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Epidemiological study of
Flaviviruses in Guangdong
province, China, 2005-2007
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Abstract

We performed an epidemiological study of
mosquito-borne flaviviruses in humans, animals,
and mosquitoes in Guangdong province, China,
from 2005 to 2007. Cases of dengue (DEN) and
Japanese encephalitis (JE) were analyzed at the
Center for Diseases Control and Prevention in the
province. A total of 1,430 cases of DEN were
reported in Guangdong province from 2005 to
2007, while 236 suspected cases of human JE
were reported within the same period. During
2005 and 2006, 2,763 mosquitoes were collected
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belonging to 4 genera and 8 species. We inoculated the 132 pools of
mosquilo suspensions into a mosquito cell culture to isolate the viruses.
JEV was identified using a real-time reverse transcription and polymerase
chain reaction, and was isolated from one pool of Culex Sitiens obtained
from a hoggery. Herein, we discuss the risk factors of mosquito-borne
Aavivirus infection in Guangdong province, China.

Introduction

The genus Flavivirus of the family Flaviviridae comprises over 70
viruses. Many flaviviruses are transmitted from animals to humans via
arthropod vectors, mainly mosquitoes or ticks. Arbovirus transmission
allows the viruses to cross species barriers as the arthropod, after biting one
animal, can then bite other birds, reptiles or mammals that rarely come into
contact with one another [1]. The viruses persistently infect insects and are
transmitted through the trans-ovarian pathway and can persist in
vertebrates such as birds, pigs and monkeys. Mosquito-bomne flaviviruses,
such as dengue (DEN) viruses (DENV), Japanese encephalitis (JE) virus
(JEV), West Nile (WN) virus (WNV), St. Louis encephalitis virus, and
yellow fever virus are important human pathogens, [2, 3]. These viruses
cause a variety of symptoms, which range from a mild rash to life-
threatening hemorrhagic fever in infected individuals. JE and DEN, in
particular, are prevalent in southern China, and flavivirus infections have
been a major public health concern in China since the early 1900s,

JE is one of the most important flaviviruses as worldwide epidemic
encephalitis has been reported to infect an estimated 35,000 to 50,000
persons and cause 10,000 to 15,000 deaths annually [4]. The first reported
JE epidemic occurred in 1871 in Japan. Since then, major JE epidemics
have occurred in 1924, 1935, and 1948 [5]. JE was one of the most serious
viral diseases in the early 1950s. [ts incidence reached 15 to 20 cases per
100,000 people and the case fatality rate was as high as 30%. More than
20,000 cases were reported annually all over the world until 1992. Since
1993, the number of reported cases has been decreasing. In 1996, the
number of JE cases fell below 10,000 cases [6]. As reported in the Disease
Surveillance Journal of China, issued by the Institute of Epidemiology and
Microbiology of the Chinese Academy of Preventive Medicine, there were
12,047 cases in 1998, 8,104 cases in 1999 and 11,565 cases in 2000. In
October, 2000, 1,426 cases with 34 deaths were reported in Sichuan
Province. This JE outbreak was an example of the hyper-endemic cases
common to southern China.

DENV causes serious human diseases including dengue fever/dengue
hemorrhagic fever (DF/DHF), which is prevalent in over 100 countries



Fig. 1. Geographical location of the cities and counties of Guangdong province, and other
provinces surrounding Guangdong province, China

with over 2 billion people live in dengue-endemic areas [7]. A DF
epidemic occurred in Jakarta in 1779 and then spread to dozens of
countries. In China, DF was first reported in 1873 in Xiamen province, and
the prevalence of the disease in China, became more serious from 1940 to
1945. Thereafter, DF/DHF was not generally observed for more than 30
years. However, the disease reemerged in Foshan, Guangdong province,
1978 [8] (Fig. 1). Since then, DF has intermittently occurred in Guangdong,
Guangxi, and Hainan province (Fig. 1). Statistical studies indicated that the
number of infected patient has reached 680,000 cases including more than
500 deaths, DENV type | to 4 (DENV-1 to -4) commonly occurs in China
and a DENV-4 outbreak appeared in 1978 in Foshan in Guangdong
province. In 1990, DENV-4 again broke out in Guangzhou, Guangdong
province. DENV-3 infections were observed on Hainan Island in October,
1979, and soon spread to Zhanjiang, Foshan, Guangzhou, Shantou, and
Shaoguan in Guangdong province (Fig. 1), and Beihai and Hepu in
Guangxi province. Multiple outbreaks of DENV-1 were reported in
Guangdong province in 1979, 1985, 1991, 1995, 1997, 1999, and 2000,
with a particularly large outbreak reported in 2006 (Table 1). An outbreak
of DENV-2 infection began in September, 1985, in the northern parts of
Hainan Island, and spread to Guangzhou, Guangdong, and Beihai, Guangxi
province. Further DENV-2 epidemics occurred in Guangdong province in
1993 and 1998, and in Fujian Province in 1999. In this review, we will
discuss the epidemiological situation of recent DENV and JEV epidemics
in Guangdong province, China.

