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Dengue is the most important mosquito-borne viral infection in Sri Lanka causing an enormous social and economic burden in the
country. In the absence of therapeutic drugs and the developed vaccines are under investigation, vector control is the best strategy to
reduce the disease transmission. Therefore, the development of novel tools to control dengue vector mosquitoes has become the
need of the hour. Novaluron is a recently developed Insect Growth Regulator (IGR) which inhibits chitin synthesis in immature
stages of insects. The aim of the study was to identify the efficacy of a simple and cost-effective Autocidal Gravid Ovitrap
(AGO) developed using Novaluron to control dengue outbreaks in the District of Gampaha, Sri Lanka. Laboratory and semifield
experiments were performed to identify the activity range, optimum field dosage, and residual effects of Novaluron following the
World Health Organization guidelines, and field experiments were performed in the Ragama Medical Officer of Health (MOH)
area. Two study areas 800 m apart were selected and assigned as treated and control areas randomly. In each study area, 30
households were selected randomly. Each household was given two ovitraps, one placed indoors and the other placed outdoors.
Mortality and survival counts were recorded separately for one-year time period and data were analyzed using a two-way
repeated measures analysis of variance model. During the laboratory experiments, the adult emerging inhibition was 100% in all
tested concentrations. The optimum field dosage was 2ppm and the residual effect was 28 days. In the field experiments,
significantly higher mortality counts were recorded in treated areas both indoor- and outdoor-placed AGOs. Two-factor
repeated measures ANOVA followed by Tukey’s test confirmed that the mean mortality count is high for the developed AGOs
both indoor and outdoor settings. The developed AGO can be deployed to control both indoor and outdoor dengue vector
mosquito populations, and in dengue-risk areas, the ovitrap will be supportive to local health authorities to enhance the
efficiency of future vector control programs.

1. Introduction

Dengue is the most rapidly spreading mosquito-borne viral
infection in the tropical and subtropical region of the world.
Every year, more than 390 million dengue infections
reported globally of which 96 million clinically manifest
and approximately 3.9 billion people are living in these
dengue-endemic countries. The causative agent of the infec-
tion is one of the four antigenically distinct serotypes of

Dengue Virus (DENV) and the disease transmitted to
humans mainly during the blood meal of Aedes (Ae.) mosqui-
toes predominantly by Ae. aegypti (Linnaeus), an urban vec-
tor who almost entirely feed on humans and breed on
water-holding artificial containers, and the secondary vector
is Ae. albopictus (Skuse). Rapid growth of human population,
unplanned urbanization, scare sanitary facilities, and
increased global travelling upsurge the transmission of the
disease in endemic regions [1, 2]. In Sri Lanka, more than
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30,000 dengue infections were reported every year making it
a severe health and social burden in the country. The first
dengue incidence was reported in Sri Lanka in 1962. Despite
many efforts, in 2017, Sri Lanka experienced the most severe
dengue outbreak with 186,101 infections island wide with
over 250 dengue-related deaths [3]. Every year, nearly half
of the incidences are reported from the Western Province
which comprises Districts of Colombo, Gampaha, and Kalu-
tara, and despite many efforts, the second highest number of
dengue cases is reported from the District of Gampaha since
2010 [4-6]. Further, during the dengue epidemic in July
2017, the highest number of dengue cases was reported from
the District of Gampaha [7]. Yet, there is neither licensed
vaccine nor effective drug available; vector controlling
through source reduction is the best strategy to control trans-
mission of dengue in epidemic areas. The effectiveness of
these programs is questionable mainly due to lack of
resources and problems with timely application. Therefore,
health authorities in Sri Lanka invest their attention recently
towards development of novel tools for vector controlling
programs as prime requirements.

