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F1 BAEMRUIFUPEEERE BI O E ANK BEO JEV (x5 P FoH s

FEXSy A JEV-NT
(%) (N) | <10 10 20 40 80 160 320 640 1280  2560*
0-4 6 3 1 1 1
5-9 10 1 1 1 5 1 1
. 10-14 6 1 3 1 1
vITe 15-19 64 3 4 5 2 4 11 12 7 7
Sl 20-29 11 11 1 1 1 1 3
30- 12 1 3 1
aF 109 | 18 5 8 5 8 8 16 20 12 9
;;;i; G 83 8 21 16 7 9 18 4
JEV-NT : JEV neutralizing antibody titer (A)

HERMIEOFREE

F2 BARMKRD 7 F o WkEEREE O JEV & WNV (25 5 g

WNV-NT

\ . | PUEBBMEE | ERAER
JEV-NT A% | <10 10 20 230 (%)
<10* 18 | 18 0 0.0
10 5 5 0 0.0
20 8 0 0.0
40 6 6 0 0.0
80 10 9 1 1 10.0
160 9 5 3 1 4 44.4
320 15 | 12 3 3 20.0
640 19 | 13 3 3 6 31.6
1280 12 1 2 3 25.0
2560 7 3 2 5 71.4

& (N) 109 | 87 14 8 22
AREN Tz

A5 91 14 8 22 24.7

JEV-NT : JEV neutralizing antibody titer by FRNTg,

WNV-NT : WNV neutralizing antibody titer by FRNT;,
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WNV-NT titer (logl0)

#3 BAMEBEOJEVEWNVIZK 5 Ffnbiish

2 3

WNV-NT
A s HE | b3
JEV-NT <10 10 20 40 80 160 320 640 1280 2560 s Gaogl
# aaHA) (%)
40* 8 5 3 3 37.5
80 211 14 6 1 7 33.3
160 16 9 4 2 1 7 43.8
320 7 3 2 1 1 4 57.1
640 9 2 1 3 3 7 77.8
1280 18 9 5 2 2 9 50.0
2560 4 1 2 1 4 100.0
AEHAN) 83142 21 6 7 3 0 0 1 2 1 41 49.4
JEV-NT : JEV neutralizing antibody titer by FRNT,
WNV-NT : WNV neutralizing antibody titer by FRNTj,
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JEV-NT titer (logl0)
FEBAGREL r=0.437

P<0.01

3

JEV-NT titer (logl0)

RS r=0.627

P<0.01
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of dengue and other mosquito-borne viruses prevalent in Asia, 2009
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Summary:

We conducted laboratory-based surveillance on mosquito-borne viral diseases in
Taiwan. In 2009, a total of 205 imported dengue cases and 9 imported
chikungunya cases were identified. From the acute phase serum samples of all
imported dengue cases, 43 DENV-1, 33 DENV-2, 21 DENV-3, and 10 DENV-4
strains were isolated. Local dengue outbreaks were circulated mainly in Kaohsiung
City, Kaohsiung County, Pingtung City, and Changhua County with 886 laboratory
confirmed indigenous dengue cases including 11 dengue hemorrhagic fever.
Sequence analyses from more than 109 DENYV isolates obtained from acute phase
serum samples of indigenous cases showed that major dengue local outbreaks were
caused by 3 dengue virus strains, 1 DENV-3, 1 DENV-2, and 1 DENV-1, which
were imported from the Philippines, Vietnam, and Thailand, respectively.
Surveillance results of Japanese encephalitis virus in Taiwan during 2005-2009
showed that although most of JEV strains belong to Genotype III, Genotype 1
strains were isolated from the mosquitoes caught in Kuantu Nature Park, Taipei
City and in pig farm in the Wujie Township of Yilan County in 2008, and in
Kuantu Nature Park, Taipei City and pig farm in Wufeng Township, Taichung
County in 2009. The results suggested that Genotype I strains of Japanese
encephalitis virus were continuously introduced into Taiwan. Phylogenetic
analyses of isolated chikungunya viruses (CHIKVs) showed that all CHIKV
strains from Malaysia (2 strains), Singapore (1 strain), and Thailand (2 strains)
belong to East/Central/South African genotype, whereas 3 Indonesia strains belong
to Asian genotype and 1 strain belongs to East/Central/South African genotype. In
addition, all African genotype strains were found to have E1-A226V mutations.

