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Dengue hemorrhagic fever remains a major health concern in Thailand. Much effort has focused on the prevention
and control of the disease. Detection of dengue virus infection rate in mosquitoes would evaluate dengue control programs
and predict the epidemics of dengue hemorrhagic fever. To determine dengue virus infection rate in mosquitoes by Semi-
nested RT-PCR. A total of 400 mosquitoes were collected from Rom Kao Community representing a crowded community
and another 9 non-crowded communities in Bangkok. Mosquitoes were then divided into 40 pools, each contained 10
mosquitoes. A total of 391 Aedes aegypti and 9 Aedes albopictus were screened for dengue virus. The mosquito infection
rate in the Rom Klao community was 5% of the mosquito pool equal to that found in non-crowded communities. Both
groups were found to have dengue virus serotype 3. The present study suggests a circulation of dengue virus serotype 3 in

both crowded and non-crowed communities, the infection rates of which are indifferent during the dry season.
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Dengue hemorrhagic fever (DHF) continues
to present a major health problem in many areas of the
world especially in Southeast Asia. The infection is
caused by the dengue virus which has four serotypes
(Denl, Den2, Den 3 and Den 4). Dengue virus is
transmitted to humans via mosquito bites. In Thailand,
there are two major dengue vectors described, Aedes
aegypti and Ae. albopictus @2,

The first outbreak in Thailand was documented
in 1958, and a total of 2158 cases were reported. The
prevalence of the disease has increased dramatically
in recent decades. Morbidity and mortality rate of DHF
is highest in children especially at the age of 5-9 and
10-14. More recently, DHF in adults has been documented
in Thai patients ©®. At present, the transmission of the
disease has spread throughout the country . Due to
the lack of specific treatment of the dengue virus and
unavailability of effective vaccine against the virus,
the interruption of pathogen transmission by mosquito
control provides the only effective approach to the
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control of dengue infection®®, The most effective
strategy to control a dengue outbreak is to eliminate
mosquitoes and larval breeding habitats. The strategy
is commonly operated before the rainy season when
the population densities of mosquitoes are lower, and
hence easier to control . The surveillance of dengue
infection in mosquitoes at such times provides useful
data for prevention and control of the disease before
the beginning of an epidemic in the rainy season. In
Thailand, the dengue control relies solely on surveillance
for Aedes larval habitat and mosquito population
density. Although the surveillance has been regularly
operated for many years, it has never prevented an
outbreak of dengue infection in Thailand. This pheno-
menon coincided with the reemergence of dengue
outbreaks in Singapore despite the reduction of Aedes
mosquito population to a relatively low level®, As
described previously, entomologic surveillance per se
may not serve as an effective tool to forecast a dengue
outbreak. Monitoring of the dengue virus in field
mosquitoes is more relevant and can complement the
current dengue surveillance. It directly detects the pre-
valence of dengue virus serotypes % and pockets of
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infected mosquitoes, thus serving as a sensitive indi-
cator for mosquito control. The present study demon-
strates data of a dengue vector survey and prevalence
of dengue infection from field-caught mosquitoes from
crowded and non-crowded communities in Bangkok
during the dry season.

Material and Method
Mosquito collection

This project was approved by the Ethics
Committee of the Faculty of Medicine, Chulalongkorn
University. Mosquitoes were collected from crowded
and non-crowded communities in Bangkok using
human bait collection according to WHO methods ©.
Rom Klao community in Lad Krabang district was chosen
and defined as a crowded community (crowded com-
munity is a highly urbanized area with a house density
of at least 15 houses per 1600 square meters: defined
by Bangkok Metropolitan Authority). Ten female
mosquitoes were collected daily from each house from
10.00 am to 5.00 pm from the 25" of March to the 10" of
April 2003. The total number of female mosquitoes
was 400, which were equally collected from crowded
and non-crowded communities. All mosquitoes were
aliquoted, ten female mosquitoes per microcentrifuge
tube and stored at -70°C until used.

Detection of dengue virus

Viral RNA extraction

Viral RNA was extracted from 10 pooled
mosquitoes. The mosquito’s wings and legs were
removed then the mosquitoes were quickly frozen by
dry ice and ground in 150 | of RNase-free water and
centrifuged at 12,000 rpm for 5 minutes. 100 | of
supernatant was preceded to RNA extraction using
RNeasy mini kit (QIAGEN, Germany). The procedure
followed the manufacturer’s recommendation. Total
RNAwaseluted in30 | of RNase-free water.

