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Abstract

In August 2008, a team from the National Environmental Agency conducted an entomological investigation of a
chikungunya cluster in Singapore, with the primary aim of identifying the vector responsible for the outbreak
and to assess the vector control operation. A total of 173 adult mosquitoes were caught using both the sweep-net
method and the BG Sentinel Traps in and around the affected workers’ quarters. Of these, 120 (69.4%) were
Aedes albopictus and the rest were Culex quinquefasciatus. More than 2700 Ae. albopictus larvae were also collected
from 33 breeding habitats detected. No Aedes aegypti was found. During the preintervention period, 6 (8.4%) out
of 71 adult female Ae. albopictus were found positive for the chikungunya virus (CHIKV). Vector control mea-
sures resulted in a 90% reduction of adult Ae. albopictus caught by BG Sentinel Traps. Postintervention sur-
veillance revealed the presence of CHIKV-positive mosquitoes. These findings led to continued intensive vector
control operation in the affected area that further reduced vector population and interrupted the transmission
of the disease. The E1 gene sequence of the CHIKV was identical to those of CHIKYV isolated from human
chikungunya cases working in the affected area, and contained the A226V mutation. The incrimination of
Ae. albopictus as a major vector involved in the transmission of A226V CHIKV had led to the revision of
chikungunya control strategy in Singapore. This study suggests the benefit of a vector control program that

includes the evaluation of control measures in conjunction to virological surveillance in vector population.
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Introduction

HIKUNGUNYA FEVER IS a mosquito-borne disease caused

by an Alphavirus belonging to the Family Togaviridae. In
Africa, though the virus had been transmitted mainly by the
sylvatic mosquitoes, Aedes africanus, Aedes furcifer, Aedes tay-
lori, Aedes leutocephalus, and Aedes cordellieri, involvement of
Aedes aegypti and Aedes albopictus in recent years have been
reported (Diallo et al. 1999, Pastorino et al. 2004, Peyrefitte
et al. 2007, Sang et al. 2008). In contrast, outbreaks of chi-
kungunya virus (CHIKV) in Asia have mainly been associ-
ated with urban Ae. aegypti and more recently Ae. albopictus
(Powers and Logue 2007, Ng et al. 2009b). CHIKV was first
isolated in 1953 in the former Tanganyika (present day Tan-
zania) (Robinson 1955). Between 1960 and 2000, transmissions
were evident in numerous countries in Western, Central, and
Southern Africa. In the same period, sporadic localized out-

breaks have also been reported in South Asia (India, Sri
Lanka, and Pakistan) and South East Asia (Malaysia, Phi-
lippines, Indonesia, Cambodia, Vietnam, Myanmar, and
Thailand) (Halstead 2007, Powers and Logue 2007, Ng et al.
2009a).

Chikungunya had largely been a neglected disease until an
unprecedented outbreak occurred in the Indian Ocean Islands
in early 2005, when several hundred thousands of cases were
reported from Comoros, Reunion, Seychelles, Mauritius, and
Mayotte (Chastel 2005, Josseran et al. 2006, Renault et al. 2007,
Beesoon et al. 2008, Kariuki Njenga et al. 2008, Sang et al. 2008,
Sissoko et al. 2010). Since then, the spread of the virus has
caused fresh outbreaks in Asia. India saw an epidemic wave
that swept throughout the country, with >1 million cases
reported (Yergolkar et al. 2006, Kumar et al. 2008). Chi-
kungunya epidemics were also reported in Sri Lanka, Mald-
ives, Malaysia, and Thailand (Noridah et al. 2007, Sam et al.
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2009, Hapuarachchi et al. 2010). In 2007, >200 cases of chi-
kungunya were reported in Italy, indicating that the disease
was not restricted to developing tropical countries (Rezza
et al. 2007).

The first documented emergence of chikungunya in Sin-
gapore in January 2008 was limited to a cluster of 13 reported
cases, which was successfully contained by combining ag-
gressive vector control operations with active case detection
and isolation of patients (Ministry of Health 2008, Leo et al.
2009, Ng et al. 2009b). The virus belonged to the East, Central,
and South African (ECSA) genotype and adult vector
surveillance conducted in the cluster area only yielded Ae.
aegypti. After 3 months of quiescence, local outbreaks of chi-
kungunya resurfaced in May 2008 and the circulating virus
was found to be the A226V variant of the ECSA genotype.

