Table 2. The incidence of JE cases by month in 1996-2003

Month Year - Total (%)
1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

JAN 20 17 43 24 16 10 25 i8 7 2 182 (0.20y
FEB 9 6 20 10 7 12 20 10 it 2 167(0.12)
MAR 21 37 40 18 15 21 45 30 27 12 266 (0.30)
APR 36 43 69 43 35 39 49 33 34 6 387 (0.43)
MAY 119 154 214 130 131 121 213 268 118 67 1,535(1.70)
JUN 639 584 797 826 520 498 874 956 430 696 6,820 (7.57)
JUL 2915 2,654 4,245 2,438 3,029 193 4,485 2,888 1,745 2,225 29,817 (33.08)
AUG 4,109 4,419 5079 3413 5,817 210 2,510 3,157 2,575 1,796 37,085 (41.14)
SEP 1,818 1,540 1,469 1,278 1,723 1,241 404 407 393 238 10,511 (11.66)
OCT 439 427 373 267 355 331 92 62 60 45 2451 (2.72)
NOV 127 106 101 76 88 90 42 25 16 6 677 (0.75)
DEC 56 73 40 33 43 29 10 6 6 2 298 (0.33)
Total 10,308 10,060 12,490 8,556 11,779 9,795 8,769 7,860 3422 5097 90,136 (100.00)
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Fig. 2. Seasonal distribution of JE case in China.

following seven provinces: Shanxi Province, Henan Prov-
ince, Anhui Province, Hubei Province, Hunan Province,
Jiangxi Province, and Guangxi Province. Between 2000 and
2002, the number of morbidities accounted for 20% of the
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cases nationwide (10,11,17-19).

The five provinces with an incidence >1/100,000 are
located in southwest and middle China and lie adjacent to
each other. The seven provinces with incidence between 0.5/
100,000 and 1/100,000 are located on the eastern periphery of
the abovementioned five provinces and are closely adjacent
to them. The combined JE morbidities of these 12 provinces
account for 80% of the total cases nationwide, whereas their
combined population constitutes only 40% of the national
population. In addition, the total number of JE morbidities in
mainland China has decreased significantly in recent years
compared to those reported in historical records, and the 5,097
cases reported in 2005 was the lowest annual figure to date.
However, despite this downward trend, the ratio of the num-
ber of morbidities in the 12 high- and moderate-incidence
provinces as a percentage of the national total cases is in-

Fig. 3. Geographic distribution of JE in China.
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creasing—from 82.7% in 1998 to 91.4% in 2002, and to
88.85% in 2005—demonstrating that the onset of JE is be-
coming more prevalent in these areas,

4-3. Slightly endemic areas

The average incidence in the slightly endemic areas is
considered to be between 0.1/100,000 and 0.5/100,000. The
areas include the following seven provinces: Shanxi Prov-
ince, Gansu Province, Jiangsu Province, Shandong Province,
Fujian Province, Guangdong Province, and Zhejiang Prov-
ince. In addition, there are a further 10 provinces and areas
with an incidence <0.1/100,000: Hebei Province, Ningxia
Province, Shanghai City, Liaoning Province, Inner Mongolia
Province, Hainan Province, Tianjin Province, Beijing City,
Jilin Province, and Heilongjiang Province (10,11,20-22).

4-4. Non-endemic areas

There have been no JE cases reported from three prov-
inces: Qinghai Province, Xinjiang Uygur Autonomous, and
Tibet, Although individual imported cases might be recorded
from these areas, they can still be regarded as non-endemic
(10,11,23).

According to the analysis of the annual incidence of JE
cases in each province, before the 1970s, the JE cases mainly
appeared in localities in the north of China, including Beijing
City, Tianjin City, Shandong Province, Shanghai City,
Zhejiang Province, Jiangxi Province, Fujian Province, and
Guangdong Province, and also trom coastal areas in the east
(10). However, the incidence in these areas has undergone a
significant recent decline, and at present the average inci-
dence is approximately 0.1/100,000. This reveals that the
endemic areas of JE have shifted from the eastern coastal
areas to the southwest and middle provinces. The current low
incidence of JE in the eastern coastal areas is mainly attrib-
uted to the rapidly developing economy of this region that
has resulted in a relatively high coverage of JE vaccination
(10).

5. Age and gender distribution

In terms of the age distribution of JE morbidity, JE cases
have been recorded in subjects in infancy to those over 75
years old (Figure 4). The proportion of 2-, 3-, and 4-year-
olds is relatively high, accounting for 10.88, 12.88, and
12.33% of all cases, respectively. Young patients under 6 years
of age accounted for 68.10% of the total cases. In the years
between 2000 and 2005, young patients under 15 years of age
accounted for 91.19, 91.26, 91.06, 90.14, 89.80, and 90.6%
of the total cases nationwide, respectively (11).