Oligonucleotide primers

The primers’ sequence designed by Lanciotti
et al® was used in the present study. Six oligo-
nucleotide primers within the core and pre-membrane
protein gene (C-prM) of dengue viruses were used.
Two consensus primers (D1 and D2) were designed to
be homologous to the genomic RNA of all four dengue
serotypes, whereas the type-specific nucleotide
primers (TS1, TS2, TS3 and TS4) were designed to
anneal specifically to each of their respective genomes.
These primers were positioned such that a differently
sized product was generated from each type.
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Semi-nested RT-PCR

The procedure performed in the present
study was modified from the study by Lanciotti et al.
The first step RT-PCR was performed using Superscript
one step RT-PCR with Platinum Tag (Invitrogen,
USA). The protocol followed the manufacturer’s
instruction. In50 | of reaction was performed by mixing
25 | of 2X Reaction Mix (a buffer containing 0.4 mM
of each dNTP and 2.4 mM MgSO,), 1.8 | of 50 mM
MgSO,,0.5 1 of 25 pmol primers (D1 and D2) of each
primer,1 [of RT/Platinum Taq Mix (Invitrogen),2 |
of RNA template and RNase-free water to the total of
50 I. The thermal cycler was programmed to begin
with one cycle of 55°C for 30 min followed by a 2-min
incubation at 94°C and 40 cycles of 94°C for 15 sec,
55°C for 20 sec and 68°C for 3 min.

The second step amplification reaction was
attempted to identify type-specific DNA products. A
typical 25 | of PCR reaction was performed containing
25 lof10Xbuffer,1.5 1of50mMMgCI,, 1 10of25
pmol of each primer (D,, TS,, TS,, TS, and TS)), 0.5
unit of Taq polymerase (GibcoBRL), 4 | of 20 mM
DNTP mixture, 10 I of product from the first step and
RNase-free water to 25 I. The thermal cycler was
programmed to begin with one cycle of 94°C for 5 min
incubation followed by 30 cycles of 94°C for 1 min, 55°C
for 30 sec and 72°C for 1 min, the last 1 cycle of 72°C
for 5 min and final holding at 4°C. 10 | of the product
from the second step was electrophoresed through a
1.5% Agarose gel at 100 volts, stained with ethidium
bromide and visualized on a UV transilluminator.

Partially extracted dengue virus antigens
from mice microglia were used as positive controls.
The antigens were purchased from the Ministry of
Public Health, Thailand. They were standard Den-1
Hawaii, Den-2 strain TR 1751, Den-3 strain H87 and
Den-4 strain H241. Uninfected laboratory-reared Aedes
aegypti mosquitoes were used as negative controls.

Results
Mosquito collection

During the study period, there was no dengue
case reported from the area of study. A total of 400
female mosquitoes were collected. The mosquitoes
were identified by morphometric analysis, 391 were
Ae. aegypti and 9 were Ae. albopictus. All Ae.
albopictus mosquitoes were collected from the non-
crowded community. The landing activities of Aedes
mosquitoes collected from Rom Klao community seemed
to have two highest peaks, one in the early morning and
the other in the late afternoon (Fig. 1). Ae. aegypti

J Med Assoc Thai Vol. 87 Suppl. 2 2004



was found only in the crowded community while both
species (Ae. aegypti and Ae. albopictus) were captured
in the non-crowded community. The number of Ae.
aegypti was greater than that of Ae. albopictus.

Sensitivity of semi-nested RT-PCR

In order to determine the sensitivity of the
test, dengue virus serotype 3 strain H87 was used. The
amount of dengue virus was determined by hemagglu-
tination test and converted into viral particles (107
particles/ml is equivalent to 1 HA unit). Serial 10-fold
dilutions of extracted dengue virus serotype 3 were
reverse transcribed and amplified. The limit of detection
was approximately 25 viral particles/ | (Fig. 2).

Detection of Dengue viruses in mosquitoes

A total of 400 female mosquitoes were
grouped into 40 pools (20 pools from each community).
Dengue virus was detected in 2 pools, one from the
crowded community and another from the non-
crowded community. Only dengue virus serotype 3
was found. Both infected mosquito pools contained
only Ae. aegypti mosquitoes (Fig. 3).

Discussion

The prevalence of Ae. aegypti and Ae.
albopictus mosquitoes in the present study were 97.75
and 2.25% respectively. The magnitude of differences
between the two species in the present result is
different from that of the previous study by Thavara
et al on Samui Island, Thailand during the rainy
season. Ae. aegypti in their study contributed 75.4%
of indoor biting activity, whereas Ae. albopictus
contributed 24.6% of indoor biting activity. Relatively
low frequencies of Ae. albopictus in the present study
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Fig. 1 Graph illustrating Aedes mosquito landing rate
between 10.00 am to 5.00 pm
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Fig. 2 Agarose gel electrophoresis of the second-round semi-
nested PCR quantitated Dengue serotype 3 RNA.
Serial 10-fold dilutions were reverse transcribed and
amplified as indicated above each lane. Molecular
weight (M) markers are shown of the left