Ovitrap is an artificial container that facilitates mosqui-
toes to lay eggs and used to monitor the population density
of Aedes mosquitoes [8]. Lethal Autocidal Gravid Ovitraps
(AGOs) can prevent trapped mosquito eggs proliferating into
adult mosquitoes. These AGOs are dark containers facilitat-
ing female mosquitoes to lay eggs, but inside these containers,
an insecticide is present at lethal dosage to mosquito larvae,
an Insect Growth Regulator (IGR) or neurotransmitter inhib-
itor, which can be poisoned to larval stages. Therefore, pupae
will not develop and this will lead to reduced mosquito pop-
ulation. This method is considered to be an effective method
compared to the fumigation and other interior residual
spraying programs because of reduced potential exposure of
nontargets, residents, and applicators to the pesticide with lit-
tle or no accumulation in the environment and minimum
possibility to develop insecticide-resistant species, while cre-
ating potential cost savings [9, 10]. However, insecticide
resistance of Ae. aegypti for organophosphates and pyre-
throids has been reported previously [11, 12]. A recently
developed IGR, Novaluron ((%)-1-[3-chloro-4-(1,1,2-tri-
fluoro-2-trifluoro-methoxyethoxy)phenyl]-3-(2,6-difluoroben
zoyl)urea) (Figure 1), a benzoylphenyl urea compound, is a
chitin synthesis inhibitor affecting moulting stages of larval
development after ingestion or contact triggering abnormal
endocuticular deposition and abortive moulting [13, 14].
According to the Food and Agriculture Organization
(FAO) specifications and evaluations, the solubility of Nova-
luron is 3 ug/L at 20°C at neutral pH [13]. Experiments of
Novaluron on toxicity levels for animals and drinking water
demonstrate extensive metabolism of absorbed Novaluron
and rapid excretion [15]. Therefore, Novaluron can be a bet-
ter candidate as an active ingredient (AI) in AGO. Further,
Novaluron is a commercially available IGR in Sri Lanka.

2. Materials and Methods

There is no AGOs available in the District of Gampaha yet to
control dengue vector mosquito population in dengue high-
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FiGure 1: Structure of Novaluron (Source: National Center for
Biotechnology Information. PubChem Database [16]).

risk areas. Therefore, this study is aimed at developing and
identifying the efficacy of cost-effective and economical
AGOs using Novaluron as the Al to reduce dengue vector
mosquito population in Sri Lanka. In the study, Novaluron
was subjected to both laboratory and field experiments to
identify optimum concentrations and cost-effectiveness of
the developed ovitraps. Technical material for the study was
received as 100 g/L Emulsifiable Concentrate (EC) solution.
Prior to initiating laboratory and field experiments, ethical
permission for the experiment was obtained from the Ethical
Review Committee of the Faculty of Medicine, University of
Kelaniya, Sri Lanka (Ref. No. P/238/12/2014).

2.1. Laboratory Experiments to Identify Minimum Lethal
Doses. Laboratory experiments were performed following
guidelines of the World Health Organization (WHO) Pesti-
cide Evaluation Scheme (WHOPES) [17] at the Molecular
Medicine Unit, Faculty of Medicine, University of Kelaniya,
Sri Lanka. Briefly, the solubility of Novaluron (100 g/L,
Rimon 10 EC, Chemtura Corporation) was tested initially.
Then, an aliquot of 20 mL stock solution at 10 ppm concen-
tration was prepared using distilled water. Batches of 30
insectary-reared healthy and equally sized third instar larvae
of Ae. aegypti and Ae. albopictus were exposed separately to a
concentration gradient from 5.0 ppm to 0.01 ppm and the tap
water control. Tap water was used to prepare the concentra-
tion gradient and mortality counts were recorded daily.
Mosquito larvae were selected for controls for each test con-
centration following the same fashion and only tap water
was used for the preparation of controls.

After the identification of the activity range of the Nova-
luron, a lower ranged concentration gradient was prepared
from 3.0ppm to 0.5ppb. Small disposable 240 mL plastic
cups with the height of 10 cm were used as test cups. The test
cups were filled with aliquots of 200 mL solution of each con-
centration of the gradient. After the addition of solutions, the
depth of the solution in the test cups was 7.5 cm. Batches of
30 (n=30) insectary-reared healthy and equally sized third
instar larvae of Ae. aegypti and Ae. albopictus were trans-
ferred separately to the test cups.

