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During the last two decades an economic boom 
has occurred in Taiwan, a region where the prev- 
alence of both hepatitis A and B virus infection 
was formerly very high. To examine the impact 
of socioeconomic developments on the secular 
trend and geographical variation in hepatitis A 
and B virus infection, 875 adolescents selected 
randomlyfrom 20 junior high schools were stud- 
ied. Serum samples collected from the subjects 
were tested for hepatitis A antibody (anti-HAV) 
and hepatitis B surface antigen (HBsAg) by en- 
zyme immunoassay using commercial reagents. 
The anti-HAV prevalence increased from north- 
ern through central to southern Taiwan; the 
prevalence was highest in aboriginal townships 
and lowest in metropolitan precincts. This strik- 
ing variation in anti-HAV prevalence in different 
geographical locations and at different urbaniza- 
tion levels remained significant in multiple logis- 
tic regression analysis. The HBsAg prevalence 
was significantly higher in aboriginal townships 
than in rural and urban townships and metropol- 
itan precincts. In addition, HBsAg prevalence 
was related inversely to  the number of physi- 
cians per 1,000 population. The prevalence of 
both anti-HAV and HBsAg declined significantly 
during the last decade in Taipei City and County. 
The decrease in anti-HAV prevalence may be due 
to  improvements in environmental hygiene, wa- 
ter supply, and food sanitation, while the decline 
in the HBsAg carrier rate may result from the use 
of disposable needles and syringes as well as 
screening for HBsAg in blood banks. 
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INTRODUCTION 
Taiwan is a hyperendemic area for hepatitis A and B 

viruses. Until 1980, the seroprevalence of hepatitis A 
virus (HAV) infection was higher than 90%, with most 
HAV infection occurring during childhood [Wu et al., 
1980a; Hwang et al., 1983; Sung et  al., 19801. A strik- 
ing decline in the prevalence of HAV infection was 
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observed among children in Taipei City in 1984 [Hsu et 
al., 19851. However, the secular trend of HAV preva- 
lence outside the capital city has never been examined. 
Significant geographical variation in HAV infection 
prevalence in different areas of Taiwan has been re- 
ported, and the HAV prevalence among children was 
related inversely to maternal educational level [Chen 
et al., 19901. Due to Taiwan’s economic boom during 
recent years, there have been obvious improvements in 
environmental hygiene, sewage disposal and water 
supply [Department of Health, 19901. Therefore, it is 
postulated that HAV infection prevalence in Taiwan 
might decline further in both rural and urban areas 
during the 1990s. 

Hepatitis B virus (HBV) is highly prevalent in Tai- 
wan; the HBV infection rate is as high as 90% and the 
HBV surface antigen (HBsAg) carrier rate is 15-20% 
among adults in the general population [Beasley, 1975; 
Wu et al., 1980bl. To intervene in the transmission of 
HBV among the general population and to prevent the 
subsequent occurrence of chronic liver disease includ- 
ing cirrhosis and hepatocellular carcinoma, a stepwise 
mass vaccination program has been implemented in 
Taiwan since 1984 [Hsu, 19901. Only neonates born to 
HBsAg carrier mothers were vaccinated from July 
1984 to June 1986, but all neonates have been immu- 
nized since July 1986. However, the reasons for hyper- 
endemicity of HBV in Taiwan before the vaccination 
campaign remain to be elucidated. Children of HBsAg- 
carrier parents and those who live in aboriginal areas 
have a higher HBV infection rate [Chen et al., 19901. In 
addition, horizontal transmission has been reported as 
an  important determinant of HBsAg carriage among 
children in Taiwan [Beasley, 1975; Stevens et al., 1975; 
Chung et al., 19891, but the secular trend and geo- 
graphical variation in the HBsAg carrier rate in Tai- 
wan have never been examined. 
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Fig. 1. The map of Taiwan showing 20 townships and metropolitan precincts (shaded) randomly 
selected in this study. 

With the specific aim of examining the secular trend 
and geographical variation in prevalence of HAV infec- 
tion and HBsAg carriage, 875 adolescents selected ran- 
domly from 20 townships and precincts were studied. 

