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© 2013 Japanese Society of Tropical MedicineAbstract: Singapore is known for its comprehensive vector control methods that keep mosquito populations at

low levels in the urban, tropical, and green city-state. This report describes the measures taken by the National

Environment Agency on the basis of observations of vector control and surveillance activities in residential areas,

construction sites, and foreign worker quarters. The government-led active operations dealt not only with mosquito

control but also social issues in urban residential buildings where people with varying preferences live, the respon-

sibilities of the business sector, and the education of multi-cultural/lingual residents and foreign workers. The pub-

lic health measures implemented in Singapore offer useful ideas to countries/cities that have not yet established

vector control programs against mosquito-borne infectious diseases.
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BACKGROUND

The urban, tropical city-state of Singapore is known to

have successfully reduced vector mosquito populations to

as low as 0.35% premise (house) index, i.e. the percentage

of premises infested by Aedes larvae and/or pupae [1]. Al-

though situated in the center of a region plagued by mos-

quito-borne infectious diseases, the vector control program

of Singapore has led to moderate disease prevalence and/or

quick control of domestic outbreaks [2]. The leadership of

the National Environment Agency, Singapore (NEA, a stat-

utory board under the Ministry of The Environment and

Water Resources) is the key to deployment of an intergov-

ernmental approach and promotion of the so-called “3P”

partnership. The 3P partnership connects people (volunteers

and grassroots organizations), the private commercial sector

(service providers and professional associations) and the

public sector (government agencies). The elimination of

mosquito breeding sites has not been an easy task even for

Singapore, because changes in vector behavior, exacerbated

by the rapid urbanization and industrialization of the coun-

try, provide many additional potential breeding habitats.

Moreover, the competence of a previously insignificant

vector can suddenly increase due to a new disease, virus

mutation, or other factor. For example, in early 2008 Sin-

gapore successfully contained the first domestic chikungu-

nya fever outbreak mediated by peri-domestic Ae. aegypti.

However, a larger and persistent outbreak in a less urban-

ized area occurred three months later. This outbreak was

triggered by importation of a mutated virus, enabling Ae.

albopictus to mediate efficiently. This vector was more ac-

tive in outdoor environments. Consequently, the NEA re-

vised the previous vector control strategy that had worked

for Ae. aegypti to additionally target Ae. albopictus [3–5].

This paper aims to describe how vector control and

surveillance operations are performed by the NEA using

photographs and field observations conducted between Sep-

tember 2008 and March 2011. Singapore defines vector

control as “the destruction, or the prevention of propagation

or harboring of vectors” [6]. As Dengue and Chikungunya

virus infections emerge and re-emerge globally, the NEA’s

identification of mosquito breeding habitats and the resil-

ient vector control shows the kind of public health measures

that may be required to gain a similar level of control. This

knowledge is relevant to countries/cities without effective

vector control programs but with susceptible populations

living in densely populated urban areas where vector mos-

quitoes are prevalent. Even such indigenous pathogenic vi-

ruses are unavailable to sustain transmission, importation of

virus remains possible.
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INSPECTION OF SINGAPORE RESIDENTIAL AREAS 
September 11, 2008

In the island city-state, vector surveillance activities

are usually conducted in the field in the morning before the

heat of the tropical sun becomes unbearable. The weather

was partly cloudy; temperature was 28°C at 9 a.m. and 30°C

by 11:30 a.m.; and the relative humidity was 61 to 94% [7].

A senior manager of the NEA and I joined NEA officers on

a visit to an area of private houses locally known as “landed

properties.” A landed property area features a number of

two-story houses (usually) and represents luxury in the

compact republic where approximately 80% of the popula-

tion reside in public high-rise apartments.