In August 2008, a team comprising field and laboratory
personnel from the National Environmental Agency con-
ducted an entomological investigation and control of a chi-
kungunya cluster in an industrial area of Singapore. This
study suggests the importance of integrating field and labo-
ratory tools in the control, and the value of evaluation of
control operations in the management of a chikungunya
cluster.
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Methods
Study site and chikungunya cases

Twenty-six cases of chikungunya were reportedly linked to
a concrete slabs factory with 70 workers and scores of people
visiting the factory each day (Fig. 1). The premises of the
factory, which included a workers” dormitory, was located in
Kranji (1°25'30"”N, 103°45'43"E), an industrial estate in the
rural part of northwest Singapore. The vegetation (grass, ba-
nana, and papaya plants) within the 20ha premises was
sparse and mostly found along the perimeter of the premise.

Mosaquito collections

Adult mosquito surveillance. Adult mosquito surveil-
lance was first carried out to determine the vector involved in
the chikungunya cluster, and subsequently to evaluate the
impact of vector control intervention. Due to the urgency in
managing the cluster, the preintervention surveillance was
carried out within 16 h (14:00h of day 0 to 06:00h of day 1)
using two methods—sweep-net method for collecting resting
mosquitoes and BG Sentinel mosquito trap (BGS Trap) (Bio-
gents GMbH) with BG-Lure™ for host-seeking mosquitoes.
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FIG. 1. Number of chikungunya cases, number of Aedes albopictus caught with BG Sentinel Traps, and vector control
activities at the study site (July-September 2008). In response to a notification of a cluster on day 0, adult mosquito
surveillance using sweep net and search and destroy of breeding habitats were concurrently conducted in the afternoon. By
18:00 h of day 0, BG Sentinel Traps were set up and indoor ULV misting was carried out. On day 1, mass outdoor thermal
fogging was conducted after removal of the traps. Finding of continued presence of infected mosquitoes in the morning of
day 2 triggered more vector control activities on days 3, 4, and 5. Meanwhile, search and destroy of breeding sites continued

daily for a month (not shown).
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The sweep-net method was performed by 12 officers from
14:00 to 17:00h (day O, preintervention), before the start of
chemical fogging and misting activities. Nets were moved
swiftly over tables, beds, clothing, vegetation, and so on, and
were periodically checked for any mosquitoes captured. In
areas where the net could not access, the surrounding area
was tapped/disturbed to cause resting mosquitoes to escape
to the open. Escaping mosquitoes were then caught with the
nets. All mosquitoes caught were transferred to screw-cap
plastic vials and labeled accordingly. Sweep-net catches were
done inside and around the workers’ quarters, in an adjacent
open shed that houses machineries and in nearby vegetation
opposite the workers” quarters. For the collection of host-
seeking mosquitoes, four BGS Traps were set outdoor, around
the vicinity of the workers” quarters and in the open shed,
according to the manufacturer’s recommendation, previously
described (Maciel-de-Freitas et al. 2006). During the pre-
intervention phase (day 0), the four BGS Traps were set at
17:00h and retrieved at 06:00h, the following day (day 1).
Catch bags were checked for the presence of mosquitoes, and
all mosquitoes trapped were transferred by a mechanical as-
pirating device to screw capped vials. Identification and
analysis were performed by the Environmental Health In-
stitute (EHI), a mosquito reference laboratory in Singapore. To
determine the effectiveness of the vector control activities, the
same number of BGS Traps was placed at the exact location
and the area was monitored weekly for 7 weeks (Fig. 1).
During this period, the traps were set from 16:00 to 10:00 h the
following day.

