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COMMUNITY PARTICIPATION AND APPROPRIATE TECHNOLOGIES
FOR DENGUE VECTOR CONTROL AT TRANSMISSION FOCI

IN THAILAND

PATTAMAPORN KITTAYAPONG, URUYAKORN CHANSANG, CHITTI CHANSANG AND
AMARET BHUMIRATANA

ABSTRACT. A community-based dengue vector control trial was conducted at transmission foci in
Plaeng Yao District, Chachoengsao Province, eastern Thailand. Implementation was done by the local
community in collaboration with local administration, public health, and school authorities. Our cost-
effective approaches combined a source reduction campaign with appropriate vector control technologies
applied within the foci (within 100 m around the foci) and also within schools attended by children from the
treated areas. Vector management measures by local government included cleanup campaigns before the
rainy season followed by a routine garbage pickup during the rainy season. Locally made screen covers for
water jars, a combination of local Bacillus thuringiensis subsp, israelensis and Mesocyclops thermocyclopoides
(copepod), and locally made lethal ovitraps were appropriate technologies used by the community in this
campaign. The success of our intervention was evidenced by the significant reduction of dengue vectors and
dengue hemorrhagic fever cases in treated areas compared with untreated areas.
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INTRODUCTION

Dengue fever (DF) and dengue hemorrhagic
fever (DHF) are considered important reemer-
ging arboviral diseases in many tropical parts of
the world. The pathogen consists of 4 serotypes
of dengue virus designated as DEN1, DEN2,
DEN3, and DEN4 (Gubler 1987). In Thailand,
epidemic dengue was first recognized in 1958 and
since then, the disease has become widely
accepted as one of the major public health
problems (Nimmannitya 1978, Kantachuvessiri
2002). The largest outbreak of DHF in Thailand
occurred in 1987 with 174,825 cases and 1,007
deaths reported (Ungchusak and Kunasol 1988,
Sucharit 1993). Unless the current trend of
epidemics is reversed, DHF will remain a public
health problem in Thailand (WHO 1999).
Aedes aegypti is the major vector of dengue in

most countries, and dengue virus has frequently
been isolated from field-caught Ae. aegypti adults
(Smith et al. 1971, Gubler 1987, Thavara et al.
1996). This introduced mosquito was first found
in Thailand in 1907 and has now spread
throughout the country. Larval developmental
sites are found close to human dwellings, because
it prefers clean water in many types of domestic
containers, especially typical water storage jars
and cement bath basins (Kittayapong and Strick-
man 1993a, Strickman and Kittayapong 2002).
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Because dengue has 4 viral serotypes and
a quadravalent vaccine is still not available,
control efforts in Thailand have focused on
controlling mosquito vectors. From the initial
program in the 1960s, vector control for dengue
by the Ministry of Public Health has concentrat-
ed on insecticide spraying to control adults and
on temephos (1% Abate sand granule) to control
larval stages. However, despite intensive vector
control programs and established vector surveil-
lance strategies countrywide, the successful sup-
pression of dengue transmission has not been
fully achieved as indicated by the number of
reported cases in Thailand over the past 10 years
(exceeded 30,000/year). This rate may be due to
weaknesses in program management or to a lack
of control efficiency. The lack of efficacy of ultra-
low volume and thermal fog application tech-
niques has led to a reevaluation of recommended
strategies for prevention and control of Ae.
aegypti ranging from integrated approaches to
community participation (Gubler and Clark
1996). In addition, the consequences of the
intensive use of insecticides has caused insecticide
resistance in many insects, including mosquitoes,
and insecticide residues retained in the food chain
affect many life forms, including soil bacteria and
plants (Hemingway and Ranson 2000).
For these reasons, the trend in dengue vector

control has shifted from the use of chemical-
based control to biological-based control and
source reduction and environmental management
through community participation. The latter
approach has showed success in a few developing
countries (Namet al. 1998, Wang et al. 2000, Kay
et al. 2002, Nam et al. 2005) and is presently
being promoted in several countries where dengue
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is a public health problem. In Thailand, attempts
to control dengue through community participa-
tion have failed (Panthumachinda et al. 1986,
Ungchusak and Kunasol 1988). In this article, we
report a cost-effective successful vector control
intervention with emphasis on the integrated
biological and physical control methodologies
and the community participation approach.

