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Abstract. The incidence of Japanese encephalitis (JE) decreased sharply after the national vaccination program was
implemented in Taiwan in 1968. However, cases of JE still occur. The purpose of this study was to assess the epide-
miology and vaccination policy for JE in Taiwan. We analyzed the data on JE cases reported to the Taiwan Centers
for Disease Control (Taiwan CDC) between 2000 and 2014. During the 15-year study period, a total of 4,474 cases
were reported to the Taiwan CDC. Of these, 379 (8.5%) were classified as confirmed cases, and 4,095 (91.5%) were
classified as suspected cases. The incidence of JE ranged from 0.59 to 1.61 per 1,000,000 people and peaked in 2007.
Men had a higher incidence of JE than women (1.37 versus 0.84 per 1,000,000; P = 0.03). Patients who were 40-59 years
of age had a higher incidence than did patients younger than 20 years (1.82 versus 0.23; P < 0.001). Patients who
lived in the eastern region of Taiwan had the highest incidence rate of JE (P < 0.001). Compared with those who were
not vaccinated with the JE vaccine, patients who received four doses of JE vaccine had a lower risk of suffering from
death and/or hospitalization (adjusted odds ratio: 0.26; 95% confidence interval: 0.08—0.90; P = 0.04). JE is still a pub-
lic health problem in Taiwan, and monitoring JE via diagnostic testing to determine the best vaccination program along

with enforcing JE vaccine boosters for adults is necessary to eliminate JE in Taiwan.

INTRODUCTION

Japanese encephalitis (JE) is an important cause of viral
encephalitis in most Asian countries, particularly in south
Asia, southeast Asia, and east Asia.! It is estimated that
67,900 cases occur annually, with a fatality rate ranging
from 20% to 30%."2 The Japanese encephalitis virus
(JEV) belongs to the genus Flavivirus, family Flaviviridae,
and has a single-stranded, positive-sense RNA genome
thatis ~11 kb in Iength.3 Currently, the most common sero-
logical techniques for the diagnosis of JEV infection are IgM
and 1gG antibody-capture enzyme-linked immunosorbent
assays (MAC and GAC ELISAs, respectively). Both of these
assays detect antibodies directed toward the membrane (M)
and envelope (E) structural proteins of flaviviruses.® The
main transmission vectors of the JEV are Culex mosquitoes,
particularly Culex tritaeniorhynchus, and the main vertebrate
hosts for amplifying JEV are pigs and ardeid birds.>* The
illness spectrum of JE for humans ranges from asymptom-
atic infections to a devastating encephalitis syndrome that
is associated with appreciable mortality and frequent cen-
tral nervous system sequelae in survivors.® Since child-
hood JE vaccination programs are not fully implemented
across the geographic range of the JEV, in contrast to the
pre-vaccination era, the target population for infections has
shifted from children to adults in Taiwan.'-?

Taiwan has a population of approximately 23 million
people and a population density of 635/km?. The majority
(95%) of the population lives in the western region of Taiwan,
which is divided into the northern, central, and southern
regions. Only 5% of the population lives in eastern Taiwan,
where medical care is substandard and the socioeconomic
status is classified as low. The Taiwanese government
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launched a comprehensive vaccination campaign against JE
in the 1960s, during which all children younger than 3 years
received two doses of the JE vaccine. After 1974, the
number of vaccination doses was increased to three, with
a booster dose administered 1 year after the two primary
doses. After 1976, a fourth booster dose was administered
to children during their first year at elementary school. After
1980, the target population for JE vaccinations was mainly
children older than 15 months. The vaccination was admin-
istered in two doses separated by an interval of 2 weeks,
which were administered between March and May, before
the epidemic season, and were followed by a booster dose
1 year later, with a final booster dose (the fourth dose) when
the child entered the first year of elementary school.®” Before
1987, an inactivated vaccine derived from a Nakayama
strain JEV-infected mouse brain was the only vaccine used.
A version derived from an inactivated freeze-dried Beijing
strain was introduced in 1988, but the Nakayama strain
of the vaccine has remained the dominant vaccine on the
market. Despite the current vaccination program, cases of
JE still occur in Taiwan. Although the epidemiology of the
disease is changing, the persistent occurrence of JE cases
requires careful monitoring. The disease burden caused by
JEV needs to be addressed, and effective public health mea-
sures should be adopted in Taiwan. The objectives of this
study were to explore the epidemiology and vaccination pol-
icy for JE in Taiwan based on population surveillance data
collected over a 15-year period.