— 69 —
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Table |. Dengue fever cpidemics in Guangdong provimce i 2005 2007

Year Na of Mortndity Desth  Mortality Dhstrives (No of case) Serutype’
cases {1100, 000 {1100, 000y
2005 i 0m o o Crumngrhou { 12), Shenrhen (1), DENV-1
Zhuhas (1), Zhangshan (1),
Dongguuan (1)
2006 1010 11 ] ] Cruangrhou {765), Shantou (177, DENV-{

Foshan (30), Yanghang (22),
Chanzhou (| 5), Shenrhen (] )

007 397 043 ] o Zhanguang (205), Zhuha (129), DENV-1
(mangzhou (309, Zhangshan (19),
Chaozhou (5), Shenaben
(4) Foshan (2}, Zhaoqng (1),
Shantou (1), Dongguan (1)

1. Causstive agent of outbreak

1. Materials and methods
1.1. Human case studies

Case studies of DF and JE were performed in the Center for Diseases
Control and Prevention in Guangdong province from 2005 to 2007. Data
regarding DF cases in 2005, 2006, and 2007 are shown in Table 1.
1.2. Collection of pig sera

Pig sera were collected from piglets from 4 hoggeries in Zhuhai,
Guangdong province. A total of 1,318 pig serum samples were collected
from 2005 to 2006. In 2007, 710 pig blood serum samples during the pre-
epidemic season from March to May, and 718 serum samples during the
post-epidemic season from November to December, were collected to
examine the JEV infection rate. A pig anti-JEV 1gG ELISA kit (Wuhan
Animal Biologicals Co., China) was used to detect anti-JEV IgG in this
study.
1.3. Mosquito capture and the production of the mosquito suspension

Mosquitoes were captured by mosquito-light-trap in 4 hoggeries and at
the ports around Zhuhai from January 2005 to December 2006. A total of
2,763 mosquitoes were captured, of which 2,543 mosquitoes were from
Zhuhai and the remaining 220 mosquitoes from other cities in Guangdong
province. Mosquito samples were sorted after species identification.
Suspensions, each containing 20 female mosquitoes per sample, were made
by grinding the mosquitoes and were stored at -80°C until use.
1.4. Collection of human sera or cerebrospinal fluid

A total of 236 human sera or cerebrospinal fluid samples from
suspected cases of JE were collected between 2005 and 2007. A further
1,036 serum samples from healthy persons from Zhanjiang city and
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Fengkai county (Fig. 1) were collected for the detection of anti-JEV IgG
and IgM in 2007. Anti-JEV 1gG and IgM ELISA kits (Zhongshang
Biotechnology Co., China) were used to detect antibodies against JEV,
1.5. Cell culture and virus isolation

The mosquito cell line, C6/36, was maintained in Eagle’s Minimum
Essential Medium with Earle’s balanced salt solution supplemented with
5% fetal calf serum, 2% L-glutamine, 1% sodium bicarbonate, 2%
penicillin-streptomycin-amphotericin B, and 1% non-essential amino acid.
Monolayer cells were inoculated with 100pl of mosquito suspension and
then incubated at 35°C for 7 days. Regular observation under an inverted
microscope was maintained to detect visible cytopathic effects (CPE).
Blind passaging was repeated 3 times. The supernatants of culture showing
a CPE were collected and stored at -80°C until use.