MATERIALS AND METHODS

Geographic information system (GIS) mapping of
study villages and larval-positive houses

Our study area is located in Plaeng Yao
District of Chachoengsao Province in the eastern
part of Thailand. This area is composed of several
rural and semirural villages that are of typical
Thai composition. The pilot treatment village
(village 10) is located in the Hua Sam Rong
Subdistrict, whereas the control village (village 7)
is located in the Wang Yen Subdistrict. The
treatment village could be subdivided into 3
groups of aggregated houses separated by rice
fields, irrigated canals, and small roads. The
location of houses in both treatment and control
villages was recorded using a Leica GS5+ global
positioning system (GPS) unit (Leica Geosystems
Inc., Torr,ance, CA). A GIS map of the villages
was created using the digital-based map of the
Royal Thai Survey Department of Thailand
(scale of 50,000) and the ArcView program
(ESRI, Redlands, CA). Larval surveys were
carried out in both study villages by using the
methods described in Strickman and Kittayapong
(2002). Larval-positive houses and the number of
larvae sampled were recorded and integrated into
the GIS map.

Cost-effective vector control methodologies at
community level

For the intervention program to be cost-
effective, vector control was conducted only in
dengue foci in the treatment village during the
rainy season, when the peak transmission occurs
in Thailand. Dengue foci were defined as a group
of houses within a 100-m radius of case houses
that had IgM- and IgG-positive students (Kit-
tayapong et al., unpublished data). The areas
outside of dengue foci were groups of houses
within a 100-m radius of the house that had no
IgM- and IgG-positive students (=controls).
Integrated biological and physical control meth-
odologies were implemented by the community
with emphasis on controlling breeding sites of
immature vectors. The most abundant breeding
containers in most typical Thai villages are water
storage jars of various sizes, especially the
standard-sized water jars (200-250 liters). These
water jars were treated with 3 types of screen

covers designed according to the purpose and
tradition of water use in the community (Kit-
tayapong and Strickman 1993b). Permanent
breeding containers other than water jars were
treated with a combination of locally produced
Bacillus thuringiensis subsp, israelensis (Bti) and
the local copepod Mesocyclops thermocyclopoides
as described in Chansang et al. (2004). These
domestic containers were classified into 8 cate-
gories as follows: 1) cement bath basins, 2) foot-
bath basins, 3) basins or drums for animal use
and for watering plants, 4) hygiene jars, 5) flower
vases, 6) ant traps, 7) plastic or metal drums, and
8) miscellaneous containers. A single application
of locally made lethal ovitraps was the method
used to reduce the population of adult Ae. aegypti
vectors that were not killed in the immature
stages. The lethal ovitrap model used in this study
was a modification of the model developed by
Zeichner and Perich (1999). Ovitraps consisted of
black plastic cups (500-ml capacity) with per-
methrin-impregnated ovistrips rolled inside the
cup. When used, the cup was filled with clean
water to attract Ae. aegypti females to lay their
eggs on the ovistrips. During the control in-
tervention period, 2-5 lethal ovitraps were placed
in each house. The ovistrips were replaced
monthly, and the old ovistrips were brought back
to the laboratory where the dead mosquitoes were
identified and the number of eggs laid in the
ovistrips was recorded.
Apart from using these simple vector control

methodologies, source reduction and cleanup
campaigns were organized just before the rainy
season to reduce any discarded containers that
could become potential breeding sites for mos-
quito vectors. This campaign was a collaboration
between household members in the community
and local administration, public health, and
school authorities. The routine weekly garbage
pickup was organized by the local administrative
authority after the cleanup campaign and contin-
ued through the rainy season.