METHODS

Data sources. Since 1955, the National Notifiable Diseases
Surveillance System (NNDSS) has reported JE cases to the
Centers for Disease Control of Taiwan (Taiwan CDC).%® Physi-
cians are required to report all cases that meet the case defini-
tion of JE, collect samples, and send them to the Taiwan
CDC within 1 week of the case being reported for examina-
tion.® After the reports are received, an epidemiological team
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(field epidemiologist, entomologist, public health nurse) is
assigned to perform a patient follow-up, verify the diagnosis,
acquire complete patient information, and ensure vector control.

We collected all JE-related data reported to the NNDSS
at the Taiwan CDC from January 2000 to December 2014.
The reported information included patient age, sex, area of
residence, geographic location of exposure, personal con-
tact, travel history, vaccination status, and date of JE onset.
If the patient had been vaccinated, the vaccination date and
number of doses received were also reported. In addition,
clinical details were reported, including signs/symptoms and
disease outcome (either complications or death). Serum and/
or cerebrospinal fluid (CSF) samples were collected from the
patients for a serological confirmation of the diagnosis.
Serological testing was performed by the virus laboratory of
the Taiwan CDC.

Institutional review board approval for this study was
obtained from the National Cheng Kung University Hospital.

Case definitions. A clinical case was defined as a person
of any age with an acute onset of fever and a change in
mental status and/or a new onset of seizures (excluding sim-
ple febrile seizures) at any time of the year.®®°

A suspected case was defined as a case that met the
clinical case definition in which diagnostic testing was
performed but the etiological agent of JE was not found or
the test results were indeterminate.®®

A confirmed case was defined as a clinical case with a
positive laboratory test (presence of IgM antibodies specific
to the JE virus in a single sample of CSF or serum; and/or a
4-fold increase in IgG antibodies; and/or the detection of JE
virus antigens in tissue via immunohistochemistry or the
detection of the JE virus genome in serum, plasma, blood,
CSF, or tissue or that met the clinical case definition and
was epidemiologically linked to a confirmed case).®®

Laboratory tests. In 1998, an E/M-specific capture IgM
and IgG enzyme-linked immunosorbent assay (E/M-specific
IgM/IgG ELISA) for JE and dengue fever (DF) was devel-
oped by the Taiwan CDC.”"° Antibodies against both JE and
DF are screened using hemagglutination inhibition (HI)'"'2
or an E/M-specific IgM/ IgG ELISA."™® A differential testing
algorithm was used as described in previous study,' in
which samples that tested positive in the JE ELISA were sub-
sequently tested using the DF ELISA, and the results of both
tests were considered in the final interpretation of the data.
Positive results in the JE ELISA and negative results in the
DF ELISA indicated the presence of JEV antibodies only,
whereas positive results in both tests indicated a false-
positive JE result. A long-term evaluation revealed that the
E/M-specific IgM/IgG ELISA is highly sensitive and specific
and that it can effectively differentiate JEV infections from
dengue virus infections."® Since 2001, acute-phase serum
obtained within 7 days and CSF from individuals with JE
have been used for diagnoses via real-time polymerase chain
reaction (PCR) analyses'#; however, the E/M-specific IgM/
IgG ELISA remains the primary method of diagnosis. The
JE laboratory confirmed that clinical cases that meet one of
the following specific laboratory criteria should be defined as
confirmed cases of JE: 1) an HI titer of the convalescent
serum of 1:160 and at least a 4-fold increase between the HI
titers of convalescent and acute sera'’'%; 2) an HlI titer from
a single serum sample of 1:320'"'2; 3) an IgM-positive serum
sample as determined based on an ELISA test, or the IgG of

paired serum samples exhibiting a 4-fold increase'?; 4) a
sample that exhibits a positive real-time PCR reaction'?; or
5) a sample positive for indirect immuno-fluorescence antibody
staining after isolating the virus from CSF.'?'® Cell culture tech-
niques using a mosquito C6/36 cell line or plaque assays using
the BHK-21 cell line were used for virus isolation.'® Viral RNA
was exacted from the JEV-infected culture medium using the
QIAamp Viral RNA Mini Kit (Qiagen, Germantown, MD).'®

Statistical analysis. The annual incidence rate of JE was
calculated by dividing the number of confirmed JE cases
by the number of individuals in the total population of
the same age as reported in Taiwan’s census between 2000
and 2014 and is expressed as the number of JE cases per
1,000,000 people. Age-specific incidence rates were esti-
mated for the following age groups: < 9 years, 10-19 years,
20-29 years, 30-39 years, 40-49 years, 50-59 years, and
> 60 years. All statistical analyses were performed using SAS
V.9.2 (SAS Institute Inc., Cary, NC). We used ¥? tests with
Yates’ correction for categorical data and Student’s t tests
for continuous data. The accepted level of significance for all
analyses was P < 0.05.