1.6. RNA extraction and reverse transcription—polymerase chain
reaction (RT-PCR)

RNA was extracted from 200pul of the mosquito suspensions, and the
supernatants of cell cultures inoculated with the mosquito suspensions
using a High Pure Viral RNA Kit (Roche, Germany). RT-PCRs were
performed according to a standard RT-PCR protocol using a TaKaRa
OneStep RT-PCR Kit (TaKaRa BioTech, Japan). Each 50ul of the reaction
mixture contained Sul of 10 x buffer, 10ul of 25nM MgCl,, 5ul of each
10nM dNTP, 40U of recombinant RNasin, 5U of AMV reverse
transcriptase (RTase), SU of Taq DNA polymerase, 25 pmol of both the
forward and reverse primer, and Sul of template RNA. RT was performed
at 50°C for 30 min, following an initial denaturation at 95°C for 2 min, and
the reactions were performed for 35 cycles of heat denaturation at 94°C for
| min, primer-annealing at 55°C for | min, DNA extension at 72°C for 1
min, and were completed by a final extension of 10 min at 72°C.
Subsequently, we performed electrophoresis using 10ul of the amplicons in
a 1.2% Tris EDTA-Acetate-agarose gel. The gel was soaked in ethidium
bromide (Et-Br), and the DNA bands stained with Et-Br were observed
under UV light.

1.7. Real-time RT-PCR

TaqMan MGB real-time RT-PCR assays were performed to detect JEV,
DENV or WNV RNA. RNAs were extracted from the mosquito
suspensions as well as from the cell supernatants, and were inoculated with
the mosquito suspension. A TaKaRa One Step RT-PCR Kit was used for
the assays. Each 20ul of the reaction mixture containing 10ul of 2x One
Step RT-PCR buffer, 0.4ul of TaKaRa Ex Taq HS (5U/uL), 02ul of M-
MLV RTase (200U/ul), 0.4 ul of RNasin (40U/ul), 2.6ul of the primer
mixture and TagMan MGB probe (Table 2), and 4ul of template RNA was
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Table 2. Oligonucleotides used in this study for WNV, DV and JEV  TagMan MGB Real -time
RT-PCR

Virus Pnimer and probe ' Location Sequence

WHNV WNV-FP 132-153 S-GGCTGTCAATATGCTAAAACGC-Y
WHNV-RP 204-182 F-LGCTCAACATAGCCCTCTTCAGTC-¥
WNV probe 165-181 SFAMLCGTGTTGTCCTTGATTG-MGB-3' ¢

DENV Den-FP - GCATATTGACGCTGGGAGAGA-Y
Den-RP §-GOCGTTCTGTGCCTGGAAT-3
Den-probe $-FAMCAGAGATCCTGCTGTCTCMGB -3 7

JEV JE-FP 5~ GCATCAAACAGCATATTGACACC-Y
JE-RP S-GGCGCTCTGTGCCTAGTAGC-3'
JE-probe S-TET-CTGCTCTATCTCAACATC MGB-3' #

1. FP, RP, and probe indicate forward, reverse,and  fluorescein i probes, respectivels

2 FAM-or TET -conjugated MGB real time RT -PCR probes

subjected to the assay. Real-time RT-PCR was carried out in an ABI
PRISM® 7000 Sequence Detection System for 45 cycles at 42°C for 15 min,
at 95°C for 2 min, at 95°C for 10 sec and at 62°C for 30 sec.
1.8. Nucleotide sequencing

The RT-PCR amplicons were purified with a QlAquick Gel Extraction
Kit (QIAGEN, German), and cloned into a pGEM*-T Easy Vector
(TAKARA, Japan). Subsequently, the plasmids were purified using a
QIAprep Spin Miniprep Kit (QIAGEN, German). Nucleotide sequencing of
the inserts was performed according to the cycle sequencing protocol
(Sangon, Shanghai China).

2. Results
2.1. DF in Guangdong province between 2005 and 2007

A total of 1,430 local cases of DF were reported in Guangdong
province between 2005 and 2007 (Table 1). The annual incidence was from
0. 03 to 1.1 cases per 100,000 people. DF repeatedly occurred in 10 cities,
and clustered in areas of Guangzhou, Shantou, Zhanjiang, and Zhuhai cities
(Table. 1) from March to December. Epidemics ran from June to
November and peaked from August to October (Fig.2). We can not explain
why the peak month of the DF epidemics differed between 2006 and 2007.
Cases were reported in each age group with the majority of reported cases
occurring in those aged between 15 and 54 years. Most cases were
household workers, persons waiting for employment, peasants, student-
workers. Cases imported from foreign countries were also reported each
year, mainly originating in Southeast Asian countries such as Singapore,
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Fig. 2. Monthly incidence of DF in Guangdong province between 2005 and 2007
The monthly ber of DF cases bety 2005 and 2007 in Guangdong province are plotted

The incidence of DF in 2005, 2006, and 2007 are shown as open, cross-hatched, and dotted bars,
respectively

Indonesia, and Cambodia. The primary serotype of the DENVs causing the
outbreaks was the type | strain (Table 1).