Counter-intuitively, the residents with a higher socio-

economic status are more vulnerable to vectors because of

their proximity to the ground. The percentage of premises

breeding Aedes mosquitoes around landed houses has been

consistently higher than other types of residence, i.e. public

flats and condominiums [1]. Upon receipt of consent, the

vector control team entered the gate. The residents were not

obliged to cooperate with this regular surveillance, as they

would during an outbreak investigation, but on this day

there was not a single case where the NEA officers were de-

nied entry. They were only unable to conduct inspections

when the residents were away. The officers climbed the roof

of each house to check the condition of gutters. If roof gut-

ters are found to contain stagnant water, the NEA serves a

letter requesting owners/residents to remove the gutters or

to show that they are capable of maintaining the roof gutters

in good condition. This is because rainfall trapped in gutters

is an attractive egg-laying site for female mosquitoes. In

compliance with the NEA’s community outreach efforts,

none of the flower pots in gardens was found to have a plate

under the bottom, another potential mosquito breeding site.

The vector surveillance at the landed properties was fol-

lowed by application of pesticide in water drains between

houses and streets. Although the frequent tropical showers

could potentially wash the insecticide away, the spraying

operation was conducted as a precaution since some resi-

dents were away, leaving their houses uninspected. The ex-

tra caution was warranted because it was not rare to find

some properties left unoccupied for long periods, and it

often took more than two or three weeks to contact the

owners. However, NEA officers are allowed to make a

forced entry in shorter time if deemed necessary [8].

The next field of investigation was a nearby housing

complex of affordable public high-rise apartment buildings.

These public apartments are home to multi-racial residents,

and each building of an apartment complex has several units

on each floor (Photo 1). If the residents are not available

during the day, the NEA makes appointments in the

evening. As Photo 2 shows, residents of the tropical city-

state of Singapore sometimes leave front doors open, while

keeping metal or wooden gate doors locked, for air circula-

tion. Since the corridors are in the outside open air, keeping

the environment free of mosquitoes is an important prereq-

uisite for the prevention of mosquito-borne infectious dis-

eases. When the inspector realized that one resident was an

aged Chinese Singaporean with a poor command of

Photo 1. An open corridor in an apartment complex.

Photo 2. The gate door is locked while the main front door is

left open for air circulation.
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English, she spoke in one of the Chinese dialects instead of

English while conducting the premise inspection. This was

followed by a public education effort to remind the resident

of precautionary measures. Multi-racial officers skilled in

multiple languages are very helpful in out-reaching to the

community.

On the 19th floor, one NEA officer was carefully

checking water pipes to determine if there was leakage from

water tanks that once resulted in mosquito breeding. We

then returned to the ground floor to check outside the build-

ing, beginning with the air conditioners. The NEA officers

noticed a tray underneath an air conditioner on the top floor

that tended to collect water. Photo 3 shows a gas chamber

with a coin-size key hole filled (left), and the surrounding

gaps of another tightly sealed (right). These alternations

were made because rainwater previously fell through key

holes and gaps, creating mosquito breeding sites. There

were other areas around the building that required inspec-

tion, such as a multi-story car park. Not only does the base-

ment ground tend to become wet with tropical rain, but the

officers previously found a puddle near a fire-hose reel

compartment serving as a mosquito breeding habitat. This

was due to the unauthorized and irresponsible act of a resi-

dent who washed his car and left water dripping from the

valves. The officers also inspected places where residents

congregate for meetings and functions.

We then left the estate to walk to a nearby bus stop,

where trees and plants were growing and the ground was

damp from a previous rainfall. The NEA senior manager

explained that even flowerpots along the walking bridge can

become sources for an outbreak of dengue fever (Photo 4).

On the way to another public high rise apartment complex,

my attention was called to red and white plastic safety bar-

riers typically seen in construction sites throughout the

country (Photo 5). These can be filled with sand for stabili-

zation, but some contractors use water instead because it is

easier to discard when relocating the barriers to another

construction site. The plastic barriers gradually crack in the

sun, and female mosquitoes lay eggs in the water between

the cracks.

The NEA officers must pay additional attention to the

different design and structure of each apartment complex.

The residents of a particular complex we visited place nu-

merous flower pots and planters along common corridors.