SUBJECTS AND METHODS 
In order to obtain a representative sample of junior 

high school children in Taiwan, stratified random sam- 
pling was used to select 20 townships and precincts as  
shown in Figure 1. Junior high school children were 
chosen as study subjects for the following reasons: (1) 

the prevalence of HAV infection and HBsAg carriage 
has been reported in previous studies to reach a peak at  
age 18 or above. It was considered more appropriate to 
study the prevalence of age groups before the peak in 
order to make comparisons between different time peri- 
ods or geographical areas. (2) The junior high school 
attendance rate in Taiwan was as  high as  9570, while 
the senior high school attendance rate was less than 
75% [Department of Interior, 19901. Therefore, we were 
more likely to recruit representative samples from the 
junior high schools. (3) Adolescents in junior high 
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TABLE I. Prevalence of Anti-HAV bv Urbanization Level and Geoaauhical Location 

Variable 
Urbanization Level 

Metropolitan precinct 
Urban township 
Rural township 
Aboriginal township 

Geographical Location 
North 
Central 
South 

Total 

HAV positive no. 
/tested no. 

10175 
281158 

1861587 
52155 

181170 
741308 

1841397 
2761875 

Prevalence 
( %) 

13.3 
17.7 
31.7 
94.5 

10.6 
24.0 
46.3 
31.5 

95% (2.1." of 
prevalence (%) 

5.6-2 1 .O 
1 1.8-23.7 
27.9-35.5 
88.4-100.5 

6.0-15.2 

41 . P 5  1.3 
28.5-34.6 

19.3-28.8 

"C.I.: Confidence interval 

schools were the latest birth cohorts who had not been 
immunized against HBV at birth. Thus, there was no 
bias in their HBsAg carrier rate caused by the vaccina- 
tion. Eight-hundred and seventy-five junior high school 
children aged between 13 and 16 years (Mean 2 
standard deviation = 14.3 2 1.0) were recruited for the 
study. 

Blood samples were collected from the subjects dur- 
ing January to May 1991, using disposable needles and 
vacuum syringes. Serum samples were centrifuged, 
separated into aliquots, and stored at -70°C until ex- 
amined. Antibody to HAV (anti-HAV) and HBsAg in 
serum were examined by enzyme immunoassay using 
commercial reagents (Abbott Laboratories, North Chi- 
cago, IL) according to the manufacturer's manuals. 

The prevalence and the 95% confidence intervals 
were estimated €or anti-HAV and HBsAg carriage, re- 
spectively. The differences in the prevalence of HAV 
infection or HBsAg carriage in various strata of inde- 
pendent variables including urbanization level, geo- 
graphical location, or number of physicians per 1,000 
population were tested for statistical significance by 
the chi-square test. Multiple logistic regression analy- 
sis was used to estimate the adjusted odds ratios. 

To assess the secular trends in HAV prevalence and 
HBsAg carrier rate, results of previous studies carried 
out on subjects of the same age range in the same geo- 
graphical location, i.e., Taipei City and County [Wu 
et al., 1980a,b, 1982; Hwang et al., 1983; Sung et al., 
1980; Hsu et  al., 19851 were compared with the results 
from the present study. 

RESULTS 
HAV Infection Prevalence 

The overall prevalence of anti-HAV was 31.5%, with 
a range of 6.8 to 94.5% in the 20 study townships and 
precincts. The associations between anti-HAV preva- 
lence and urbanization level and geographical location 
are shown in Table I. The prevalence was as high as 
94.5% in aboriginal townships, 31.7% in rural town- 
ships, 17.7% in urban townships, and as low as  13.3% in 
metropolitan precincts. The prevalence increased from 
10.6% in northern Taiwan, to 24.0% in central Taiwan, 
to 46.3% in southern Taiwan. The results of multiple 
logistic regression analysis of HAV prevalence are 

TABLE 11. Multiple Logistic Regression Analysis 
of HAV Prevalence 

Variable Comparison OR" 
Geographical Location North 1.00 

Central 2.16"" 
South 3.49""" 

Urban township 1.20 
Rural township 1.20 

Urbanizational Level Metropolitan precinct 1.00 

Aboriginal township 2.97* 

"OR Odds ratio. 
"0.05 < P < 0.1. 
**P < 0.01 < P < 0.05. 
*o:*p < 0.01, 

shown in Table 11. The urbanization level-adjusted 
prevalence odds ratios (ORs) were 3.5 and 2.2, respec- 
tively, in southern and central Taiwan, when compared 
with northern Taiwan as the reference (OR = 1.0). Af- 
ter adjusting for geographical location, the prevalence 
ORs were 3.0, 1.2, and 1.2, respectively, for aboriginal 
townships, urban townships, and rural townships com- 
pared with metropolitan precincts as reference. 