600 bp S

100 bp

Fig 3. Agarose gel electrophoresis of dengue virus detection

in field caught mosquito. Molecular weight (M)
markers are shown of the left., lane 1: virus-free
mosquito sample were as negative control, lane 2:
dengue virus serotype 1 was used as a positive control,
lane 3-8:Field caught mosquito samples, dengue virus
serotype 3 was detected in lane 7

may be due to the lack of their natural habitats during
the dry season. In addition, Ae. albopictus breeding
potential is expected to decline in highly urbanized areas
due to a reduction of outdoor natural site. Moreover,
the biphasic landing activities demonstrated in the
present study was similar to that reported by Thavara
etal. However, the landing activities shown in the present
study were peaked at early and late afternoon (Fig. 1),
while Thavara et al reported the peaks of landing
activities during the morning and afternoon hours.
There have been a number of studies on
detection of dengue virus in field-caught mosquitoes.
The mosquito infection rates in Thailand ranged
from 3.6% to 61.5% in previous studies 101319, The
rates of infection were different due to various factors
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including virus stain, susceptibility of mosquito species,
sensitivity of virus detection techniques, study sites,
and period of investigation. Indeed, the differences of
these infection rates were primarily due to the sensitivity
of detection employed in each study. The technique used
in the present study, semi-nested RT-PCR, is believed
to be one of the most sensitive methods to detect RNA
virus in specimens. The present study showed the
detection of 25 viral particles.

Although the authors proposed that dengue
virus infected mosquitoes were more prevalent in
crowded communities, the present result did not
agree with the hypothesis. The number of infected
mosquitoes in crowded and non-crowded communities
was not different from the infection rate of 5% from
both communities. The incidence of dengue infection
in crowded communities is usually higher than that
of non-crowded communities. The reason for this, despite
equally prevalent infected mosquitoes, might be that
more people would be accessible to the mosquitoes in
acrowded areavis- -vis in a non-crowded community.

Ae. aegypti mosquitoes were confirmed to
be the most important vectors for dengue virus
transmission in the present study. Ae. albopictus
mosquitoes, however, should be underestimated in
this context, since the present study was done during
the dry season when their natural habitats were
depressed. Moreover, preference was given to Ae.
aegypti mosquitoes because collection of mosquitoes
in the present study was done indoors.

Dengue virus serotype 3 was identified in
mosquito pools both from crowded and non-crowded
communities. Interestingly, dengue virus serotype 3
was recently not isolated from patients from Bangkok
Metropolitan areas where the present study was
carried out. Whether this study result would predict
dengue serotype prevalence in the following dengue
season remains to be seen and warrants further study.

Acknowledgements

The authors wish to thank all the staff of the
Department of Parasitology, Faculty of Medicine,
Chulalongkorn University. This work was supported
by the Project For Enhancing Self Learning Experience,
Chulalongkorn University, the Molecular Biology
Project, Faculty of Medicine, Chulalongkorn University

S132

and the Thailand Research Fund.

References

1.

10.

11.

12.

13.

14.

15.

16.

Russell PK, Gould DJ, Yuill TM, et al. Recovery of dengue-
4-viruses from mosquito vectors and patients during an
epidemic of dengue hemorrhagic fever. Am J Trop Med
Hyg 1969; 18: 580-3.

Scanlon JE. The distribution of Aedes aegypti in
Thailand. Mosq News 1965; 25: 199-203.

Pancharoen C, Kulwichit W, Tantawichien T, Thisyakorn
U and Thisyakorn C. Dengue infection: A global concern.
J Med Assoc Thai 2002; 85: S25-33.

Center of dengue control, Bangkok Metropolitan
Authority. 2002 dengue case report.

The Minister of Public Health (Thailand). An overview
of treatment and research on dengue hemorrhagic fever
1998; 1-2.

World Health Organization. Dengue Haemorrhagic Fever:
Diagnosis, Treatment, Prevention and Control, 2" edn.
Geneva, Switzerland 1997.

Thavara U, Tawatsin A, Phan-Urai P, et al. Dengue vector
mosquitoes at a tourist attraction, Koh Samui, in 1995.
Southeast Asian J Trop Med Pub HIth 1996; 27: 160-3.
Chansang C. Survey of DHF vectors. Biology, ecology
and control of mosquitoes in Thailand, 2001: 42-5.
Thavara U, Tawatsin A, Chansang C, Kong-ngumsuk W,
Paosriwong S, Boong-Long J, Rongsriyam Y, Komalamisra
N. Larval occurrence, oviposition behaviour and biting
activity of potential mosquito vectors of dengue on Samui
Island, Thailand. J Vec Eco 2001; 26: 172-80.