Hence, black plastic oviposition traps (ovitraps) are placed

in the corridors. An ovitrap is a monitoring tool that forms

part of the NEA’s preventive surveillance regime. Checking

them weekly is labor-intensive but enables the NEA to de-

termine the prevalence and species of mosquitoes. Ovitraps

attract a female mosquito to lay her eggs on the wooden

paddle hatch of a water-filled cylinder container. The eggs

fall through a wire mesh and develop into adults, but the

adult mosquitoes are trapped inside the container, unable to

escape through the mesh (Photo 6). Although the number

fluctuates depending on the season, 2,000 to 3,000 ovitraps

are deployed in areas at high risk across the country to mon-

itor Aedes mosquito behavior. The geographical distribution

of mosquito breeding sites is captured on geographical in-

formation system (GIS) maps for planning and analytical

purposes. This strategy enables the NEA to preemptively

remove mosquito breeding habitats in many areas even be-

fore cases of Dengue virus infection materialize.

Photo 3. Utility chambers with a key hole and surrounding

gaps tightly sealed.

Photo 4. Flower pots along the walk bridge can be sources of

mosquito breeding.

Photo 5. Safety barriers served as breeding sites for mosquitoes.
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SURVEILLANCE AT A CONSTRUCTION SITE 
March 11, 2009

The Code of Practice of Environmental Control Offic-

ers (ECO) in Singapore lays out guidelines for contractors

who perform work on construction sites [9]. Section 3.1

stipulates that contractors must employ a part-time ECO for

construction projects exceeding Singapore $10 million and

a full time ECO for projects exceeding $50 million [9].

Accordingly, each contractor hires pest controllers and ap-

points housekeeping staffs to clean the ground floor every

morning and apply anti-mosquito oil twice a week. This

measure is in compliance with the standard procedure rec-

ommended by the NEA and based on the Control of Vectors

and Pesticides Act. A layer of “anti-malaria oil” is expected

to suffocate larvae of a wide spectrum of mosquito species.

The NEA checks construction sites once a month; violation

can result in penalties, the most severe being an order to

stop construction.

We visited a construction site where a private condo-

minium complex comprising five 19-story buildings with

four units on each floor was being built. The purpose of this

visit by a team of two NEA officers and one pest controller

hired by the NEA was to investigate places that might have

been overlooked by the in-house pest control unit working

for the contractor. The NEA officers started inspecting from

the top floor, walking down one floor at a time and going

through each unit before reaching the ground floor. Con-

struction sites are treated with special caution because they

are areas with a high potential for mosquito breeding in

Singapore. Indeed, inherent conditions including water bar-

rels placed on each floor to use when mixing cement exist in

addition to water puddles created inside the units by the fre-

quent tropical rain showers. A number of spots were hidden

by materials stored on the ground floor (Photo 7, 8). The in-

spection also involved the surrounding areas, including

places where construction workers from foreign countries

stay. From experience, the NEA officers checked the bot-

tom of the refrigerator and found stagnant water. The bot-

tom tray must be cleaned periodically because Aedes mos-

quito eggs can develop into adult mosquitoes in less than a

week under optimal conditions [10].

If larvae are found in the construction site, the NEA of-

ficers collect and send samples to the agency’s laboratory

for investigation. If mosquitoes are found at a high density,

the contractor is likely to be ordered to close down for a day

or more and to perform thorough cleaning operation. And

the NEA will return to ensure that the conditions are im-

proved. Alternatively, the contractor of the construction site

may be fined.

Photo 6. A complete ovitrap set: container, stopper, and float

with paddles.

Photo 7. The NEA pest controller reaches into the bottom of

the hidden place to inspect the areas where materials are

kept on the ground floor.

Photo 8. Metal rods used to strengthen cement walls. Private

in-house pest controllers are likely to miss this area be-

cause of the unstable foothold.
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INSECTICIDE APPLICATION AT TEMPORARY 
WORKER QUARTERS 

March 2, 2011

As a precautionary measure, the NEA conducts a rou-

tine ultra-low volume (ULV) misting in worker quarters ei-

ther monthly or once every few months with the coopera-

tion of employers of foreign laborers working at various

construction sites in the republic. If a cluster of Dengue or

Chikungunya virus infection is reported among workers, the

NEA will perform the ULV misting immediately. Photo 9

shows the equipment used for the application. Apparently,

this method is better accepted by people because it is un-

likely to leave oil stains on furniture and surface floors. We

visited a three-story building with several rooms on each

floor. The rooms with open windows and curtains com-

monly have no air conditioners and use electric fans. There

are en-suite shower and toilet facilities in the back area

while lockers and double-deck beds occupy the floor. Since

each room is used by a different company hiring different

nationalities of workers, notices in a variety of languages

are posted on the entry doors. These outline rules in the

worker quarters and give photographic examples of viola-

tions that may result in penalties.