RESULTS

Surveillance. Figure 1 shows the number of cases (suspected
and confirmed cases) of JE reported to the Taiwan CDC
between January 2000 and December 2014. The annual num-
ber of reported cases varied yearly (range: 244—400 cases per
year). The highest number of cases occurred in 2001 (400
reported cases), and the lowest occurred in 2013 (244 reported
cases). For confirmed JE cases, seasonal peaks occurred
every year during the summer and autumn during the 15-year
study period. The mean number of confirmed JE cases was
25, and the number varied annually (range: 13-37 cases per
year). The highest number of confirmed cases occurred in
2007 (37 cases), and the lowest occurred in 2000 (13 cases).
The JE-positive rate among reported cases was 3.4% in
2000, 8.3% in 2001, 6.1% in 2002, 8.1% in 2003, 10.0%
in 2004, 11.4% in 2005, 11.5% in 2006, 14.1% in 2007, 6.5%
in 2008, 6.9% in 2009, 9.7% in 2010, 7.9% in 2011, 11.1% in
2012, 6.6% in 2013, and 7.3% in 2014; the mean annual
JE-positive rate among reported cases was 8.5%.

Morbidity. During the study period, a total of 4,474 JE
cases were reported to the Taiwan CDC and underwent a
laboratory evaluation to confirm JE. Of these, 379 (8.5%) were
classified as confirmed cases, and 4,095 (91.5%) were classi-
fied as suspected cases. The demographic characteristics of
the confirmed JE cases are presented in Table 1. The male-to-
female ratio was 1.7:1, and the median age was 40 years
(range: < 1 to 80 years). The highest number of cases was
in the 40—49 years age group (24.5%) and lowest was in the
< 9 years age group (1.8%). The number of patients was differ-
ent for the different regions of Taiwan, with the highest number
in the southern region (42.7%) and lowest in the eastern region
(11.1%). Of the patients, 171 (45.1%) had received four doses
of vaccine, and 47 (12.4%) were unvaccinated. The number of
hospitalized cases was 331 (87%), and there were 27 deaths;
a fatality rate of 7.1% (Table 1).

The incidence of confirmed JE cases is shown in Figure 2A.
Overall, the average annual incidence rate was 1.10 per
1,000,000 from 2000 through 2014 in Taiwan; the highest
annual incidence rate was 1.61 per 1,000,000 in 2007, and
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Ficure 1.  Number of suspected and confirmed cases of Japanese encephalitis in Taiwan by quarter, 2000-2014.

lowest was 0.59 per 1,000,000 in 2000 ()(2 test for a linear
trend = 0.05; P = 0.82).

Men had a higher average annual incidence rate than
women between 2000 and 2014 (1.37 versus 0.84 per
1,000,000; P = 0.03). For men, the lowest annual incidence
rate was 0.79 in 2002, and the highest was 2.16 in 2005
()(2 test for a linear trend = 0.03; P = 0.86). For women, the

TaBLE 1
Demographic characteristics of JE in Taiwan, 20002014
Variables N %

Sex

Male 237 62.5

Female 142 37.5
Age group (years)

<9 7 1.8

10-19 13 3.4

20-29 46 121

30-39 87 23.0

40-49 93 24.5

50-59 85 22.4

> 60 48 12.7
Imported cases

Yes 6 1.6

No 373 98.4
Region of residence

Northern 85 22.4

Central 90 23.7

Southern 162 42.7

Eastern 42 111
JE vaccination status

4 doses 171 451

3 doses 79 20.8

2 doses 82 21.6

Not vaccinated 47 12.4
Hospitalization

Yes 331 87.3

No 48 12.7
Death

Yes 27 71

No 352 92.9

JE = Japanese encephalitis.

lowest annual incidence rate was 0.28 in 2000, and the
highest was 1.59 in 2007 (x> test for a linear trend = 0.28;
P = 0.60). There was no significant change in the annual
incidence rates of JE in men and women during the 15-year
study period (P > 0.05 for both) (Figure 2A).

The annual incidence rates of JE cases among various age
groups are shown in Figure 2B. We divided the age groups
into four categories (< 20 years, 20-39 years, 40-59 years,
and > 60 years). During the study period, the incidence
of JE was higher among people 20 years or older than it
was among those under 20 years. Annual incidence rates
increased as age increased, demonstrating a peak incidence
rate in the age group of 40-59 years and lowest in the age
group of less than 20 years (1.82 versus 0.23 per 1,000,000;
P < 0.001). There was no significant change in the annual
incidence rates of JE in all age groups (P > 0.005 for all).