Adult mosquito processing and identification

Mosquitoes were freeze-killed, at —20°C, sorted according
to sex and species, and identified using the taxonomic key of
Rueda (2004). All Aedes sp. mosquitoes were tested for CHIKV
by reverse transcription polymerase chain reaction (RT-PCR)
on the day that they were caught. Individual mosquitoes or
pools of male mosquitoes were homogenized in 200 uL of
MEM with Earle’s Salts (PAA Laboratories) supplemented
with 1x fungizone. The homogenate was clarified by centri-
fugation at 14,000 rpm for 10 min, before 140 uL of the su-
pernatant was used for the viral RNA extraction.

CHIKV detection by RT-PCR

The presence of CHIKV in mosquito samples was deter-
mined by RT-PCR detection of CHIKV nonstructural protein
1 gene (Ng et al. 2009b). Briefly, CHIKV RNA was extracted
from mosquito homogenate by QIAamp viral RNA minikit
(Qiagen), and the amplification was performed in a Light-
Cycler 2.0 system by using LightCycler RNA Master SYBR
Green Kit I (Roche Diagnostics, GMbH) according to the
manufacturer’s recommendations.

CHIKV isolation

CHIKYV isolation was performed on all samples that were
positive by RT-PCR assay. Fifty microliters of each mosquito
supernatant was inoculated into a 25-cm® flask with 90%
confluent monolayer Vero cells. The cells were maintained on
M199 medium; supplemented with 2% heat-inactivated fetal
bovine serum, 1% HEPES buffer, 1% penicillin, 1% strepto-
mycin, 1% L-glutamine, 1% nonessential amino acids, and 1%
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sodium pyruvate; and incubated at 37°C in a 5% CO, incu-
bator. The supernatant was harvested when 75% of the cells
showed cytopathic effects, and stored at —80°C. CHIKYV in the
cell supernatant was confirmed by the RT-PCR assay men-
tioned above.

Sequencing of the CHIKV E1 gene

CHIKV E1 cDNA was synthesized directly from the RNA
extracted from each or pooled Ae. albopictus isolates using the
Superscript III First-Strand synthesis system (Invitrogen
Corp.) and the PCR products were purified using QIAquick
PCR purification kit (Qiagen) following the manufacturer’s
protocol. Sequencing of CHIKV E1 genes was performed as
previously described (Ng et al. 2009b).

Sequence and phylogenetic analyses
of the CHIKV E1 gene

Consensus sequences were obtained by assembling a con-
tiguous sequence from raw sequencing data using Seqman
software (Lasergene, DNASTAR) and aligned using Clustal
W (MegAlign software; Lasergene, DNASTAR). The se-
quences of CHIKV E1 gene from mosquito samples were
compared with those from the local human cases from the
premises, and sequences obtained from the GenBank data-
base. The phylogenetic tree was constructed according to the
neighbor-joining method (Saito and Nei 1987) using software
MEGA version 3. The model used for all analyses was Kimura-
2-parameter, including transition and transversion. Sites con-
taining missing data and alignment gaps were removed before
the analysis begin. Reliability of the internal nodes of the tree
was assessed by the bootstrap method based on 1000 replicates.

Vector control operations

On notification of a cluster of 22 chikungunya cases on 1
August 2010 (day 0), a total of 70 officers from National En-
vironmental Agency were deployed on day 0 (13:00-17:00 h)
to conduct search and destroy of mosquito-breeding habitats
in the premises of the factory and other surrounding factories.
All detected mosquito larvae and/or pupae were collected in
screw-cap plastic vials, labeled according to the type of hab-
itat, and sent to EHI for identification. Larviciding using
Abate 1% SG (Temephos) was dispensed in all breeding sites
found, at 1g/10L of water. Bti (Vectobac WG) misting using
water-dispersable granules formulation was carried out in
areas (500 g/ha) where potential breeding sites can be ob-
served but inaccessible. Overgrown vegetation was also
trimmed or removed. On the same day, after the initial adult
mosquito surveillance was conducted as described above,
indoor ultra low volume (ULV) misting of workers” quarters
was carried out using Actellic 50EC (Pirimiphos-methyl) at an
application rate of 200g active ingredient/ha. In addition,
extensive outdoor thermal fogging was carried out the next
morning at 06:00h (Fig. 1), with the same insecticide dis-
pensed by 48 portable and one vehicle mounted with thermal
fogging machines at an application rate of 100 g a.i./ha. Ap-
proximately 180ha covering the factory premise and eight
other industrial premises were targeted.