The age distribution of JE deaths is similar to that of mor-
bidities. Death cases have been recorded in all age groups,
with the highest proportion in 2-, 3-, and 4-year-olds, account-
ing for 10.69, 11.95, and 10.84% of total JE death cases, re-
spectively. JE deaths in patients under 15 years of age account
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Fig. 4. The proportion of JE cases by age 1996-2005, China.

for 83.7% of total deaths, and among these, deaths in patients
under 6 years of age account for 65.22% of JE fatalities.

The number of males among JE patients has exceeded that
of females, with a ratio of 1.3:1 in recent years (11).

6. Occupational distribution

The data on the occupational distribution of JE cases be-
tween 1996 and 2005 reveals that diaspora children account
for 54.51% of total morbidities and 54.72% of total mortali-
ties. According to reports in 2005, the occupation of morbid
patients is mainly diaspora children, students, and kindergar-
ten children, accounting for 88.5% of the total morbidities.
Among these, diaspora children accounted for 53.6%, stu-
dents for 23.4%, and kindergarten children for 11.5%, while
farmers accounted for 8.3% of all morbid patients. Mortalities
occwred mainly in diaspora children (50.3%), followed by
students (21.1%), farmers (15.8%), and kindergarten children
(7.0%) (11).

7. Prevalence of JEV isolates

JEV, a Flavivirus belonging to the family Flaviviridae, was
first isolated in Japan. JEV was first isolated in China in the
1940s (24-27). An inactivated form of the P-3 strain has been
used to develop a JE vaccine. Since its first discovery in China,
multiple strains of JEV have been isolated in the country.
Strain SA 14 was isolated from mosquitoes in China and has
been used to develop a live attenuated JE vaccine.

In recent years, multiple strains of JEV have been isolated
from the cerebrospinal fluid (CSF) and blood of Chinese JE
patients, as well as from mosquitoes and midges collected in
areas including Shanghai City, Yunnan Province, Guizhou
Province, Henan Province, Sichuan Province, Fujian Prov-
ince, Liaoning Province, and Heilongjiang Province. More-
over, a molecular biological study of JEV has been launched
(28-38).

By tissue culture methods, seven strains of JEV have been
isolated from Culex tritaeniorhynchus collected in the
suburban area of Shanghai City. All seven newly isolated
strains exhibit a positive reaction with standard JEV anti-
bodies. A molecular biological study has demonstrated that
each of these strains belongs to genotype 1 of JEV (30). This
is the first report of the isolation of genotype | JEV in China.

Genotypic analysis of 100 JE strains isolated in mainland
China revealed that they possessed two JEV genotypes (geno-
types 1 and 3). JEV genotype 3 strains are primary epidemic
strains, JEV genotype 1 has been known since 1979 (37).
Two JEV genotypes were detected in specimens from JE pa-
tients and from mosquitoes simultaneous with a JE outbreak
in Yuncheng Prefecture, Shanxi Province, in 2006 (38). The
genome analysis of two JEVs from bats in Yunnan, China in
1980 showed both virus isolates belonging to genotype 3.
The viruses have a close relationship with JEVs isolated
between mosquitoes and humans in the same region over 2
decades (39).

8. Control and prevention of JE

8-1. JE vaccine

Inoculation with an inactivated vaccine (P-3 strain) was
developed and has been used in China for vaccination since
the beginning of the 1970s. A JE live attenuated vaccine
(SA 14-14-2) has been used since the beginning of the 1990s,
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and its safety and efficacy have been evaluated (40,41). A
total of 300,000,000 people have been vaccinated with this
attenuated vaccine. Prior to 2006, a total of 16 provinces had
used JE vaccination as part of their immunization program;
local govermments provide the population with free JE vacci-
nation (42). Beginning in 2006, prevention and control of JE
in China has advanced with the integration of JE immuni-
zation into the Expanded Programme of Immunization (EPI)
in mainland China, especially in rural and underdeveloped
areas,

8-2. Surveillance of JE

In recent years, the government has paid great attention to
the prevention and treatment of JE. In 2004, the Ministry of
Health, China (MOH, China) advocated an increase in the
research on JE, and in 2006 announced a national surveil-
lance program for JE (43). At present, 22 surveillance sites
have been established in 13 provinces nationwide in order to
monitor JE epidemics, generally in areas with a high inci-
dence of JE. The surveillance includes case reports, close
monitoring of the nature of transmission media, pathogen
monitoring, and JE antibody monitoring among humans and
swine (43).