Approach for community participation and
health education

In any community-based vector control in-
tervention, community participation is the key to
the success of the programs. Because participa-
tion of the community in Thailand is usually
influenced by leaders or other key people,
convincing these key people to take responsibility
for dengue control in their community was the
important first step to obtain community partic-
ipation in our program. Key people in the
community were the heads of villages and
schools, the Local Administrative Authority,
and the Local Public Health Office. These leaders
were convinced about the seriousness of the
disease and the necessity of disease control and
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prevention. During an intervention, designated
key people actively monitored vector control
activities in the targeted dengue foci. The
personnel who helped apply vector control
methodologies at the household level and in
schools were health volunteers and students,
respectively.

General education about the symptoms of the
disease, the biology of the mosquito vectors, and
the methodologies for controlling these dengue
vectors were implemented in the targeted com-
munity and schools. In our program, public
health volunteers were responsible for dengue
vector control in the 10-15 houses surrounding
their own homes. They also were the people who
delivered health education materials to these
households' neighbors. The specific training of
health volunteers to produce and distribute vector
control tools such as screen covers as well as to
learn how to apply the vector control products
properly was the key factor for the success of this
intervention program.

RESULTS

Larval surveys were conducted in both treat-
ment and control villages to obtain baseline data
before vector control activities commenced.
Results are shown in Fig. 1. The abundance of
larvae was compared inside and outside of
transmission foci and between treatment (village
10, Hua Sam Rong Subdistrict) and control
(village 7, Wang Yen Subdistrict) villages. Larval
abundance ranged from 0 to 889 per house in
village 10 and from 0 to 1,418 per house in village
7. The average number of larvae per house in
village 10 was 234.56 27.32 in dengue foci and
132.57 +__ 17.41 outside of dengue foci. These
differences were significant (t -3.297, df 150,
P- 0.001).

After an application of integrated vector
control methodologies, a reduction of immature
vectors as well as a decline in dengue cases was
evident in the treated areas. The reported DHF
case rates in the treated and untreated villages
were 265.25 versus 217.86 per 100,000 popula-
tion, respectively, in the year before intervention
compared with 0 versus 322.23 per 100,000
population, respectively, in the year after in-
tervention.

Figure 2 illustrates the efficiency of all 3 types
of screen covers for water jars as well as the
combination of copepods and Bti for controlling
Aedes larvae in breeding containers. The use of 3
types of screen covers could prevent development
of immature mosquito vectors up to 100% if they
were used properly (Fig. 2a). An efficiency of the
bag covers for utility water jars varied according
to the behavior of people in the community. In
this study, the use of a combination of copepods
and Bti in breeding containers other than water

jars was first evaluated at the community level.
The major breeding containers suitable for this
control approach were small and large bathroom
basins. Figure 2b illustrates the control efficiency
of this approach in different types of water
containers other than drinking, storage, and
some utility water jars. The control efficiency of
a combination of copepods and Bti fluctuated the
most in small hygiene jars used in bathrooms.
The water in hygiene jars was used up quickly
preventing sustainable copepod populations in
these types of containers so Aedes eggs retained
on the jars could hatch and develop as soon as

new water was added.
Apart from controlling immatures, locally

made lethal ovitraps were used as the backup
control against surviving adult mosquito popula-
tions in the treated areas. The total number of
406 lethal ovitraps was distributed in the treat-
ment villages. When the percentages of positive
ovitraps with Ae. aegypti eggs were determined,
the lethal ovitraps showed good efficacy under
field conditions. The percentage of ovitraps that
contained Aedes eggs when traps were first placed
among natural breeding sites (66.3%) decreased
from 49.6% after the first application to 10.4%
at the termination of the study (Fig. 3). Our data
show that locally made lethal ovitraps could
successfully suppress populations of adult female
Ae. aegypti for up to about month without
changing the permethrin-impregnated paper
strips. The reduction in the number of egg-
positive traps in subsequent months because of
the mosquito population decline demonstrated
the efficiency of the lethal ovitraps when placed in
each house in the focal areas. This result indicates
that lethal ovitraps with an appropriate concen-
tration of permethrin can successfully compete
with other domestic oviposition sites.