In response to results from postintervention evaluation,
chemical larviciding and adulticiding were repeated on days
3, 4, and 5 (Fig. 1). An average of 24 personnel were also
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deployed daily continue the search and destroy operation for
a month.

Results
Adult mosquito surveillance

During the study, a total of 173 adult mosquitoes, com-
prising 120 Ae. albopictus and 53 Culex sp. (Table 1), were
collected around the workers’ quarters, adjacent shed, and the
nearby vegetation and drains. Before the commencement of
vector control activities (day 0), a total of 140 mosquitoes were
caught using both the sweep-net method and the BGS Trap.
Of these, 64.3% were Ae. albopictus and 35.7% were Culex sp.
(Table 1).

Out of the 90 Ae. albopictus caught before intervention, 51
were caught using the sweep-net method and the rest (1 = 39)
were trapped using BGS trap (Table 1 and Fig. 1). Among
those caught with sweep net methods, 35 (68.6%) were fe-
male Ae. albopictus; of these, 21 (60%) were caught outdoor
(Table 1). Ten (62.5%) of the male Ae. albopictus caught using
the sweep-net methods were from outdoor locations. Among
the 39 caught with BGS trap, 36 (92.3%) were females. Ma-
jority (n=26) of the females were caught near the vicinity of
the workers’ living quarters, whereas the rest was caught
in the open shed. No Ae. aegypti was caught throughout
the study.

CHIKV detection by RT-PCR and virus isolation

All female Ae. albopictus were individually tested for the
presence of CHIKV using the real-time RT-PCR assay. For
male Ae. albopictus, nine were individually assayed, whereas
the rest were pooled with two or four mosquitoes per pool.
None of the male Ae. albopictus was found to be positive for the
virus. During the initial preintervention surveillance, six
(9.1%) female Ae. albopictus were found positive with the
CHIKV (Table 1). Three of the positive Ae. albopictus were
analyzed using whole mosquitoes; we thus could not confirm
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whether these mosquitoes would have disseminated CHIKV
in their body (Table 2). However, the other three positive
mosquitoes were found to have disseminated viral infec-
tion, as shown by the presence of CHIKV RNA in the head
and thorax region (Table 2). Four of the six CHIKV-positive
mosquitoes were caught outdoor, whereas two were caught
in the living quarters of the workers, including a case’s
quarter.

Among the CHIKV-disseminated mosquitoes, the viral
load was found to be in the range of 50 pfu to 5x10* pfu per
mosquitoes, determined by PCR using an external standard
curve generated by plotting 10-fold serially diluted virus from
a concentration of 10° pfu/mL. CHIKV from all RT-PCR-
positive Ae. albopictus were successfully isolated. Together
with the larvae surveillance (described below), the results
from the adult surveillance strongly suggest that Ae. albopictus
was the vector responsible for the CHIKV transmission.

Sequence and phylogenetic analyses
of the CHIKV E1 gene

Sequencing of the E1 gene was performed on all seven RT-
PCR-positive mosquitoes. Phylogenetic inferences (Fig. 2)
showed that all CHIKYV isolated from Ae. albopictus clustered
with those sequences obtained from human cases from the
most recent outbreak (Ng et al. 2009b), including those iso-
lated from human cases working in the concrete slabs-
manufacturing factory. They belonged to the ECSA genotype,
and had a valine at residue 226 in the E1 gene.