Figure 2C shows the incidence rates for the four regions of
Taiwan. The eastern region had the highest overall incidence
rate (4.83 per 1,000,000); however, for the years 2000-2001,
2003, and 2013-2014, it was on par with the rates in other
regions. The lowest incidence rate (0.49 per 1,000,000) was
observed in the central region.

Risk factors for mortality and/or hospitalization. Table 2
presents the results of a multiple logistic regression analysis
of risk factors associated with mortality and/or hospitalization
among patients with JE infections. Compared with those who
were not vaccinated with the JE vaccine, patients who received
four doses of JE vaccine had a lower risk of suffering from death
and/or hospitalization [adjusted odds ratio: 0.26; 95% confi-
dence interval [Cl]: 0.08-0.90; P = 0.04]. Other risk factors,
including sex, age groups, and resident region, were not signifi-
cantly associated with death among patients with JE infections.

DISCUSSION

Using the national surveillance database, this study pro-
vides an estimate of JE morbidity and mortality in Taiwan
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Ficure 2. Incidence of confirmed Japanese encephalitis among patients in Taiwan according to (A) sex, (B) age, and (C) region by year from

2000 to 2014.
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TABLE 2

Multiple logistic regression analysis of factors associated with
death among patients with JE in Taiwan, 20002014

Variables AOR 95% ClI P value

JE vaccination status
4 doses 0.26 0.08-0.90 0.04
3 doses 1.01 0.23-4.43 0.71
2 doses 1.05 0.24-4.61 0.75
0 dose 1.00

Sex
Female 1.37 0.62-3.01 0.72
Male 1.00

Age groups (years)
> 30 5.89 0.78-44.19 0.62
<30 1.00

Region of residence
Central 0.34 0.10-1.22 0.31
Southern 0.88 0.33-2.33 0.24
Eastern 1.02 0.28-3.72 0.39
Northern 1.00

AOR = adjusted odds ratio; Cl = confidence interval; JE = Japanese encephalitis.

from 2000 to 2014. The results detail the overall incidence
rates for JE as well as age-specific rates and the vaccina-
tion status of patients. The epidemiological evidence sup-
ports the conclusion that JE is still a public health concern
in Taiwan.

The study of Hsu and others” shows that the highest inci-
dence rates of JE were in the people aged 0-29 years from
1966 to 1970; the incidence rates were similar for age groups
(< 30 and > 30 years) between 1992 and 2000; however, after
2001, the highest incidence rates shift to ages > 30 years.
The age of JE occurrence shifted from a younger age group
to an older age group. Similar to the results of a previous
study,” this study found that the number of JE cases reported
between 2000 and 2014 in Taiwan was far below that of the
pre-vaccination era, when at least 5-15 times more cases
were reported annually (the average number of JE cases
reported in 1968 was 200).® The incidence of JE was higher
among people 20 years or older than it was among those
under 20 years. We did an advanced analysis and found the
incidence rates of JE increased as age increased, with a
peak incidence rate in the age group of 40-59 years. The
previous study’ shows that the positive rates of JE neutral-
izing antibodies in Taiwanese people were 74%, 63%,
55%, 54%, 68%, and 86% among 1981-1986, 1976—1980,
1970-1975, 1963-1969, and 1912-1952 cohorts, respec-
tively. The countries neighboring Taiwan have confronted
similar problems, with the majority of JE cases shifting from
children to adults. Seventy-eight percent of confirmed JE
cases in Japan occurred in people 40 years or older.’ In
Korea, 86.7% of the confirmed cases were in adults older
than 40 years."® However, we performed a more detailed
analysis here on the incidence rates of JE in the four
regions of Taiwan and found that incidence rates were vari-
able in the different regions (Figure 2C), which resulted in
providing us more information about the risk of JE infections.