Five replicates were installed for each concentration and
an equal number of controls were set up simultaneously with
tap water for each species separately. During the experi-
ments, mosquito larvae were provided with suspended larval
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foods at two-day intervals at a concentration of 10 mg/L and
the tests were performed at room temperature with a photo-
period of 12 hours light followed by 12 hours dark
(12L:12D). All the test and control cups were covered with
netting to prevent successfully emerged adults from escap-
ing into the environment. Mortality was counted every other
day until the larvae in treated test cups demised. The
emerged adult mosquitoes in control test cups were demised
by freezing [18]. The experiments were repeated three times
for each assay.

2.2. Semifield Analysis to Identify Optimum Concentration
and Design of AGOs. Semifield experiments were deployed
in and around the Faculty of Medicine, University of Kelaniya,
and monitored daily for a two-month time period
(November-December, 2016), to identify efficacy in ecologi-
cal settings, optimum field application dosage, and influence
on abiotic parameter colour of AGO and falling debris.

2.2.1. Identification of Optimum Field Dosage. Same test cups
as used in the laboratory experiments were used for semifield
experiments. Six concentrations, ranging from 3.0 ppm to
0.5 ppb, were tested to identify optimum field application
dosage. Prepared test cups were filled with aliquots of
200 mL of water and kept 24-hour time period for condition-
ing prior to introduce a batch of 30 insectary-reared third
instar larvae to each test cups. Small amount of larval foods
were supplied as mentioned previously. After 3 hours of
acclimation, aliquots of required volumes of Novaluron
was added to each test cup and covered with nylon mesh.
Five replicates were prepared from each concentration
and the experiment was performed for Ae. aegypti and
Ae. albopictus mosquito larvae separately. Mortality and
survival counts were recorded in every seven days and
placed traps were replenished with solution of experiment-
ing concentration. The minimum concentration at which
100% mortality observed was considered the optimum field
application dosage.

2.2.2. Identification of Residual Effect. Another batch of late
third instar larvae was introduced into each container to
identify the residual effect of the selected concentration and
larval food was added weekly. Larval survival was assessed
every 48-hour time periods and without replenish test cups
until no mortality observed or test cups were dried off.

2.2.3. Identification of Effect of Colour and Falling Debris
on the Developed AGOs. Both black- (n=20) and white-
(n=20) coloured AGO:s filled aliquots of 200 mL Novaluron
test solution at 2 ppm concentration was placed randomly
around the Faculty of Medicine and mortality counts were
recorded weekly for two months. The demised mosquitoes
were transferred to laboratory for species identification.

2.3. Field Studies to Identify Efficiency of the AGO. Following
the identification of optimum concentration and effect of col-
our and abiotic debris on the developed AGOs, field studies
were conducted.

2.3.1. Site Selection. Ragama Medical Officer of Health
(MOH) area, where one of the MOH areas with high pop-
ulation density in the District of Gampaha (Fig. S1) and
recently categorized as one of the dengue risk MOH areas
after the massive dengue outbreak in 2017, was selected
for the field studies. The study was conducted from 09
June 2017 to 08 June 2018 for a one-year time period.
In the Ragama MOH area, two Grama Niladhari (GN)
divisions, where similar number of dengue incidences were
recorded and situated apart from 800m, which exceed
average flight distance of Ae. aegypti mosquitoes [19, 20],
were selected and randomly assigned as treated and con-
trol areas [21].

2.3.2. Preplacement Survey. Before placement of developed
AGOs in study areas, an entomological survey was per-
formed covering households and open areas in both study
and control sites. All types of potential containers were
inspected with minimum disturbances to environment as
well as living status of the dwellers. During the entomological
survey, total number of inspected containers, number of
containers with water, and number of containers positive
for larval or pupae stages were counted [21].