Search and destroy operations cum larvae surveillance

During the first 4 days of operation (days 04, excluding
day 2), a total of about 2275 Ae. albopictus larvae was collected
from 34 breeding habitats detected in the factory premise. The
most common breeding habitats were discarded receptacles,
canvas/plastic sheets, and domestic containers. A summary
of the Ae. albopictus larval habitats and average number of

TaBLE 1. THE SPECIES, NUMBER OF M0sQUITOES COLLECTED BY SWEEP-NET METHOD AND BG SENTINEL MosQuiTto TRAP,
AND THE NUMBER OF AEDES ALBOPICTUS FOUND POSITIVE FOR THE CHIKUNGUNYA VIRUS

Mosquitoes collected

Aedes albopictus

Week of Method of Number of CHIKV-positive
collection collection Female (%) Males (%) Total Culex sp. Ae. albopictus
Day 0° Sweep-net 35 (68.6)° 16 (31.4)° 51 30 5
BGS Trap 36 (92.3) 3(7.7) 39 20 1
Day 14 BGS Trap 3 (100) 0 3 3 1
Day 8 BGS Trap 0 0 0 0 0
Day 15 BGS Trap 0 0 0 0 0
Day 22 BGS Trap 0 0 0 0 0
Day 29 BGS Trap 0 0 0 0 0
Day 36 BGS Trap 5 (83.3) 1 (16.7) 6 0 0
Day 43 BGS Trap 8 (72.7) 3 (27.3) 11 0 0
Day 50 BGS Trap 10 (100) 0 10 0 0
Total 97 23 120 53 7
“Preintervention.

PEourteen (40%) and 21 (60%) were caught indoor and outdoor, respectively.
‘Four (25%) and 12 (75%) were caught indoor and outdoor, respectively.

IPostintervention (initial thermal fogging activity).
BGS, BG Sentinel mosquito Trap; CHIKV, chikungunya virus.
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TABLE 2. THE CROSSING POINT VALUE: METHODS, PLACE, AND TIMING OF COLLECTION OF CHIKUNGUNYA VIRUS-INFECTED

AEDES ALBOPICTUS AND PARTS OF THE M0sQUITOES USED

IN THE DETECTION AND ISOLATION OF CHIKUNGUNYA VIRUS

Method of Parts of mosquitoes used
Mosquito CP? value collection Place caught Pre-/postintervention in the detection of CHIKV
M-Kr15 19 Sweep-net Outdoor, nearby vegetation Preintervention Whole mosquitoes
M-Kr2 21 Sweep-net Outdoor, living quarters Preintervention Whole mosquitoes
M-Kr42 25 Sweep-net Outdoor, nearby vegetation Preintervention Whole mosquitoes
M-Kr58 30.78 Sweep-net Outdoor, living quarters Preintervention Head/thorax only
M-Kr71 21.01 Sweep-net Indoor, living quarters Preintervention Head/thorax only
M-Kr79 19.55 BGS Trap Indoor, living quarters Preintervention Head/thorax only
M-Kr84 30.5 BGS Trap Outdoor, living quarters Postintervention Head/thorax only

“Crossing point (CP) (equivalent to Ct value) derived from the

Roche Lightcycler. CP represents the cycle number that generates a

threshold amount of product, and correlates inversely to the amount of virus in the sample.

immature per habitat found in the study site is listed in Table
3. No Ae. aegypti was found.

Assessment of vector control operations

To assess the impact of the vector control measures on Ae.
albopictus population, the same number of BGS traps were set
up at the same locations. Postintervention surveillance using
the BG Trap (days 1-2) showed a reduction of 92.3% in the

number of female Ae. albopictus caught (Table 1 and Fig. 1),
demonstrating a significant reduction in the Ae. albopictus
population. However, RT-PCR revealed that one of the three
Ae. albopictus caught was infected and had disseminated
CHIKYV (Tables 2 and 3). Despite a reduction in mosquito
population, there was still evidence of infected mosquitoes.
The findings led to a follow-up indoor ULV misting and
outdoor thermal fogging on days 3, 4, and 5 to further re-
duce the risk of transmission. Subsequently, adult mosquito

