1985 to 1998 was 5.36 and 1.71 per 100,000 infants, respec-
tively. The ratio of the average mortality in the period from 1985 to 1998 to
that in the period from 1975 to 1984 was 0.32 (P < .001).

Conclusions: These data indicate that since the institution of a program of
mass hepatitis B vaccination in Taiwan, the mortality associated with fulmi-
nant hepatitis in infants has declined significantly. (J Pediatr 2001;139:349-52)

tive in reducing the number of hepatitis
B surface antigen (HBsAg) carriers.2

Most importantly, a trend of declining
incidence of childhood HCC was ob-
served, suggesting that universal he-
patitis B vaccination in infants can ef-
fectively control childhood HCC.3

See editorial, p 343.

Fulminant hepatitis is uncommon in
children and is associated with a high
mortality rate.4 Fulminant hepatitis
has been documented in infants of
HBV carrier mothers, especially those
positive for antibodies against hepati-
tis B e antigen.5,6 We have previously
shown that HBV causes most of the
fulminant hepatitis in infants in Tai-
wan.7 A nationwide hepatitis B vacci-
nation program, aimed at all newborn
babies, was launched in Taiwan in
July 1984.2 To assess the possible ef-
fect of the vaccination, we analyzed
the annual mortality associated with
fulminant hepatitis in infants in Tai-
wan from 1975 to 1998.

METHODS

Population Data
Taiwan has a current population of

over 22 million, and the health care
system changed little in the study peri-
od from 1981 to 1998. All births,
deaths, marriages, and divorces must
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be registered with the government’s
household registration offices. Infor-
mation on education, employment,
and migration is also recorded. These
records are double-checked annually
by registration officers, who conduct
home visits. Demographic data ob-
tained from household registration of-
fices are complete and accurate. The
year-end population statistics for in-
fants used in the present study were
obtained from the annual reports on
health and vital statistics published by
the Department of Health.8

Nationwide Hepatitis B
Vaccination Program

Taiwan’s mass vaccination program
against HBV was launched on July 1,

1984.2 Details of the program have
been reported previously.2,3 The pri-
mary targets are newborn babies. In
the first 2 years, only HBsAg-carrier
mothers’ infants were vaccinated.
From July 1986, all newborns were
vaccinated. The program has been im-
plemented smoothly and successfully,
and the vaccine coverage has been
>90% of the targeted population. 

Definition of Fulminant
Hepatitis

Fulminant hepatitis was defined as
severe acute hepatitis, with profound
impairment of hepatic function associ-
ated with progressive mental changes
occurring within 4 weeks of the onset
of symptoms.7

Trends in the Annual Mortality
from Fulminant Hepatitis in
Infants

To look for changes in the mortality
from fulminant hepatitis in infants
after the vaccination program was im-
plemented, we used the National Mor-
tality Registry System to study the
mortality associated with this disease
from 1975 to 1998, spanning the years
before and after the start of the pro-
gram. Death certificates, which must
be registered in the household regis-
tration offices, are routinely reviewed
and submitted to the national death
certification system by local health bu-
reaus. By law, a certificate must be
registered within 1 month of any
death. All certificates are reviewed
and coded by medical registrars ac-
cording to the Manual of the Internation-
al Statistical Classification of Diseases, In-
juries, and Causes of Death9 in the central
office of the national death certifica-
tion system, Department of Health. 

Statistical Analysis
The annual mortality rate from ful-

minant hepatitis in infants was deter-
mined by dividing the annual number
of cases in children aged ≤1 year by
the year-end population of the same
age. In order to assess the effect of
the nationwide vaccination program
on the mortality rate from fulminant
hepatitis in infants, the statistical sig-
nificance of the difference for the 2
periods under comparison was exam-
ined by using Poisson regression
analysis.10

RESULTS

The annual mortality associated
with fulminant hepatitis in infants
from 1975 to 1998 is shown in the
Table. Poisson regression analysis was
used to calculate the average ratio of
consecutive years across the interval
of time. Our results showed that the
ratio of yearly mortality from 1975 to
1998 was 1.10 (95% CI: 1.07-1.11, P <
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Population Mortality from fulminant hepatitis*
Year (0-1 y of age) [No. (rate per 100,000)]

1975 331,760 20 (6.0)
1976 359,611 16 (4.4)
1977 370,443 24 (6.5)
1978 366,345 19 (5.2)
1979 376,966 20 (5.3)
1980 376,970 23 (6.1)
1981 374,254 25 (6.7)
1982 368,901 14 (3.8)
1983 359,022 24 (6.7)
1984† 345,625 10 (2.9)
1985 325,084 15 (4.6)
1986‡ 302,342 6 (2.0)
1987 289,687 5 (1.7)
1988 300,777 6 (2.0)
1989 304,541 9 (3.0)
1990 309,435 13 (4.2)
1991 315,568 2 (0.6)
1992 307,460 9 (2.9)
1993 306,815 4 (1.3)
1994 299,810 1 (0.3)
1995 297,261 2 (0.7)
1996 303,000 1 (0.3)
1997 305,622 3 (1.0)
1998 281,091 1 (0.4)

*P < .001 for the comparison of values before 1985 with those after 1985 (average mortality was
5.36 vs 1.71, respectively, with a mortality ratio of 3.11 [95% CI: 2.37-4.09]). 