2.3.3. Placement of AGOs. In each study area, thirty house-
holds were selected from the middle of the each area for the
study (Figure 2). An informed written consent was collected
from all selected households prior to placement of the devel-
oped AGOs. Each selected household was given two devel-
oped AGOs, one was placed inside while the other was
placed outside the premises [22]. The AGOs, filled with an
aliquot of 200 mL of Novaluron solution at the effective con-
centration, were given to study areas’ households while nor-
mal ovitraps filled with 200 mL of water were placed in the
control site.

2.3.4. Postplacement AGOs Survey. Placed ovitraps in the
study and control sites were monitored weekly following
the guidelines of the WHOPES [17]. Field study was con-
ducted for one-year time period starting from June 2017.
Dead and live mosquito larvae counts in each ovitrap were
recorded separately for indoor and outdoor to evaluate the
efficacy [23].

2.4. Analysis of Data

2.4.1. Analysis of Laboratory and Semifield Data. At the end
of the observation period in each study, the mortality and
survival counts recorded from all replicates of each concen-
tration were combined cumulatively and the effects of Nova-
luron is expressed in terms of adult emerging inhibition (IE
%) which is the percentage of larvae that do not develop suc-
cessfully into emerging adults, which is calculated following
the formula:

(1)

T x 100
IE%:100—< % )

where T is the percentage emergence in treated batches and
C is the percentage emergence in control batches. The probit
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FIGURE 2: Selected households for the field experiments of the developed AGO.

regression analysis was performed using the IE values
obtained at each concentration to determine IE;, and IE,,
values using Minitab 17 statistical software at 5% significance
level [17].

2.4.2. Analysis of Field Data. Statistical analyses were per-
formed at 95% confidence level, unless stated otherwise.
The recorded mortality counts of the field experiments were
analyzed using a two-way repeated measure ANOVA model
[24, 25]. The treatment group (control versus test) and the
position placed (indoor versus outdoor) were considered as
fixed effects, while the week is treated as the repeated mea-
sure. The model was built incorporating main effects and
interactions between the treatment group and the AGOs’
placed position in households. Then, Tukey’s multiple com-
parison was conducted at 5% level to identify the significant
differences of the mean effects [25, 26].

3. Results

3.1. Laboratory Studies on Designing the Ovitrap. During
the initial concentration gradient bioassay, all the mosquito
larvae in both Ae. aegypti and Ae. albopictus were dead in

the first day of the experiment. In the lower ranged concen-
tration gradient bioassay, in Ae. albopictus, mosquito larvae
test cups with lowest concentration (0.5 ppb) were demised
after 14 days and 100% mortality was observed on the 25"
day for Ae. aegypti (Figure 3). The mortality counts
recorded after two weeks were subjected to probit regres-
sion analysis and dosage-response results indicated 50%
Lethal Concentrations (LDs,) and LDy, for Ae. albopictus
were 0.3 ppb and 0.4 ppb, and for Ae. aegypti, 0.2 ppb and
1.0 ppb, respectively.

3.2. Semifield Experiment Findings. In the semifield experi-
ments, tests were initially conducted to identify the optimum
field dosage of Novaluron. In the experiments on susceptibil-
ity of Ae. aegypti, after 21 days, pupae (n = 34) were observed
in 0.5 ppb concentration test cups, and after 28 days, pupae
(n =8) were observed in 1 ppb concentration test cups. Fur-
ther, one larvae (n=1) in 0.5 ppm test cups were pupated
after 28 days and in 0.5 ppb concentration test cups, 50.6%
(n=76) of larvae were pupated. In the experiments for Ae.
albopictus, 100% mortality was observed in both 3 and
2ppm test concentrations on the 7" day, and by the 14"
day, all larvae were demised in all replicates in 1 ppm test
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FIGURE 3: Mortality percentage variations over the experiment time period for both Ae. aegypti and Ae. albopictus mosquito larvae.

concentration. Similarly, to Ae. aegypti, the test larvae were
pupated (n =5) after 21-day time period in 0.5 ppb concen-
tration test cups during the experiment on Ae. albopictus lar-
vae. After 28 days, one larvae (n = 1) was pupated in 1.0 ppb
concentration, and in 0.5 ppb concentration test cups, 18.7%
(n =28) of larvae were pupated.