M-Kr42 SG(Kranji) Aug 2008
M-Kr84 SG(Kranji) Aug 2008
FJ445479 SG (Malaysia) Jul 2008
M-BSP15 SG (Bah Soon Pah) Aug 2008
M-Kr21 SG (Kranji) Aug 2008
M-Kr71 SG (Kranji) Aug 2008
FJ445477 SG (Malaysia) Jul 2008
FJ445435 SG (Miltonia) Jul 2008
M-Kr58 SG (Kranji) Aug 2008
M-BSP7 SG (Bah Soon Pah) Aug 2008
M-Kr79 SG (Kranji) Aug 2008
FJ445443 SG (Kranji) Aug 2008
M-Kr15 SG (Kranji) Aug 2008
M-BSP7 SG (Bah Soon Pah) Aug 2008
— FJ445475 SG (Farrer Road) Jun 2008
" ' FJ445487 SG (Little India) Jan 2008
AM258990 Reunion 2006
i \_’ AY549583 Congo 2000
’ AY549584 Central Africa Republic 1996
99 L - EF051584 Cameroon 2008
AF192903 South Africa 1978
— FJ445483 SG (Indonesia) 2008
100 | —— AF192895 Philippines 1985

73 L— AF192899 Thailand 1978

AF192891 Senegal 1983

o

83

100

H
0.002

FIG. 2. Phylogenetic tree based on the E1 envelope glycoprotein genes of chikungunya produced by the neighbor-joining
method. Sequences highlighted in bold are obtained from Ae. albopictus and those underlined are from human cases detected
in Singapore. Whenever available, all sequences are labeled with GenBank accession numbers and country of origin and
isolated by year/month. In addition, Singapore isolates are labeled with the reported area or country (imported human
cases). Figures on the branches are bootstrap percentages based on 1000 replicates and only those above 70% are shown. SG,
Singapore.
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TABLE 3. SUMMARY OF AEDES ALBOPICTUS LARVAL HABITATS
AND AVERAGE NUMBER OF IMMATURES PER HABITAT
DETECTED IN THE PREMISES OF THE CONCRETE SLAB

MANUFACTURING FACTORY DURING THE 3 DAYs
OF SEARCH AND DESTROY OPERATION

Number of habitats Average number
found with Ae. of immatures

Larval habitat albopictus larvae per habitat

Discarded receptacles 8 43
Canvas/plastic sheets 6 70
Domestic containers 8 93
“U”-channel metal racks 3 83
Discarded boots 2 30
Tires 2 35
Machinery parts 1 30
Concrete slab 1 50
Safety barrier 1 200
Ground puddle 1 50
Coconut husk 1 50

surveillance using the BGS Trap did not yield any adult
mosquitoes for 4 weeks (Table 2 and Fig. 1). However, on week
5 (day 36), six adult Ae. albopictus were caught and the number
of Ae. albopictus caught increased in the following weeks (Table
2). The adult mosquito surveillance was discontinued after
week 7 (day 50). All Ae. albopictus collected from day 36 on-
ward were found to be negative for the CHIKV. In addition, no
further cases were notified after day 5 (Fig. 1).

Discussion

The interruption of transmission at the study site showed
that the comprehensive combination vector control strategies
were effective in reducing the risk of chikungunya. Chemical
adulticiding was to effect an immediate sharp reduction of Ae.
albopictus population; of particular importance was to remove
infective vectors. Thorough source reduction and larviciding
were to minimize emergence of new mosquitoes that could
cause a next wave of transmission through acquiring the vi-
rus from viraemic patients in the area. Clearing of unkempt
vegetations and general housekeeping aimed to minimize fur-
ther breeding of vectors. A similar integrated approach has
previously been reported to be successful for malaria control in
forested areas in Singapore (Lee et al. 2010). Although it was not
feasible to quantify the contribution of each component to the
reduction in Aedes population, it is unlikely that the weekly use
of four BGS traps had any trap-out effect. The total number of 70
Ae. albopictus adults caught by the traps is small compared to the
>2200 larvae found and destroyed (Table 3). It is also supported
by other studies on Ae. albopictus in Singapore (C.H. Tan, un-
published data) and a previous report on Ae. aegypti (Williams
et al. 2007), where the population of the Aedes mosquitoes were
not reduced by weekly and long-term use of the trap.

Although five more cases were detected postintervention
from day 2 to 5 (Fig. 1), it is unlikely that the cases were
infected postintervention. By day 2, they were likely already
in the incubation period, which usually lasts 3-7 days. No
further cases were reported from the study site.