HBsAg Carrier Rate 
The overall HBsAg carrier rate was 18.9%, with a 

range of 8.0 to 41.8% in the 20 study townships and 
precincts. The association between HBsAg carriage and 
urbanization level and geographical location are shown 
in Table 111. The rate was as  high as 41.8% in aboriginal 
townships, 19.1% in rural townships, 12.0% in urban 
townships, and as low as 14.7% in metropolitan pre- 
cincts. There was no difference in HBsAg carriage rate 
in different geographical locations; the rates were 
18.8%, 18.5%, and 19.1%, respectively, in northern, 
central, and southern Taiwan. Results of multiple lo- 
gistic regression analysis of HBsAg carrier rate are 
shown in Table IV. The multivariate-adjusted OR of 
HBsAg carrier status was 3.2 for aboriginal school chil- 
dren as  compared with those in nonaboriginal town- 
ships as the reference. No significant association was 
observed for geographical location with an OR of 1.1 
and 0.7 for central and southern Taiwan, respectively, 
as compared with northern Taiwan as  reference. There 
was a significant inverse relationship between the HB- 
sAg carrier rate and number of physicians per 1,000 
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TABLE 111. Prevalence of HBsAg by Urbanization Level and Geographical Location 

Variable 

Urbanization Level 
Metropolitan precinct 
Urban township 
Rural township 
Aboriginal township 

Geographical Location 
North 
Central 
South 

Total 
"C.1.: Confidence interval 

HBsAg positive no. Prevalence 
/tested no. (%) 

11175 
191158 

1121587 
23155 

14.7 
12.0 
19.1 
41.8 

321170 18.8 
571308 18.5 
761397 19.1 

1651875 18.9 

TABLE IV. Multiple Logistic Regression Analysis of 
HBsAe Prevalence 

~ 

Variable Comparison OR" 

Number of physicians 3 3.0 physiciansl1,OOO 1.00 
per 1,000 population pop. 

2.0 0.8 
1.0 1.6" 
< 1.0 physicianl1,OOO 2.04'" 

Central 1.1 
South 0.66" 

Aboriginal township 

POP. 
Geographical location North 1.00 

Urbanization level Nonaboriginal township 1.00 3.2 "4:" 

'OR Odds ratio 
' 0  05 L P < 0 1 
l 0 0 1 < P  0 0 5  
' ' P .  0 0 1  

TABLE V. Comparison of HAV Prevalence Among Junior 
High School Children in Taipei City and County by 

Calendar Years 

Blood collection HAV 
Prevalence 

Authors I vearl Year Area (%J) 

Wu et al. I19801 NA" Taipei County 91.5 
Hwang et al. 119831 1975-6 Taipei City 89.2 
Sung et al. I19801 1976-8 Taipei City 78.9 
Wu et a]. I19821 1979 Taipei City 61.8 
Hsu et al. 119851 1984 Taipei City 13.6 
This study I1993 I 1991 Taipei City 10.1 

and Countv 

."A: not available. 

population; ORs were 0.8, 1.6 and 2.0 for areas where 
the numbers of physicians per 1,000 population were 2, 
1 and less than 1, respectively, when compared with the 
areas where there were more than 3 physicians per 
1,000 population. 

Secular Trend in Taipei City and County 
The secular trend of HAV prevalence among adoles- 

cents in Taipei City and County is shown in Table V. 
The HAV prevalence in Taipei has declined signifi- 
cantly since the 1970s. The prevalence decreased sig- 
nificantly from 91.5 to 61.8% during the 1970s, and 

95%. (2.1." of 
prevalence ('%I 

6.7-22.7 
7.0-17.1 

15.9-22.3 
28.8-54.9 

12.9-24.7 
14.2-22.8 
15.3-23.0 
16.3-21.4 

TABLE VI. Comparison of HBsAg Carrier Rate Among 
Junior High School Children in Taipei City and County by 

Calendar Years 

Blood collection HBsAg 
carrier rate 

Authors lvearl Year Area (56) 

Wu et al. 119801 NA" Taipei County 25.5 
Sung et al. 119841 NA Taipei City 20.9 
Hsu et al. 119863 1984 Taipei City 11.7 
This studv 119931 1991 TaiDei Citv 11.4 

,"A: not available. 

dropped further down to 13.6% in 1984. However, the 
HAV prevalence has declined by only 2.5% during the 
last seven years. The secular trend of HBsAg carrier 
rate is shown in Table VI; the rate among adolescents 
in Taipei City and County declined significantly from 
25.5% in the late 1970s to 13.9% in this study. 