During the identification of residual effects of Novaluron,
bioassays were performed for Ae. aegypti and Ae. albopictus
separately. In the test, 94.7%, 81.3%, and 66.3% of Ae. aegypti
larvae were demised after 7-day observation periods at 3, 2,
and 1 ppm concentration test cups, respectively. In the assay,
100% mortality was observed in the 14™ day in 3 ppm con-
centration in all replicates and another batch of larvae were
introduced. In the 21" day, 100% mortality was observed in
test cups of 2 ppm concentration and another batch is intro-
duced. Same day in the 1 ppm concentration, only 92% mor-
tality was observed. In the 27™ day, 100% mortality was
observed in 3 and 2 ppm replicates while only 99.3% mortal-
ity was observed in the 1 ppm test cups. During the residual
effect bioassay on Ae. albopictus, 100% mortality was
observed in both 3 and 2 ppm concentration replicates after
7™ days and another batch was introduced to the test cups.
Nevertheless, 100% mortality was observed in the replicates
on 1 ppm concentration on the 14™ day and another batch
was introduced. In the 3 and 2 ppm test replicates, the sec-
ondly introduced batch was demised completely on the 21%
day of observation and another batch was introduced into
the test replicates. Meantime, 83.3% mortality was observed
on the 21* day in the 1ppm test concentrations. On the
27" day observation, 99.3% and 85.3% mortality was
observed with the thirdly introduced batch in 3 and 2 ppm
replicates, respectively, while 98.7% mortality was observed
with secondly introduced batch in 1 ppm test replicates. On
the 28" day of the observation period, all the test cups were
dried out and bioassays were discontinued and none of the
larvae had pupated during the experiment period. Since only
99.3% mortality was observed in 1ppm test concentration
residual effect identification bioassay in Ae. aegypti, the opti-
mum concentration for large-scale field investigation was
selected as 2 ppm and residual effect was 28 days.

During the identification of effects of colour and falling
debris in developed AGOs, on the 14™ day, demised first
instar mosquito larvae (n =37) were observed in the black-
coloured AGOs which were placed with 200 mL aliquots of
2ppm Novaluron solution, however, without introducing
any mosquito larvae. During the 2 months of observation
period, none of the white-coloured AGOs were positive for
mosquito larvae. Laboratory identification of the dead larvae
in these traps confirmed that all the dead mosquito larvae
belong to genus Aedes.

3.3. Field Trials of the Developed AGOs. Field experiments
were conducted in the Ragama MOH area and the treated
AGOs were placed in Rampitiya GN division and control
ovitraps were deployed in Dambuwa GN division. These
GN divisions are apart from 810 m each other and share sim-
ilar population densities and distribution of dengue inci-
dences. Before the placement of ovitraps in both GN
divisions, an entomological survey was performed. During
the entomological survey, same number of wet containers
(n=19) were recorded from both study areas. However, in
both study areas, none of the wet containers were positive
for immature stages of Aedes dengue vector mosquitoes and
no adult dengue vector mosquito was found during the ento-
mological survey. In the field trial, stock solutions were pre-
pared at 10* ppm concentration and therefore, aliquots of
40 uL of Novaluron was added to each field testing test cup
to reach the 2 ppm test concentration. In the postplacement
survey, mortality and survival counts of mosquito larvae were
recorded separately for each indoor- and outdoor-placed ovi-
trap separately and the collected data were analyzed using a
two-way repeated measures ANOVA to evaluate the main
and interaction effects of mortality counts in treated and con-
trol areas in the study (Table 1). The interaction treatment
group *position placed was significant at 5% level confirming
that the effect of treatment group on mean mortality count is
different for different levels of position placed. This implied
that the effect of AGO is different in indoors and outdoors.
The Tukey’s multiple comparison showed different mean
effects except for control in and control out combinations



TaBLE 1: ANOVA model evaluation of the efficacy of the developed
AGO in the study areas.