Entomological investigation conducted at the concrete slab
factory yielded only Ae. albopictus and Culex sp. mosquitoes.
No Ae. aegypti larvae or adults were found. The finding of Ae.
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albopictus females disseminated with CHIKV that had the E1
gene sequence identical to those isolated from the patients
from the study area confirmed the vector role of Ae. albopictus.
It led to the revision of chikungunya control strategy in Sin-
gapore (Ng et al. 2009b). As Ae. albopictus are generally exo-
phagic and exophilic mosquitoes in contrast to Ae. aegypti, we
included measures such as outdoor thermal fogging and ex-
pansion of source reduction effort to include Ae. albopictus
habitats, in controlling this and subsequent clusters.

The viruses isolated in this cluster were of the A226V var-
iant of the ECSA genotype. Globally, the A266V mutation has
been acquired by CHIKYV in at least three independent events
(de Lamballerie et al. 2008, Hapuarachchi et al. 2010), in Re-
union, India, Cameroon, and possibly Sri Lanka. It has been
shown that the single A226V mutation in the CHIKV has in-
creased the susceptibility of Ae. albopictus to the CHIKV. This
effective partnership between Ae. albopictus and the A226V
mutant CHIKV conferred a higher vector competence to Ae.
albopictus when compared to Ae. aegypti (Tsetsarkin et al. 2007,
Vazeille et al. 2007). Studies have also shown the short ex-
trinsic incubation period of the mutant CHIKV, which can be
detected virus in the saliva of Ae. albopictus and Ae. aegypti
2 days after oral infection (Dubrulle et al. 2009). EHI has also
observed that 33.3% of Ae. aeqypti and 60% of Ae. albopictus
had disseminated A226V CHIKV in the salivary glands on
day 3 postinfectious blood meal (C.H. Tan, unpublished data).
Together, these suggested a high epidemic potential of the Ae.
albopictus—CHIKV-A226V partnership.

The high epidemic potential of CHIKYV in Ae. albopictus was
also reflected in the high infection rate (9.5%) of the female Ae.
albopictus caught in this study. In another cluster (Bah Soon
Pah area), 13% of female Ae. albopictus caught were found to
have disseminated infection (C.H. Tan, unpublished data).

Like Ae. aegypti, Ae. albopictus is highly anthropophagic
mosquitoes. Ae. albopictus has been shown to prefer human as
their source of blood meal (Ponlawat and Harrington 2005).
The relatively high proportion of Ae. albopictus caught in and
around living quarters in our study further demonstrated
such feeding behavior. Their multiple feeds within a single
gonotrophic cycle (Ponlawat and Harrington 2005) coupled
with a short extrinsic incubation period for CHIKV makes it a
highly efficient vector to transmit the virus. In the Reunion
island, 35% of 770,000 residents were infected within 15
months. Similarly, in India, Mayotte, Lamu Island, and Co-
moros, attack rate ranges from 37.5% to 75% (Ng et al. 2009a).

In Singapore, large clusters of chikungunya attributable to
the A226V strain were seen in less urbanized areas of Singa-
pore where Ae. albopictus was the predominant species (Ng
et al. 2009b). Although sporadic cases of chikungunya fever
caused by the mutant strain have also been reported in urban
parts of Singapore where Ae. aegypti is the predominant
mosquitoes, local transmission in these areas was limited.
This could be due to Ae. aegypti being a less competent vector
and/or the aggressive dengue control program, which mainly
targets the urban and suburban parts of Singapore where
dengue fever is transmitted by Ae. aegypti.

The success in interrupting transmission in Kranji dem-
onstrated the benefit of a program that includes good co-
ordination between field and laboratory personnel. The
data gathered using field and laboratory tools had assisted
in situation assessment on the ground, and in operational
decision-making in controlling the spread of chikungunya in
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Singapore. First, through the field and laboratory investiga-
tion, it became clear that we had to target Ae. albopictus that
were resting both indoors and outdoors. Second, the post-
intervention evaluation that found infected mosquitoes re-
vealed the need for more intervention, without which, we
would probably have seen more cases due to the continued
presence of infected mosquitoes in the area.
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