DISCUSSION 
HAV is transmitted mainly by the fecal-oral route 

[Dienstag et  al., 1978; Benenson, 19901. Accordingly, 
the prevalence of HAV infection is determined by con- 
ditions of environmental hygiene including sewage dis- 
posal, water supply, and food hygiene IChen et al., 
1990; Hsu et  al., 1985; Hwang et al., 19831. Before the 
economic boom which started in the mid-l970s, sewage 
disposal and the water supply system were not satisfac- 
tory in Taiwan. Furthermore, human excreta and sew- 
age sludge were used for fertilizing both dry and muddy 
crop fields. Surface and well water were both used as 
drinking water before the availability of water supply 
networks. Consequently, HAV infection in Taiwan has 
been as high as  more than 90% among adults [Sung 
et al., 1980; Wu et al., 1980b, 19821, with peak preva- 
lence at the age of 20 years [Sung et  al., 1980; Wu et  al., 
1980al. 

In the present study, the increase in HAV prevalence 
from the subtropical north to the tropical south of Tai- 
wan may be due to increase in temperature and other 
conditions which are more suitable for transmission of 
HAV in the environment. The striking difference in 
HAV infection prevalence in areas of different urban- 
ization levels may be due to their conditions of sewage 
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disposal and water supply. The extraordinarily high 
prevalence in aboriginal areas may be due to the poor 
environmental hygiene and drinking water sanitation. 
Most residents in aboriginal areas obtain drinking wa- 
ter from rivers or lakes which are frequently contami- 
nated with human excreta. 

The significant decline in HAV prevalence in Taipei 
City in recent years may be due to the increased avail- 
ability of a clean water supply, better management of 
food hygiene, reduced use of “night soil” as fertilizer, 
and an improved sewage disposal system. The coverage 
of piped water supply in Taipei City increased from 92% 
in 1976 to 99% in 1990. However, it is noteworthy that 
the prevalence of HAV infection has remained at 
around 10% in Taipei City since 1985. An investigation 
of possible transmission routes is required for further 
control of HAV infection in Taipei and Taiwan gener- 
ally. Furthermore, as  the level of HAV infection be- 
comes progressively lower in Taiwan, there will be a 
rapid increase in the density of susceptible people in the 
general population in Taiwan. In order to prevent fu- 
ture outbreaks of HAV, vaccination against HAV is 
necessary. 

HBV is transmitted in Taiwan by both perinatal and 
horizontal routes. In the 1970s, the HBV infection rate 
was as high as 90%, with an HBsAg carrier rate of 20% 
among adults [Beasley, 1975; Wu et al., 19801. The 
age-specific HBV infection prevalence levelled after 20 
years old, and the HBsAg carried rate peaked even 
earlier at preschool ages [Sung et al., 19841. In other 
words, most HBsAg carriers in Taiwan were infected 
during early childhood [Sung et al., 1984; Hsu et al., 
1986; Beasley, 19751, and infection occurred either per- 
inatally or horizontally during the preschool years. In 
the present study, the secular trend of HBsAg carrier 
rate in Taipei City and County showed a significant 
decline from 25% in 1980 to 11% in 1991. Neither pro- 
miscuity nor parenteral drug abuse were important in 
infection with HBV in carrier children. In addition, the 
HBsAg carrier rate was related inversely to the num- 
ber of qualified physicians per 1,000 population. How- 
ever, as the number of physicians may be correlated 
with the socioeconomic status and the degree of devel- 
opment of a given community, the inverse relationship 
between number of physicians and HBsAg prevalence 
requires further investigation. 

Aboriginal junior high school children were found to 
have a higher HBsAg carriage rate than those in other 
areas. This finding is consistent with those reported in  
other studies [Beasley, 1975; Chen et al., 1990; Chung 
et al., 19871. However, aborigines in Orchid Island, a 
small island located to the southeast of Taiwan, have a 
very low HBsAg carrier rate [You et al., 19901. It was 
concluded that the ethnic background itself was not 
associated with the high HBsAg carrier rate among 
aborigines in Taiwan Island. In this study, the high 
HBsAg carrier rate among aboriginal school children 
remained significant after adjustment for the number 
of physicians per 1,000 population and geographical 
locations. In addition to the high HBsAg prevalence in 
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aboriginal areas fChung et al., 19871, some other fac- 
tors may account for the increased HBsAg carrier rate 
among aborigines. From the public health point of 
view, mass HBV vaccination is of particular impor- 
tance in aboriginal areas. 
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