†Mass immunization against HBV launched on July 1, 1984, for HBsAg-carrier mothers’ new-
borns. 

‡All newborns have been included in the immunization program since July 1, 1986.

Table. Annual mortality (1975-1998) from fulminant hepatitis in infants in Taiwan
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.001), representing a progressive de-
crease. The average mortality associ-
ated with fulminant hepatitis in infants
from 1975 to 1984 was 5.36 per
100,000 infants (range, 2.9-6.7). The
average mortality declined to 1.71 per
100,000 infants (range, 0.3-4.6) for the
period from 1985 to 1998. The ratio of
the average mortality in the period
from 1985 to 1998 to that in the period
from 1975 to 1984 was 0.32 (95% CI:
0.24-0.42, P < .001). In other words,
the mortality rate for fulminant he-
patitis in infants in Taiwan decreased
3-fold after implementation of the he-
patitis B vaccination program, and the
change was statistically significant.

Of interest was the distribution of
cases in 1984; of the 10 fatal cases, 7
occurred before July 31, and 3 oc-
curred afterward.

DISCUSSION

Taiwan is one of the first countries in
the world to implement a universal
vaccination program against hepatitis
B.2 Subsequent surveys have shown
that the HBsAg seroprevalence rate in
Taiwan declined from 10% to <1% 10
years after the initiation of mass immu-
nization in children <10 years of age.11

Most importantly, the average annual
incidence of HCC in Taiwanese chil-
dren aged 6 to 14 years declined from
0.70 per 100,000 children in 1981 to
1986 to 0.57 in 1986 to 1990, and fur-
ther to 0.36 in 1990 to 1994.3 These
data indicate that an HBV mass vacci-
nation program is not only effective in
preventing perinatal and early hori-
zontal transmission of HBV but also in
controlling childhood HCC in Taiwan,
a disease almost exclusively caused by
HBV.3 A similar decrease in the inci-
dence of HCC will very likely be seen
in young adults within the next few
years. Accordingly, the World Health
Organization has recommended that
hepatitis B vaccination should be inte-
grated into the routine Expanded Pro-
gram of Immunization, and more than

100 countries worldwide have fol-
lowed this recommendation. 

Fulminant hepatitis, a rare but dis-
astrous complication of HBV infection
in infants, usually occurs in those born
to asymptomatic HBsAg-carrier
mothers, especially those negative for
HBeAg and positive for antibodies
against hepatitis B e antigen.5,6 In Tai-
wan, perinatal mother-to-infant trans-
mission of HBV accounts for 40% to
50% of HBsAg carriers.12 We have
previously shown that fulminant he-
patitis in children occurs mainly dur-
ing infancy, especially before 6 months
of age, with HBV infection as the
major cause (~76%).7 Although the in-
cidence of fulminant hepatitis is low,
these perinatally infected infants are at
risk for this acute, severe form of he-
patitis. The average mortality associ-
ated with fulminant hepatitis in infants
dramatically declined from 5.36 per
100,000 infants in the 1975-1984 peri-
od to 1.71 per 100,000 infants in the
1985-1998 period, coinciding with the
implementation of the hepatitis B im-
munization program in 1984. This as-
sociation was further supported by the
stepwise decline in the number of in-
fants who died of fulminant hepatitis.
The first decline occurred in 1984
after hepatitis B vaccination for
HBsAg-carrier mothers’ infants was
launched. Of interest, 7 of the 10 fatal
cases in 1984 occurred before the end
of July, when the infants did not re-
ceive hepatitis B vaccination. The sec-
ond decline was observed in 1986
when all newborns were vaccinated,
beginning in July of that year. After
1986, the cases per year decreased to
single digits almost without exception.
Although management of fulminant
hepatitis has improved in recent years,
the mortality rate for such a cata-
strophic illness remains unchanged in
Taiwan.13 Liver transplantation, an ef-
fective treatment for fulminant hepatic
failure, has never been performed in
infants for this indication in Taiwan.
Thus, the evident decline in mortality
from fulminant hepatitis in infants in

our study can be reasonably attributed
to the effect of Taiwan’s mass hepatitis
B vaccination program. 

In conclusion, our study strongly
suggests that universal hepatitis B
vaccination is effective in preventing
fulminant hepatitis in infants in Tai-
wan. A nationwide hospital-based
study with a better-defined etiology of
fulminant hepatitis in infants is ongo-
ing to further address this interesting
and important issue. 

We thank Mr Shiuh-Ming Huang at the Of-
fice of Statistics, Department of Health, Tai-
wan, for his assistance with the vital statistics.
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