Purpose:

Emergence of pathogenic microorganisms is an increasing concern. Infection by
mosquito-borne viruses is a foremost problem in Asia. Understanding the
epidemiological situations of the diseases and the phenotypic and genotypic
characteristics of viruses contributes to the development of new strategies for control
and prevention. In order to promote communication and exchange of the information
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of dengue and other mosquito-borne viruses, laboratory network between Asia and
Pacific Rim should be developed and strengthened.

Methods:

1.

Dengue and Chikungunya surveillance

Human serum samples from clinically suspected DENV and other arbovirus
infections were submitted to the Vector-Borne Viral and Rickettsial Diseases
Laboratory, Research and Diagnostic Center, Centers for Disease Control,
Taiwan (Taiwan CDC), Department of Health, for laboratory diagnosis. A
confirmed dengue or chikungunya case was defined as febrile illness associated
with a positive real-time reverse transcription (RT)-PCR test (1-5), isolation of
DENYV or CHIKYV, or the detection of DENV- or CHIKV-specific IgM and IgG
antibodies (7-9). A multiplex one-step real-time RT-PCR was developed to
simultaneously detect and differentiate various flaviviruses and alphaviruses in
the acute-phase serum samples using group-specific and virus-specific primers.
In addition, a flavivirus/alphavirus-specific capture ELISA was developed to
detect and differentiate various flavivirus/alphavirus infections.

Japanese encephilitis virus surveillance

To understand the genetic variation of JEV strains currently transmitted in
Taiwan, a surveillance program was conducted in areas covering north (Taipei,
Taoyuan and Yilan Counties and Taipei City), central (Taichung and Changhua
Counties), south (Tainan and Kaohsiung Counties) and east (Hualien County)
parts of Taiwan during 2005-2009. Real-time RT-PCR assay was used to screen
JEV in mosquito pools, pig sera and human cerebrospinal fluid (CSF).
Mosquitoes were pooled by species, location, and collection date in groups of 30
to 50 mosquitoes. Mosquito pools were homogenized and the supernatant
fraction was used for real-time RT-PCR and virus isolation. Three sets of primer

including flavivirus-specific (FL-F1: 5’-GCCATATGG
TACATGTGGCTGGGAGC-3’; FL-R3:
5’-GTKATTCTTGTGTCCCAWCCGGCTGTGTCATC-3’; FL-R4:
5’-GTGATGCGRGTGTCCCAGCCRGCKGTGTCATC-3"), JEV-specific
(JE3F1: 5’-CCCTCAGAACCGTCTCGGAA-3’ and JE3R1:
5’-CTATTCCCAGGTGTCAATATGCTGT-3’) and JEV GlIlI-specific primers
(E12F: 5’-CTGGGAATGGGCAATCGTG-3’ and E325R:

5’-TGTCAATGCTTCCCTTCCC-3") were used for real-time RT-PCR (10).
Samples with positive RT-PCR were subjected to virus isolation using a
mosquito cell line (clone C6/36 of Aedes albopictus cells).

Virus isolation and identification

DENVs and CHIKVs were isolated from the acute phase serum samples of
confirmed cases. The virus isolation was performed using mosquito cell line
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C6/36. For each acute phase serum, 4 b1 of serum sample was diluted in 200
v 1 cultured medium (RPMI , Gibco/BRL, Life Technologies, containing 1%

FCS) and added to a 96-well microtiter plate, 500 y l/well in quadruplicate.

Then, 10° cells/100 pl/well of C6/36 cell line were added into the microtiter
plate and incubated at 37°C for 2-7 days. Cells were harvested and virus isolates
were identified by the indirect fluorescent antibody test with virus
group-specific and serotype-specific monoclonal antibodies.