DISCUSSION

The incidences of dengue hemorrhagic fever in
Thailand have increased cyclically from the first
recognized outbreak in 1958. The policy of
dengue vector surveillance and control in Thai-
land has changed since the 1980s, and vector
control methodologies have been redirected to
integrated control strategies with more emphasis
on community participation. In this community-
based vector control program, integrated biolog-
ical and physical control methodologies with
least chemical insecticides were used by the
community.

In Thailand, clay water storage jars are the
most productive breeding sites for Ae. aegypti in
rural and semirural areas. Thus, the proper
covering of these types of water containers is
important in reducing the vector population.
Strickman and Kittayapong (1993) reported the
development of immature Ae. aegypti in stan-
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Fig. 2. Reduction of immature positive containers after application of vector control measures: (A) Screen
covers for water jars. (B) Combination of Bacillus thuringiensis subsp, israelensis (Bti) and Mesocyclops
thermocyclopoides (copepod).
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Fig. 3. Percentages of lethal ovitraps with Aedes eggs in treated areas in Hau Sam Rong Subdistrict, Plaeng Yao
District, Chachoengsao Province, Thailand (n 406).

dard-sized water jars that were permanently
covered with an aluminum lid. This then led to
the development of 3 simple types of screen

covers suitable for the purpose of water jar use
and the water use pattern of householders
(Kittayapong and Strickman 1993b). In this
intervention program, it was found that the cap
covers for storage water jars could completely
prevent the production of Aedes vectors, whereas
the efficiency of the flap covers depended on the
proper closing of the flap after taking water from
the jars. The bag covers for utility water was less
efficient in comparison with the other 2 types of
screen covers, because it depended solely on the
behavior of people in the community. If the
inverted bag covers were regularly lifted out after
the end of the day, no larvae and pupae could
develop in the utility jars. However, if people in
the community were careless and did not lift the
bag covers for several days, larvae and pupae
developed inside the bag and emerged as adults.
A combination of copepods and Bti was used

to control Aedes immatures in other types of
breeding containers in this intervention. Theoret-
ically, integrated control should not only reduce

initial mosquito populations but also confer long-
lasting control via the biological control agents
introduced (Riviere et al. 1987). Although the 1st
wk of mosquito reduction was largely due to the
immediate effects of the Bti toxin, the subsequent
weeks of reduction were principally due to
copepod predation upon early instars. Bacillus
thuringiensis subsp, israelensis is appropriate for
combining with copepods because it does not
harm the copepods and rapidly kills mosquito
larvae, especially the older larvae of Ae. aegypti,
which feed at a high rate on the toxic crystals
of Bti. In contrast, copepods required more time
to increase their population and exert predator
pressure on the larval population. If older instars
were present during the initial inoculation, they
would likely escape predation and later emerge as
adults (Marten 1990). In contrast to Bti, the
efficacy of copepods was more persistent after the
establishment period. A previous study by Tietze
et al. (1994) showed that when M. longisetus was
integrated with Bti, Bacillus sphaericus, and
methoprene, the combination provided better
mosquito reduction than either copepods or other
control agents alone. Chansang et al. (2004) also
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confirmed that the use of the copepod M.
thermocyclopoides in concert with liquid Bti
suspension for Ae. aegypti control in water jars
gave the best results for long-term control
compared with application of Bti alone or
copepods alone. In some field trials, Mesocyclops
was lost from water containers when all the water