In recent years, the international society has augmented
the support to JE prevention in China. Since 2001, a program
of The Japan Health Science Foundation has supported
research in the “molecular epidemiological study of Japanese
encephalitis virus in China”. In 2005, the Program for Ap-
propriate Technology in Health (PATH) in America launched
a JE surveillance project in the highly endemic area of Shaanxi
Province, for which sera and CSF samples of local JE cases
have been collected for laboratory diagnosis. The WHO,
together with MOH, China, has launched an acute meningi-
tis and encephalitis surveillance (AMES) program in four
provinces (Hubei, Shandong, Guangxi, and Hebei).

9. Conclusion

The data indicate that the incidence of JE has been de-
creasing substantially: in 2008 for example, there were only
2,975 reported JE cases and 142 deaths in 25 provinces in
mainland China. The overall incidence of JE should decrease
even more due to the introduction of the JE vaccine into the
EPI system; nevertheless, JE currently remains also a high-
importance public health problem in China. Recently, the
tendency of the age distribution in JE morbidity has swung
toward teenage patients. The genotype of JEV has changed
from G3 only to Gl and G3, which means two genotypes are
circulating in China, Although the vaccine has been used in
newborns, the vaccine strategy should be adjusted according
to changes in the characteristics of the disease, especially in
terms of the local outbreaks of JE. Strengthening the sensi-
tivity of the surveillance system should also be an effective
way to control the disease.
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SUMMARY: Chikungunya fever is an arboviral disease caused by chikungunya virus. A 37-year-old Japanese
male visited India and developed fever, myalgia, rash, and persisting systemic arthralgia, the latter ot which
persisted for more than 2 months. The patient was diagnosed with chikungunya fever by virological and sero-
logical examinations. In the present study, we followed specific antibody responses over a 6-month period after
the onset of the disease. [gM antibody was detected on days 58 and 108, but not on day 137, by enzyme-linked
immunosorbent assay. Specific IgG and neutralizing antibodies were detected as late as day 192, The results
indicate that specific IgM lasts for 3 to 4 months from the onset of the disease, and that IgG lasts more than 6

months.

Chikungunya (CHIK) fever is an acute febrile illness caused
by mosquito-borne chikungunya virus (CHIKV) that belongs
to the genus alphavirus of the family Togaviridae. The main
symptoms of CHIK fever are high temperature, arthralgia,
headache and myalgia, and occasional rash. Polyarthralgias
or arthritis may last for months to years (1). CHIKV was first
isolated in Tanzania in 1952 (2). CHIKV is currently dis-
tributed in Africa and in South and Southeast Asia (3). Out-
breaks have occurred periodically in these regions for the past
50 years at 7- to 20-year intervals (4). In 2004-2006, a large
CHIKYV outbreak occurred in islands in the western Indian
Ocean: Comoros, Mayotte, Mauritius, the Seychelles, and
Réunion Island (5). Outbreaks of CHIK fever have recently
occurred in India (3), Sri Lanka, and then in the Southeast
Asian countries of Singapore, Malaysia (6), Indonesia, and
Thailand. Another important issue has been in the spread of
CHIK fever cases from epidemic areas to Europe (7), Canada,
the Caribbean, South America, and the United States (8).
Further, an outbreak occurred in Italy, originating from a
patient returning from [ndia. Approximately 300 patients with
one fatality were reported in this outbreak (9). There have
been imported CHIK fever cases in Japan. In the present study,
we followed antibody responses in a CHIK fever patient who
had just returned from India.

A 37-year-old male visited India on business from July 16
to August 8, 2008, On July 26, he developed a high fever
(39.0°C), headache, and generalized arthralgia, and was
admitted to a hospital. He was treated with antibiotics for 4
days. The fever had subsided by July 29, The next day, a
generalized spotted rash developed on his entire body except
for his face, and lasted for several days. He was diagnosed
with CHIK fever based on the clinical symptoms. He tested
negative for CHIK V-specific antibodies. He was discharged
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6-6972-1321, Fax: +81-6-6972-2393, E-mail: aoyamagziph.pref.
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from the hospital on August | and returned to Japan on Au-
gust 8. His arthralgia became exacerbated in the middle of
August. The patient visited the Osaka City General Hospital
on September 22.

The chief complaint at the consultation was a sense of in-
congruity at the right wrist, proximal interphalangeal joints,
the right knee, and the joints in his left foot. On physical
examination, swelling and deformity were not present in the
systemic joint. The results of the blood test on September 22
were hemoglobin 17.8 g/dl, total leukocyte count 11,200/1L1,
platelet count 250,000/1¢1, aspartate aminotransferase (ASTY
alanine aminotransferase (ALT) 52/89.