Primers used for RT-PCR and nucleotide sequencing of DENV

The diagnostic tests for flavivirus infection from fevered patients on the basis
of the results of one-step SYBR Green I-based real-time RT-PCR and
envelope/membrane-specific capture IgM and IgG ELISA had been described
previously (9). To screen viremic fever patients with alphavirus infection, a
multiplex one-step SYBR Green I-based real-time RT-PCR was developed
(6-7). A cocktail consisted with three sets of primers were mixed and used for
RT-PCR screening. The alphavirus-specific primer set (AL-2: 5’-AAG CTY
CGC GTC CTT TAC CAA AG-3’ and AL-3: 5°’-GTG GTG TCA AAC CCT
ATC CA-3’) targeted a consensus region of the nonstructural protein 1 (nspl)
genes to detect all alphaviruses. The CHIK V-specific primer set (F-CHIK:
5-AAG CTY CGC GTC CTT TAC CAA AG-3’ and R-CHIK: 5’-CCA AAT
TGT CCY GGT CTT CCT-3") targeted a region of the envelope protein 1 (E1)
gene of CHIKVs (7). The Ross River virus-specific primer set (RRV-I:
5’-GGG TAG AGA GAA GTT YGT GGT YAG-3’ and RRV-2: 5°-CGG TAT
ATC TGG YGG TGT RTG C-3’) targeted a region of the envelope protein 2
(E2) gene of Ross River virus. Positive results were then confirmed by gene
sequence analysis, virus isolation, and serological test.

Preparation of viral RNA, RT-PCR amplification and nucleotide
sequencing

Viral RNAs were extracted from either acute phase serum samples or culture
supernatant of C6/36 cell line infected with each of the isolated DENV or
CHIKV strains using the QIAamp viral RNA mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s instructions. Nucleotide sequences of
partial NS5 gene fragment of DENV were determined directly from acute phase
serum samples using RT-PCR product of one-step SYBR Green I quantitative
RT-PCR (3-4). Partial NS5 gene sequencing was routinely performed to detect
and differentiate serotype and genotype of the newly identified DENVs. For
full-length structure gene sequencing, extracted viral RNA from culture
supernatant of C6/36 cell line infected with each of the isolated DENV strains
was used as a template for cDNA synthesis, which subsequently was used for
PCR amplification. Two overlapping PCR products spanning the full-length
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structure gene were purified from agarose gels and directly sequenced in both
directions using ABI Prism automated DNA sequencing kit and ABI Prism 3700
DNA sequencer (Applied Biosystems) according to the manufacturer’s protocol.
Overlapping nucleotide sequences were combined for analysis and edited with
the Laser software package (DNASTAR Inc, Madison, WI).

5. Phylogenetic analysis

Phylogenetic analyses were conducted using PHYLIP version 3.6 or MEGA
version 4.0 software package. Genetic distances were calculated by using
Kimura 2-parameter distance algorithm with 1,000 bootstrap replicates.
Neighbor-Joining method was used to generate the phylogenetic trees.

Results:

1. Imported dengue cases in Taiwan, 2009

A total of 205 imported dengue cases were identified in Taiwan, 2009. The majority
of these imported cases were infected in Southeast Asian countries with exceptions
of India, Bangladesh, and Pakistan. Similar to our previous report during 2002-2008,
Indonesia, Vietnam, the Philippines and Thailand are on the top list of importing
countries (4). From acute phase serum samples of these imported dengue cases, a
total of 107 DENV strains were isolated including 43 DENV-1, 33 DENV-2, 21
DENV-3, and 10 DENV-4 strains. The nucleotide sequences of partial NS5 gene
fragment and full-length structure gene region of DENV strains isolated were
determined and deposited in Taiwan Pathogenic Microorganism Genome Database
for molecular epidemiological analysis. Table 1 showed the summary of serotype
and genotype distributions of these DENV isolates. The data reveals that strains of
DENV-1 genotype I and DENV-2 cosmopolitan genotype were the most epidemic
strains circulating in Southeast Asian countries.

2. Multiple dengue epidemics in southern Taiwan, 2009

For local dengue outbreaks in Taiwan, a total of 886 indigenous dengue cases were
laboratory confirmed in 2009. The nucleotide sequences of partial NS5 gene
fragment were routinely determined from the acute phase serum samples of
confirmed cases. The full-length structure genes of DENV strains isolated from
representative indigenous cases were determined. Representative indigenous cases
were selected based on the information of epidemiological investigation and
preliminary results of partial NS5 gene sequences showing different infection time,
infection place, and DENV serotypes and genotypes of these patients. Sequence
analyses from more than 109 DENV isolates obtained from acute phase serum
samples of indigenous cases showed that major dengue local outbreaks were caused
by 3 dengue virus strains (1 DENV-3, 1 DENV-2, and 1 DENV-1) transmitted
mainly in Kaohsiung City, Kaohsiung County, Pingtung City, and Changhua County.
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Phylogenetic analysis showed that these DENVs were imported from the Philippines,
Vietnam, and Thailand.