Variable Df Sum Sq Mean Sq F value
Treatment group 1 11276 11276 622.03*
Position placed 1 913 913 50.37*
Treatment group#position 1 911 911 50.25*
placed

*Significantly different interactions during multiple comparisons of means
for each study group. p values at 95% family-wise confidence level were
considered significant differences. Df: degree of freedom; Sum Sq: sum of
squares; Mean Sq: mean squares.

(Table 2). From the profile plots (Figure 4), it can be seen that
the mean death count increases for treatment, when moving
from inside to outside.

4. Discussion

Novaluron has initially been used as a pest controller in food
agriculture industries. Even though the exact mode of action
is still not clear, its capability to inhibit exoskeleton forma-
tion in immature stages of insects has enabled it to be used
for a broad range of applications. The Novaluron 10 EC solu-
tion dissolves well in water, and therefore, tap water was used
to prepare a dilution series for laboratory and field experi-
ments with the objective of minimizing the costs and improv-
ing convenience and feasibility for end users [27, 28].
However, stock solutions were prepared using distilled water
following the WHO guidelines [17].

More attention was paid when selecting mosquito larvae
for the laboratory and semifield experiments to ensure they
were healthy and in the same stage and size. During the lab-
oratory experiments, no mortality was observed in controls
and all the larvae were pupated and emerged into adult mos-
quitoes, and therefore, mortality counts of treated test cups
were directly taken into analysis without Abbott’s correction
[29]. The maximum residual limit, established by the Codex
Alimentarius Commission in United States, of Novaluron for
pone-type fruits was 3 ppm [30]. Previous study conducted
on autodissemination strategy of IGR on mosquitoes stated
that the limit of detection of Novaluron was 0.5ppb [28].
Therefore, the experiments were performed in the range of
3.0ppm to 0.5ppb in the study. During the lower ranged
concentration bioassay, Ae. aegypti survived more days than
Ae. albopictus even though they died eventually. This may
be attributed to higher tolerance to insecticides and envi-
ronmental changes reported in Ae. aegypti due to kdr and
other mutations [31, 32]. Further, the IE% was 100% for
all the test concentrations for both the species and the
LD, and LDy, values for Ae. aegypti were higher than Ae.
albopictus. Laboratory experiments were discontinued at
0.5 ppb test concentration as previous literatures mentioned
no effect of Novaluron on survival of mosquito larvae
beyond 0.1 ppb [33].

Mosquito larvae of the two species behaved differently in
semifield trials when compared with laboratory bioassays.
Even though no pupae were observed in laboratory experi-
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TaBLE 2: Tukey’s multiple comparisons of means.

Interaction type Difference in mean level

Treated:In-Control:In 2.006*
Treated:Out-Control:In 3.882%
Control:Out-Treated:In -2.006*
Treated:Out-Treated:In 1.876*
Treated:Out-Control:Out 3.881%
Control:Out-Control:In 0.001

*Significantly different interactions during multiple comparisons of means
for each study group. p values at 95% family-wise confidence level were
considered significant differences. In: indoor; out: outdoor.
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FIGURE 4: Interaction plot of the ANOVA model.

ments in 0.5ppb concentration, 50.6% of the Ae. aegypti
larvae and 18.7% of Ae. albopictus larvae were pupated at
the end of semifield experiments. Moreover, pupa were
observed in 1.0 ppb concentration in both species and 1.3%
of Ae. aegypti larvae were pupated in 0.5 ppm test cups while
all the larvae in Ae. albopictus were dead. Semifield experi-
ments on investigating optimum field dosages were discon-
tinued once the pupae were observed and tests were not
conducted until adult emergence to minimize the possibility
of developing resistance strains. During the identification of
residual effects of Novaluron at studied concentrations, only
99.3% of Ae. aegypti larvae were demised at 1 ppm test cups
prior to one day before all test cups dried. Therefore, 2 ppm
concentration was selected for field experiments and the dif-
ferent observations during semifield experiments may be due
to more exposure to natural environment conditions. Fur-
thermore, the observed concentrations in the current study
are higher than previous study conducted in Mexico [34]
and it may be due to geographical variations among Aedes
dengue vector species [35].