JE has historically been a childhood disease’®: so, why
did people 20 years or older have a higher incidence of JE
over the period examined in this study? A possible explana-
tion is that vaccine-induced immunity wanes over time,
regardless of the number of doses received. The JE vacci-
nation campaign in Taiwan has been running for more than
40 years, and the continual changes to the immunization

policy ensures that various birth cohorts have received dif-
ferent doses of the JE vaccine. The results reported here
might have been caused by the loss of antibodies because
individuals received their last dose long ago or received
fewer than four doses of the vaccine. Because the immuni-
zation program is national and compulsory, two- and three-
dose schedules have achieved a coverage rate greater than
80%, and the coverage of the four-dose schedule has
exceeded 95%.%7 Our study found that the patients who
received four doses of the JE vaccine had a lower risk of
mortality and/or hospitalization compared with those who
were not vaccinated with JE vaccine. A previous study
showed that in people aged < 51 years who were vacci-
nated, the positive antibody rates decreased as people
aged”g; for those who received four doses of the vaccine,
the positive antibody rate was 63% for the 16-20 years
since the last booster dose”'®; for people who received
two or three doses, the positive antibody rate was 54%
after more than 20 years since the last booster dose.”"'®

Another possible reason is that there has been a dramatic
shift in the dominant genotype of the JEV from Glll to Gl circu-
lating in Taiwan over the past two decades.’®?%?" It has been
found that antibodies elicited by JE-VAX (Nakayama strain)
among Taiwanese children show reduced neutralizing potency
against the genotype of the emerging Gl JEV strain.??

Taiwan has been using an inactivated mouse brain
Nakayama-NIH vaccine strain since 1968, except for the brief
use of an inactivated freeze-dried Beijing vaccine strain in
1988. It has been reported that the JE-VAX had several dis-
advantages, including vaccine-induced adverse events and
the need for two or three primary doses plus boosters 2324
Several new cell-culture-derived JE vaccines have been pro-
duced since 1989,252% and determining which vaccine pro-
vides the best way to reduce the occurrence of adult cases
of JE is critical to the control and prevention of JE in Taiwan
in the future.

In our study, male patients had a higher annual inci-
dence rate of JE than female patients (1.37 versus 0.84
per 1,000,000). The study by Hsu and others shows the
odds of presenting JE neutralizing antibodies are higher in
male than in female (ratio: 1.25, 95% CI: 1.12-1.40) in
Taiwanese people.” However, no sex differences were reported
in the incidence of JE cases in India.® We are unable to
explain this epidemiological finding in Taiwan but postulate
that contributing factors may include different behavioral
patterns or different reporting patterns.

In our study, a high percentage (42.7%) of JE cases
occurred in the southern region of Taiwan. There are sev-
eral possible reasons for this, which are discussed as fol-
lows: 1) In Taiwan, most confirmed cases of JE involved
patients who lived near paddy fields or pig farms,'® and
southern Taiwan is an agricultural region. Compared with
other region, there are more pig farms near rice paddy
fields and wetland habits for water birds in southern
Taiwan. These provide suitable environments for maintaining
the JEV infection cycle.'®?” 2) In Taiwan, almost all DF
cases (approximately > 95%) over the last decade occurred
in the southern region of Taiwan.®” This fact and the high
proportion of JE cases suggest that mosquitoes and the JE
virus are well adapted to this region. 3) Finally, the higher
proportion of cases in the southern region of Taiwan is also
a reflection of the population numbers.
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In contrast, this study found that the eastern rural areas
had the highest overall incidence rate except in 20002001,
2003, and 20132014 (Figure 2C). The explanation for this
interesting trend is unclear. However, we have not yet
further investigated the possible epidemiological or pub-
lic health factors that underlie these dramatic differences.
Furthermore, the lower overall number of cases in this region
could be a result of the low population density (104/km?)
and may indicate that the extent of natural infection is sub-
stantially affected by the degree of urbanization and that it
is the result of accumulated exposure.

Notably, only 27 deaths, with a fatality rate of 7.1%, were
attributable to JE over the 15 years of surveillance in
Taiwan. Compared with results of previous studies,® the
fatality rate of JE in Taiwan was very low (20-40% versus
7.1%). The lower fatality rate in Taiwan may be due to the
national health insurance system, through which people
have greater access to hospital services.

Our study has several limitations. First, the data were
obtained via a surveillance-based method, where the com-
pleteness of reporting is important in determining the
impact of a disease. Second, most cases were diagnosed
by physicians according to clinical presentations and lab-
oratory tests. Misdiagnoses and the underestimation of
cases likely occurred because adequate specimens were
not always collected. Nonetheless, this information is a rea-
sonable substitute for population-level data.

In conclusion, most cases of clinically diagnosed JE in
Taiwan do not have a JEV infection, and there appears to
be waning protection if people are not revaccinated.
Although the incidence rates of JE have decreased consid-
erably since 1971, this disease remains a public health
challenge in Taiwan. JE cases have shifted from children
to adults. Monitoring JE via diagnostic testing and deter-
mining the best new vaccination program to reduce the
occurrence of adult cases of JE is critical to the future con-
trol and prevention of JE in Taiwan.
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