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ABSTRACT 
 

Background:  Tackling the increasing trend of the dengue menace remains one of the most 
challenging tasks in public health medicine. Extensive literature search revealed no previous 
community intervention trial done in Penang and Malaysia to compare effectiveness of the use of 
various mosquito larvicides based on container indices as the definitive measurable outcomes. The 
study aim was to identify the most effective mosquito larvicidal measure for dengue control in 
dengue-sensitive areas in George Town, Penang. 
Methods:  A field trial was conducted in three localities randomly selected from a list of 33 dengue-
sensitive areas. Area A was treated with both chemical and biological larvicide, Area B was treated 
with biological larvicide and Area C was treated with chemical larvicide as a standard preventive 
measure. Container indices (CI) were obtained weekly for eight consecutive weeks and data was 
analyzed using Repeated Measures ANOVA test in SPSS version 21. 
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Results:  Comparative effectiveness of larvicidal measures between the three areas remained 
inconclusive as the p-value could not be computed between the three areas due to termination of 
iteration on ‘between-areas’ factor, although descriptively, better vector control was achieved 
through monotherapy with biological larvicide alone. Area A’s CI showed a drastic drop from 1.79 
to 1.05 for the first two weeks, zero for weeks 3-5, 1.67 at week 6 and reducing to zero for the last 
two weeks. Area B’s CI showed an initial increase from 1.05 to 1.43 for the first two weeks and 
subsequently reduced to zero and remained zero until week 8. Area C’s CI showed zero reading 
for the first two weeks and by week 3, it went up to 1.00 before it reduced to and remained zero 
until week 8. 
Conclusion:  Monotherapy with biological larvicide alone seemed to offer better vector control, 
although statistical evidence of its superiority remained inconclusive. In view of this, integrated 
vector management should be enhanced by harnessing community participation to curtail dengue 
infections, irrespective of the choice of larvicide used for vector control. 
 

 
Keywords: Abate; Aedes; effectiveness; larvicide; Vectobac; dengue. 
 
1. INTRODUCTION  
 
Despite extensive vector control measures, 
combating the dengue menace remains a huge 
challenge to public health officials, particularly in 
over 100 countries including Malaysia, where 
dengue is endemic. Climate change and 
development of Aedes mosquito resistance 
against insecticides create difficulty in vector 
control measures [1].  
 
In Malaysia, the average annual incidence of 
dengue has been consistently in excess of 125 
per 100,000 population since 2002, although a 2-
3 fold increase in annual incidence was reported 
since 2014 [2]. In George Town, Penang, the 
number of confirmed dengue cases increased by 
164% from 2014 to 2015 but decreased by 77% 
from 2015 to 2016 based on the internal records 
by the Environmental Health Unit, Penang Island 
City Council. 
 
General control measures such as adulticiding 
(fogging) and larviciding remained the mainstay 
of vector control management throughout the 
world for dengue fever. Globally, larvicidal 
chemical and biological control methods have 
been used extensively with varying degrees of 
success in control of dengue-transmitting 
mosquitoes.  
 
Abate® (Temephos), an organophosphate which 
has been used for many years, remains effective 
in eradicating larvae, but resistance to Temephos 
is beginning to develop in recent years [3]. 
Worldwide, the principal larvicide used in the 
control of dengue vectors is temephos which 
belongs to the organophosphate chemical group. 
In Malaysia, it has been used since the first 
dengue fever outbreak in 1973. It is added in 

potable containers as 1% (w/w) sand granules to 
control breeding in stagnant waters. This 
formulation is available as 100 g sachets for 
consumer purchase and it is also distributed by 
the local authorities to residents of infected 
dengue premises. Abate is also available in the 
form of aqueous dilution of 50% EC (Emulsifier 
Concentrate) and sprayed in larvae breeding 
sites. Temephos acts directly on the central 
nervous system of the larvae by inhibiting 
cholinesterase causing larvae death.  
 
Vectobac® (Bacillus thuringiensis israeliensis - 
Bti), a biological larvicide made in the form of 
bacterial protein-complex in dry form is now 
commonly used. Bti produces complex crystal 
proteins known as protoxins during sporulation. 
Vectobac is developed in two formulations; the 
Aqueous Suspension (AS) and Water-dispersible 
Granules (WG) versions, both of which have 
been found to be effective in larviciding [4-11].  
While Abate granules can only be effective in 
water, Vectobac can be used in water and also 
on dry surface, where the bacterial-protein 
complex will be activated after coming in contact 
with water. The larvae then ingest the bacteria as 
larvae food. Once ingested, the bacteria then 
destroys the larvae’s gut and cause larvae death. 
Since Vectobac is a fairly newer product 
compared to Abate, resistance is not as well 
documented as Abate. In a study conducted in 
Shah Alam, Selangor, Malaysia, Loke et al. [3] 
found that Aedes larvae was resistant to 
temephos in one site but showed uniform 
susceptibility to Vectobac (Bti) in another site. 
 