Goh KT. Dengue-a reemerging infectious disease in
Singapore. Ann Acad Med Singapore 1997; 26: 664-70.
Chow VT, Chan YC, Yong R, et al. Monitoring of dengue
viruses in field-caught Aedes aegypti and Aedes albopictus
mosquitoes by a type-specific polymerase chain reaction
and cycle sequencing. Am J Trop Med Hyg 1998; 58(5):
578-86.

Lanciotti RS, Calisher CH, Gubler DJ, Chang GJ, Vorndam
AV. Rapid detection and typing of dengue viruses from
clinical samples by using reverse transcriptase-polymerase
chain reaction. J Clin Microbiol 1992; 30: 545-51.
Kow CY, Koon LL, Yin PF. Detection of dengue viruses
in field caught male Aedes aegypti and Aedes albopictus
(Diptera: Culicidae) in Singapore by type-specific PCR.
J Med Entomol 2001; 38: 475-9.

Harris E, Roberts TG, Smith L, Selle J, Kramer LD, Valle
S, Sandoval E, Balmaseda A. Typing of dengue viruses in
clinical specimens and mosquitoes by single-tube
multiplex reverse transcriptase PCR. J Clin Microbiol
1998; 36: 2634-9.

Liu HS, Lin YL, Chen CC. Comparison of various methods
of detection of different forms of dengue virus type 2
RNA in cultured cells. Acta Virol 1997; 41: 317-24.
Ahmad R, Ismail A, Saat Z, Lim LH. Detection of dengue
virus from field Aedes aegypti and Aedes albopictus
adults and larvae. Southeast Asian J Trop Med Public
Health 1997 Mar; 28(1): 138-42.

J Med Assoc Thai Vol. 87 Suppl. 2 2004



N198159AANTNTBTE Dengue viruslugaargggauaslng 98 Semi-nested Reverse

Transcriptase - Polymerase Chain Reaction (Semi- nested RT- PCR)

SUWS YinEFMI91979, WIANT AUIEWIA, ATUIT WIATAUINTY, Unsg visagm, nawus AnsinAa,
wsia @seciaiies

Z%Zﬁ@m@@nﬂ“muﬂuﬁzywmvmmngwﬁﬂ"m”zyiﬂmﬂmmZwmmwzv7srﬂmm’lm@ﬁ'ﬂmm”u@@mﬁm21;
amgreslsainanide Dengue virus 39y 4 serotypes AB DEN-1, DEN-2, DEN-3 uaz DEN-4 lagilteaneiing
(Aedes aegypti) AZENAEIAY (Aedes albopictus) Lﬂuwmzu"’)fmﬁﬂ"m”zy iilnsansaludenuassaTud iy
nssnwuazileeiiladanaen nwﬂouﬂummﬂ%ﬁﬂuwwmﬁfm5@Lﬂu3§ﬁﬁﬂi35w§mwﬁmiunmen”u
UAZAILANNTIZLNATEN 7R ﬁ@@uunmfhi wimfmﬂmﬁm/?mmmmmmE/ UAz mmummmﬂuwmumm?ﬁ
mmmmmum?izmmmfmZm@m\mﬂimmmw Fudunizdisaaifs mmmmsmmmZomiﬂ/m@m@@nwmimm
Farsaunsan lunsieze3alsn zqwmﬂmmﬂ?wmwouwﬂo,ﬁ/fm Zma@mm@vz,ijzvsluuﬂmwmmuqmnm
Insdinazdnisse mm’luqm/u muumrmmwnm@ZomZﬁ/z,zv@m@@niummqumLmeqmmmmmZﬂu
MsvIenssELIn e lsAiaz mmu’luqm/u Lum@’mﬂ“mmmmsﬂwﬁommumz/u@mmzmuoummwmw
Inideneenetadluynn Aniunsasaan i ZomZum@'7mqm@uﬂmﬁmmmiomzmmw,mz@q 78 semi-nested
RT-PCR ulumeilaiiiaaiula uasnaiusmnz genaaz “m399v 1T I 5AuLAL m/?mmﬁ@y?um tj'ié”ﬂimyw”")mm%m@
Zﬁmmﬂum@'mflunmmwwmmmmu 400 i Tmmmmwmmm@'mnjwﬁmmmm UAz mnmuw?msﬁlu
TUTULOBAAMN 9 LB wmm 391 m;ﬂummymuum 9 FautTuguansao mnnumﬁu 40 nzvmwwﬂom
lnidenseningds RT-PCR Wi 2 memmmwf@hmm@@n 5% uaziilu serotype 3 AMMMIFEITIANTE
mem@@nYugmmsmn?mum 2 uwﬂumm@um Tumandiaasumnanariy

J Med Assoc Thai Vol. 87 Suppl. 2 2004 S133