was removed for use or when containers were
cleaned (Marten et al. 1994). Reapplication of
these control agents was necessary to achieve
control of Aedes vectors. Our results similarly
showed that M. thermocyclopoides was lost from
some containers and that reapplication was

necessary. In Lao People's Democratic Republic,
after releasing M. guangxiensis into 142 contain-
ers and 20 wells in a rural village, only 7% of the
water containers had copepods after month and
0% after 6 months postinoculation (Jenning et al.
1995). In French Polynesia, M. aspericornis was
released together with the larvivorous fishes
Gambusia affinis and Poecilia reticulata into
mosquito breeding sites in village for control-
ling Ae. aegypti, Ae. polynesiensis, and Culex
quinquefasciatus. Results showed that the impact
of copepods in water tanks, drums, and wells was
inconsistent, apparently depending on the avail-
ability of microfaunal diet for growth of copepod
nauplii (Lardeux et al. 1992). However, these
studies contrasted with that of Nam et al. (1998)
who reported that Ae. aegypti disappeared from
400 houses in one village in Vietnam and has not
reappeared after treating with Mesocyclops in
combination with community participation. In
Thailand, an experiment under seminatural con-
ditions demonstrated that some community-
based products such as rice grains and leaves
could be a supplementary food for copepods after
releasing them in permanent breeding containers
(Kosiyachinda et al. 2003).
Apart from the normal ovitraps used for

detection, collection, or surveillance of mosquito
populations, several models of ovitraps have been
modified in various types for the purpose of
mosquito control. Chan et al. (1977) modified the
surveillance ovitrap into a lethal trap for Aedes
vector control in an urban environment. Our
lethal ovitraps were modified from the trap
developed by Zeichner and Perich (1999). The
substrate used by Zeichner and Perich (1999) for
allowing female mosquitoes to oviposit was

a heavy-weight velour strip (2.54 11 cm),
whereas we used 7.7- 21-cm filter paper strip.
The mortality rate of female mosquitoes in their
study was 45.0% compared with 97.5% in our
study. We suspected that the large size of the
permethrin-impregnated paper resulted in an
expanded area of contact with the poison. In
Rio de Janeiro, Brazil, ovistrips treated with
deltamethrin provided 89% mortality of Ae.
aegypti adults and >99% mortality of larvae
after the lethal ovitraps were used for month in

field trials (Perich et al. 2003). The study by
Marques et al. (1996) showed that ovitraps were
positive even in the presence of natural breeding
sources. Similarly, our lethal ovitraps competed
well with other domestic containers, including the
most preferred breeding habitats, i.e., water jars
and ant traps. Chan (1973) suggested that
eradication of mosquito vectors could be
achieved and would theoretically be most rapid
when domestic habitats were first reduced to

a minimum by intense integrated control, and
lethal ovitraps were of the devices used in the
control program.
To obtain sustainability of an integrated vector

control program, community participation and
community ownership need to be emphasized
(Gubler 1989). In Thailand, the 1st community-
based control program was not sustained, possi-
bly because of the high degree of program
operation by the public health authorities and
the lack of partnership from the targeted
community (Gubler and Clark 1996). In our
community-based program, a combination of
horizontal (bottom-up) and vertical (top-down)
approaches was merged to obtain immediate
success. Although the program was highly
successful in controlling dengue vectors and in
reducing dengue transmission in the study area,
the sustainability of the program is unclear and
a challenge to local authorities (Spiegel et al.
2005). At present, some comlaonents of our
community-based program, i.e., ihe weekly gar-
bage pickup, have become routine management
by the Local Administrative Authority with the
financial support from individual households.
This operation also is expanding to neighboring
communities. In addition, the local government
now allocates some money for production and
distribution of screen covers for preventing
development of immature vectors in water jars
in the nearby communities. However, the long-
term success of the program and the level of
involvement of the communities need to be
evaluated over time.
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