3. Nucleotide sequencing and phylogenetic analysis

The main local dengue outbreak in 2009 was caused by a DENV-3 strain imported
from the Philippines. There were more than 750 confirmed dengue cases in
Kaohsiung City. Figure 1 showed the phylogenetic trees derived from full-length E
gene sequences of DENV-3 strains isolated from confirmed cases in Taiwan and
sequences available from GenBank. Phylogenetic tree was constructed by
neighbor-joining and the DENV strains isolated from Taiwan in 2009 were
color-marked.

4. Surveillance of Japanese encephalitis virus

To understand the genetic variation of JEV strains currently circulating in Taiwan, a
surveillance program was conducted in areas covering north (Taipei, Taoyuan and
Yilan Counties and Taipei City), central (Taichung and Changhua Counties), south
(Tainan and Kaohsiung Counties) and east (Hualien County) parts of Taiwan during
2005-2009. Real-time RT-PCR assay was used to screen JEV in mosquito pools, pig
sera and human cerebrospinal fluid. Samples with positive RT-PCR were subjected

_to virus isolation using a mosquito C6/36 cell line. Figure 2 shows the phylogenetic
tree based on the E gene sequences of representative JEV sequences in Taiwan and
other sequences retrieved from GenBank. The results show that Taiwanese isolates
fell into 2 genotypes, GIII and GI. Although most of JEV strains isolated in Taiwan
during 2005-2009 belong to Genotype III, Genotype I strains were isolated from the
mosquitoes in Kuantu Nature Park in Taipei City and in pig farm in the Wujie
Township of Ilan County in 2008 (10), and in Kuantu Nature Park, Taipei City and
pig farm in Wufeng Township, Taichung County in 2009.

5., CHIKY identification and characterization

For other arboviruses, we identified 9 imported chikungunya cases in 2009.
Table 2 showed the summary of isolated viruses, importing countries, virus
genotypes and E1-226 sequence. These travelers were returned from Indonesia (4
cases), Malaysia (2 cases), Thailand (2 cases), and Singapore (1 case). The
CHIKVs were isolated from the acute phasé serum samples and the partial
nucleotide sequences of envelope protein 1 (E1) gene (1044 bp) were determined.
The results showed that 3 CHIKYV strains from Indonesia belong to Asian genotype,
whereas 1 strain belongs to African genotype. Phylogenetic tree was constructed
by the neighbor-joining method using sequences of CHIKV strains isolated in
Taiwan and other sequences retrieved from GenBank. O’nyong-nyong (ONN)
virus sequence was used as the outgroup virus (Figure 3).
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Discussion:

Studies on returned travelers have provided valuable information regarding the
geographic distribution and global movement of DENV strains. Mainly through
fever screening surveillance at airports, we identified 205 imported dengue cases
and 9 imported chikungunya cases in Taiwan, 2009. The results witness the
growing global threat of dengue and chikungunya in the past 5 years. Therefore,
co-circulation of dengue and chikungunya had been demonstrated in many
Southeast Asian countries, such as Indonesia, Malaysia, Singapore, and Thailand.
Vietnam is an exception without evidence of chikungunya epidemic. The genetic
database generated from these isolated virus strains provides useful information for
the understanding of global distributions and movements of various DENV and
CHIKYV serotypes and genotypes. Understanding the genetic changes and the mode
of transmission of these viruses is important toward the development of effective
control measures.

Japanese encephalitis is endemic in Taiwan. There have been very limited reports
on the molecular epidemiology of JEV in Taiwan. Although most of JEV strains
isolated in Taiwan during 2005-2009 belong to Genotype III, Genotype I strains
were isolated from the mosquitoes in Kuantu Nature Park in Taipei City and in pig
farm in the Wujie Township of Yilan County in 2008 and in Kuantu Nature Park,
Taipei City and pig farm in Wufeng Township, Taichung County in 2009. The
results suggested that Genotype I strains of Japanese encephalitis virus were
continuously introduced into Taiwan. Their local adaptation and spread should be
closely monitored to evaluate the potential impact of genotype shift on vaccine
efficiency in the future.
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