Virological examinations were performed using the serum
specimen collected on September 22 (day 58 after onset of
the disease) (Table 1). CHIK V-specitic IgM and IgG anti-
bodies were positive by indirect immunofluorescence assay
(IFA). CHIK V-specific 1gM was also positive by enzyme-
linked immunosorbent assay (ELISA) (P/N ratio was 3.88
[>2.0 to be positive]). Neutralizing antibody titers to CHIKV
were 1:160 by the plaque-reduction neutralization test (50%
PRNT). IgM and IgG antibodies to dengue and Japanese
encephalitis viruses were negative, determined by TFA and
ELISA. Reverse transcription-polymerase chain reaction (RT-
PCR) was performed with CHIKV-specific primer (CHIKnsp1 -
S/nsp2-C, CHIK/EL-S/E1-C [10], and Chik10294s/10573c¢),
and flavivirus-specific primer (YFI1/YF3) (11). The viral
RNAs were negative by RT-PCR. The diagnosis of CHIK
fever was confirmed on the basis of these laboratory data, the
presence of CHIK V-specific IgM and IgG antibodies in the
convalescent phase of the disease, and the absence of CHIK V-
specific antibody in the acute phase of the disease in India.

To follow the duration of IgM and IgG antibodies to
CHIKY, blood specimens were collected every other month,
on days 108, 137, 164, and 192, and examined for the pres-
ence of [gM and 1gG antibodies by ELISA, IFA, and 50%
PRNT (Table 2). CHIK V-specific IgM antibody was positive
on day 108 but negative on day 137, Neutralizing and IFA
IgG antibodies were positive at the same titers throughout
the examined period.
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Table 1. Results of the virological examinations of the patient serum collected on
September 22 (58 days after onset of the disease)

Virus Test item Method Result
Chikungunya virus IgM IFA 20
IgM ELISA positive
1gG IFA 160
Neutralizing antibody NT 160
nsP1-nsP2, El gene RT-PCR negative
Dengue virus 1gM, 1gG IFA negative
1gM, IgG ELISA negative
Japanese encephalitis virus IgM, IgG IFA negative
Flavivirus NS5-3'UTR gene RT-PCR negative

RT-PCR, reverse transcription-polymerase chain reaction; ELISA, enzyme-linked
immunosorbent assay; IFA, immunotluorescent assay; NT, 30% plaque-reduction

neutralization test.

Table 2. Change of antibody titer to CHIKV of the patient

Days after onset of ELISA IFA NT
the disease IgM IgM  IgG

58 positive 20 160 160

108 positive <10 160 320

137 negative <10 160 320

164 nt nt 160 320

192 nt nt 160 320

Abbreviations are in Table 1.

[t should be noted that the CHIK V-specific [gM was posi-
tive by ELISA for 108 days. This suggests that CHIK V-
specific IgM antibody can be used to diagnose CHIKV infec-
tion even 3 to 4 months after the onset of the disease, espe-
cially for those who do not receive confirmatory diagnoses in
the endemic countries. A recent report demonstrated that [gM
antibody lasted for 1 year in the CHIK fever patients with
cryoglobulinemia (12). On the other hand, these results
suggest that the presence of [gM to both dengue virus and
CHIKY does not directly support dual infection.

The first and second imported CHIK fever cases were con-
firmed in November 2006 among returnees from Sri Lanka
(13,14). The patient in the present report is the third imported
CHIK fever case in Japan. Another 11 imported cases have
been subsequently confirmed: 2 from India, 6 from Indone-
sia, 2 from Malaysia, and | from Thailand (Takasaki et al.,
personal communication. Online at <http://www.nih.go.jp/vicl/
NVL/Aiphavirus/Chikungunyahtml.htm> [in Japanese]). The
main vector mosquito of CHIKV is dedes albopictus, which
inhabits most regions of Japan (15-17). Thus, there is a possi-
bility that an outbreak of CHIK fever originated from these
imported cases in Japan, which was the same situation in Italy.

CHIK fever is not designated as a reportable disease in the
Infectious Disease Control Law or in the Quarantine Act at
present in Japan. CHIK fever has symptoms similar to those
of other mosquito-borne diseases such as dengue fever and
West Nile fever, CHIK fever should be included as a ditteren-
tial diagnosis for patients returning from South and Southeast
Asian countries, and from islands and countries located on
the Indian Ocean. Detection of [gM is a key laboratory diag-
nostic technique for CHIK fever.
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&'g?g Eoipob (M%ffan 1st PCR Nested PCR
To-336 (1a) 1 0.1 0.1 0.1
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RT-LAMP;E D #& H #5 2R (Clade 2B)

Real-Time Turbidimeter

IR o
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T JPON SN 100 10 1 01 N

Conventional
RT-LAMP
Morietal, . ...

J.Clin.Microbiol, =

44(9): 3268-73

(2006)  °

© R s besratossrfast ot Srin Ars oy A eessrds 100 10 1 0.1 N
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< O3FFU/test & SEFL tem SPu Test G ML Test—a= hegutue Corwo.

X 1. 518 LAMP 1 L 5E3R1ED Clade B @ 7 A LR %4 A K HIRREE O ELilsk
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