In 2006, a DENV-1-related DF outbreak occurred in Guangdong
province Phylogenetic analysis of the outbreak by analyzing the sequence
of DENV E genes indicated that DENV-1 is currently circulating in the
province and was the cause of the DF epidemic [9].

A total of 129 cases of DF were reported during a DF outbreak in the
suburbs of Zhuhai, Guangdong Province, from August to October, 2007
(Table 1). The incidence in those aged between 20 and 39 years was the
highest at the peak of infection during the first ten days in September. The
pathogenic virus was identified as DENV-1. The reason why the recent DF
outbreaks in China were localized in Guangdong province, might be the
increasing frequency of rain, the long-term accumulation of stagnant water,
and the subsequent rapid multiplication of vector mosquitoes in the
province, The Breteau Index was higher than in previous outbreaks, and the
wave crest occurred in both August and October in these outbreaks (Fig. 2).
2.2. JE in Guangdong province, China
2.2.1. Sero-surveillance of JE in human

A total of 236 suspected cases of JE were reported between 2005 and
2007, of which 178, 31 and 27 sera and cerebrospinal fluid samples were
obtained from the patients in 2005, 2006 and 2007, respectively. Of these
samples, 57 were found to be anti-JEV IgM-positive in 2005, 6 in 2006 and
27 in 2007.

_"'.‘._
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Table 3 Serological test of serum JEV  1gG m pigs in Zhuhw , Guangdong province

Hoguery' Sample No Posiive No Posiuve Rate (%)
No. 1 9 132 4“6
No 2 300 18 393
No.3 n7 145 447
No.4 405 w4 n2

|. We collected the pig serum samples from 4 hogg in Fhuhmi, G
for this experiment

P

Immunity level against JE was examined in healthy persons sampled
during the pre- (April to May) and post-epidemic seasons (November to
December) in 2007. A total of 160 pre-epidemic season and 273 post-
epidemic serum samples were collected in Zhanjiang city for the detection
of anti-JEV IgG. The positive rate for JE antibodies was 19.38% (31/160)
in the pre-epidemic samples, whereas that in the post-epidemic samples
was 42.12% (115/273). A further 300 pre-epidemic and 294 post-epidemic
serum samples were collected and examined in Fengkai county. The
positive rate for pre-epidemic samples was 38.0%, whereas that for post-
epidemic samples was 43.19% (127/294).

2.2.2. Sero-surveillance of JE in pigs

In 2005 and 2006, 1,318 pig serum samples were collected from pigs in
4 hoggeries (No.1 to 4) in Zhuhai to examine the incidence of JE IgG as
part of a sero-surveillance program in pigs (Table 3). The total positive rate
for JE antibodies was 37.1% (489/1318). Among them, the highest positive
rate was in No.3 hoggery (45.7%), followed by No.| hoggery (44.6%) and
No.2 hoggery (39.3%). No.4 hoggery had the lowest positive rate (23.2%).
These results suggest that vaccination efficiency was dependent on the
hoggery.

In 2007, a JE outbreak occurred in Zhuhai, Guangdong province. We
compared the incidence of anti-JEV antibodies in pigs pre- and post-
epidemic (Table 4). In the pre-epidemic season, from March to May, 710
pig serum samples were collected from 3 hoggeries in Zhuhai, and the

Table 4. Serological test of serum JEV IgG in pigs during the pre - snd post -epidemic veasous in 2007

H Pre-epidemc season ' Post mc seannn ¢

Sample No Pomitrve No Positive rate (*s) __ Sample Na Poutive No Postive rate (34)
A P 95 413 2 218 o0 76
B 240 &0 28 240 m 92952
C 40 55 292 240 7] 9375

| Pig sera were collected Mach to May in Zhuhm ety
2 Pug sera were collected November in Zhuhm iy