During one time-consuming operation, we checked in-

side the room for mosquito breeding sources, and covered

open food and/or drinks before applying the insecticide.

The rear portion of each room was crowded with clothes,

suitcases and other personal belongings, making it difficult

to move between beds and lockers during the ULV applica-

tion in each room. The operation team consisted of two con-

tract workers with a supervising NEA officer. One worker

wearing a thick protective mask used the applicator ma-

chine followed by another worker handling the long electric

cable. The NEA supervisor behind the workers occasionally

used a laser beam to direct their attention to areas in the

room requiring ULV misting. The use of laser light made

sense because the ULV machine was very noisy and inhib-

ited verbal communication. Following the supervisor’s in-

structions, the first contract worker applied ULV under a

bed, a place that he might otherwise have missed. Assigning

at least one supervisor from the NEA is, therefore, essential

to ensure good ULV operations. The misting continued into

the back of the room and the shower/toilet areas adjacent to

the room. All rooms on each floor were treated in the same

manner. It is important to check inside drains for mosquito

breeding outside the building.

DISCUSSION

Most of the foreign workers engaged in construction

work in Singapore are said to come from India, Bangladesh,

and the People’s Republic of China. The NEA senior man-

ager finds it helpful to speak to them in their native lan-

guages so the foreign workers can understand and feel com-

fortable. This has enabled the NEA officers to explain why

controlling mosquitoes is so important. Understandably, the

first priority of the workers is to earn as much money as

possible before their contracts expire, so they tend to pay lit-

tle attention to mosquitoes and to take fever lightly. Further-

more, these daily-paid workers hesitate to report sick be-

cause they fear losing their daily wages. This delays the de-

tection of potential Dengue or Chikungunya virus infection

cases, and late detection can eliminate opportunities to pre-

vent subsequent transmission to colleagues and others.

Singapore’s vector control shows the importance of

engaging large construction companies in public health ef-

forts when some companies may choose to pay penalties in-

stead of investing financial and human resources in vector

control. Social responsibility in the business sector will re-

main a critical prerequisite for the success of public health

interventions. Moreover, each vector control and surveil-

lance operation is followed up with evaluation and feedback

in Singapore, which provides the NEA with necessary vec-

tor and environmental data. The surveillance followed by

evaluation and feedback helps improve the vector control

strategies, allows evaluation of progress through public ed-

ucation, and eliminates mosquito breeding to preempt po-

tential future outbreaks.

These examples of NEA operations may not be suffi-

cient. This report introduces the proactive surveillance and

control activities of the NEA involving 900 officers work-

ing in premises and outdoors island-wide (as of the year

2009) as well as pest control operators. However labor-

intensive, the NEA’s surveillance and control activities must
Photo 9. Pesticide (white color) is stored at the bottom of the

ULV misting equipment.
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be performed to keep the vector mosquito population low in

the urban environment. The NEA is aware that good vector

control cannot be achieved by itself and continues to send a

strong message through public education, insisting that re-

sponsible, careful, and cooperative individuals and commu-

nities are essential to maintain a healthy environment in

Singapore. The activities we observed at residential areas,

construction sites, and foreign worker quarters reflect the

challenges that public health authorities may face in other

countries/areas. They also show that controlled urban devel-

opment, legal frameworks, public education, cooperation of

residents, social responsibility of businesses, and multi-

cultural/lingual communication with residents and foreign

workers are needed for an effective vector control program.

Disclaimer: The views expressed herein are those of

the author and do not necessarily reflect the views of the

NEA.
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