In the field experiments, the areas were selected apart
from 800 m which is more than the flight range of dengue
vector mosquitoes [19]. During the preplacement entomo-
logical survey, no breeding containers for Aedes dengue
vector mosquitoes were found and it may be due to high
atmospheric temperature and humidity with low rainfalls
during the month of April in Sri Lanka [36]. During the
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F1GURE 5: Binding of Novaluron to chitin synthase. (a) Binding of Novaluron to model 1 of chitin synthase. Novaluron interacts to Trp-872
with 2.6 A bond length. (b) Binding of Novaluron to model 2 of chitin synthase. Novaluron interacts to Leu-726 with 2.6 and 3.3 A bond

lengths.

placement, one ovitrap placed indoor and one placed out-
door to increase the oviposition rates as mentioned in previ-
ous studies and the placed ovitraps were monitored weekly to
ensure no pupae development on the test concentration
under uncontrolled environment conditions.

Analysis of indoor and outdoor mortality counts in
treated and control areas indicated that the mortality
counts were significantly higher in the treated area, where
AGOs were placed, compared to the control area. Further,
the dead counts in treated indoor AGOs were higher than
control indoor-placed ovitraps suggesting that the devel-
oped ovitraps can be used to control resting dengue vector
mosquito populations in inside households in dengue
endemic areas. Interestingly, as the result of the interac-
tion plot, even higher and increasing death counts were
observed when moving from indoors to outdoors in the
treated area. Such a difference was not observed in control
area. The observation indicates that the developed AGOs
can also efficiently reduce outdoor dengue vector mos-
quito population. Further, no animal poisoning of Nova-
luron in the AGOs was reported in the treated area during
the field experiments.

The key enzyme of chitin synthesis of insects is chitin
synthase [37]. The exact mode of mechanism of Novaluron
is not crystal clear even though it is predicted to be a chitin
synthesis inhibitor. There are number of sequences available
for insect chitin synthesis in UniProt; however, no crystal
structure is available yet in the Protein Data Bank (PDB).
Therefore, three-dimensional structures were generated with
available chitin synthase sequence of Ae. aegypti [38] using
SWISS-MODEL [39]. Results of the molecular docking
experiments performed in AutoDock software [40, 41] indi-
cated that binding affinity of Novaluron to model 1 of chitin
synthase is -9.1 kcal/mol and Novaluron interacts with tryp-
tophan (try) residue at 872 position. Further, binding affinity
for the best interaction model developed for Novaluron and
model 2 of chitin synthase was -8.5 kcal/mol and Novaluron
interacts with leucine (leu) residue at 726 position (Figure 5).
These results indicated that Novaluron interacts with mos-
quito chitin synthase with stable interaction. However, fur-
ther experiments will be needed to characterize the activity
of Novaluron.

Novaluron is a novel IGR and its efficiency can be led to
many successful applications due to its noncarcinogenic
nature [15] and no mosquito resistant have been reported
yet to the best of our knowledge. However, previous studies
have mentioned the susceptibility of Novaluron to Ultravio-
let (UV) rays in sunlight and organic pollutants [42]. There-
fore, these limitations need to be addressed near future. On
the other hand, this is indicative that environmental pollu-
tion with Novaluron may not be long lasting making it a
favorable mosquito control agent.

5. Conclusions

In Sri Lanka, controlling of indoor dengue vector population
in dry seasons is a problem to health authorities and the
developed AGO in the present study will be a great solution
to reduce the impact of future outbreak, disease transmission,
healthcare burdens, and possible mortalities. Further, due to
the simplicity of the developed AGO and easiness for end
users, the ovitrap can be distributed by local health authorities
in dengue-risk areas to control disease transmission. An inte-
grated approach of deployment of the AGO with vector control
programs will increase the efficiency of future disease-
controlling programs. Further experiments need to be con-
ducted to overcome the potential limitation of Novaluron.
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