It is not surprising that intensive use of Abate 
since the 70s has caused resistance of the 
larvae to it, requiring the use of new larvicides 
[12]. Regardless of its established benefits in 
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vector control, increasing resistance to Abate 
temephos remains a significant concern for 
dengue control programmes. Similarly, the 
efficacy of Vectobac remains threatened by 
sunlight and temperature variability, water 
volume and depth, bioavailable concentration, 
organic pollution and emergent vegetation [13-
21]. 
 
Notwithstanding, Vectobac continues to show 
promising results and is much lighter in weight 
compared to Abate [22-24]. Vectobac not only 
reduces larvae density but also causes a 
significant reduction in Aedes populations [25]. 
Essentially, it causes biochemical destruction of 
the gut walls of the mosquito larvae following its 
ingestion during feeding. Its success as a 
biological larvicide paved the way for different 
formulations of Vectobac in order to achieve 
better larvae control measures [26]. 
 
Although chemical and biological larvicides have 
been reported to independently have     
significant effectiveness in dengue control [27], 
the comparative effectiveness of the usage of 
chemical, biological or both types of larvicides    
in a field trial is not widely done in          
Malaysia. Knowing the effectiveness of the 
different types of larvicides would help in the 
control of dengue infection by using cost effective 
control measures which are based on scientific 
evidence.   
 
The objective of this study was to identify the 
most effective method between chemical, 
biological or combination of both Aedes larvicidal 
control measured by the reduction of container 
indices among the dengue-sensitive areas in 
George Town, Penang. 
 
2. MATERIALS AND METHODS  
 
2.1 Study Design and Setting 
 
This was a 3-arm intervention study (open label, 
field trial) conducted in three randomly-selected 
sensitive areas of Georgetown, Penang. 
Chemical larvicide (subsequently used 
interchangeably with the term “Abate”), biological 
larvicide (subsequently used interchangeably 
with “Vectobac” or Bacillus thuringiensis 
israelensis or Bti) and both biological and 
chemical larvicides were applied in the three 
selected areas and the larvae index in the study 
areas were estimated every week during the 8-
week study period (August and September 
2016). 

George Town is part of the North-East District of 
Penang, Malaysia. It is the capital of Penang, 
one of the 14 states in Malaysia. George Town is 
an urban area with pockets of villages and slump 
areas in certain vicinities and has high reported 
dengue outbreaks over the years. From the list of 
33 sensitive areas within the George Town city 
limit boundary as identified by the Vector-Borne 
Disease Control (VBDC) unit, Ministry of Health 
Malaysia, three areas were randomly selected. A 
sensitive area is defined by the Ministry of Health 
Malaysia as a locality with high dengue cases, 
reflected by high incidence and prevalence, 
previous outbreak(s) and registered cases, and 
reported but unconfirmed cases. The three areas 
were labelled Areas A, B and C and had a size of 
approximately 1.2, 10.4 and 3.1 hectares, 
respectively. The three areas were approximately 
equal in terms of population characteristics, with 
an average of about 5,000 residents in each area 
(Area A = 3060, Area B = 6135, Area C = 5040 
residents).  
 
2.2 Study Procedures 
 
The three localities were randomized to receive 
the intervention of either Abate, a chemical 
larvicide (taken as standard preventive 
measure), or Vectobac, a biological larvicide or 
both chemical and biological larvicides.  
 
The localities were sprayed with the respective 
planned method weekly for eight weeks duration. 
Abating is defined as the standard conventional 
method of applying the Abate larvicide using the 
spray canister. In view of the fact that it was 
unethical to have a control area with no 
intervention at all, the standard conventional 
method of abating was taken as the control or 
baseline area. Standard preventive measure is 
defined as applying Abate 50EC 1L sprayed via 
a canister in the outdoor environment of the 
studied area, including receptacles such as 
containers and tyres which may act as potential 
breeding sites for mosquito larvae. 
 
Vectobac was used according to the guidelines 
provided by the manufacturer, and the standard 
dilution guidelines for types of areas covered by 
spraying. For the Vectobac-only study area, a 
mist blower was used to cover common areas 
and areas deemed difficult to reach by humans. 
As recommended by the product manufacturer 
[28], Vectobac was used via direct application or 
ground spray application. Vectobac was applied 
directly (undiluted) to water reservoirs such as 
earthen and cement jars, plastic or metal drums, 
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and fiberglass or cement tanks with volume 
capacities of more than 50 L. Application rates of 
2-8 g per 1000L of container capacity (100-400 
mg/50 L) was used depending on habitat 
conditions. Application was made with a 
calibrated scoop or spoon.  
 
For ground spray application, the ground 
aqueous spray mix applications were targeted to 
natural and artificial larval habitats which were 
less than 50L in volume capacity that cover a 
wide area such as covered and uncovered 
concrete drainage systems, trash accumulations, 
tires, roof gutters, vegetation such as leaf axils, 
tree holes, leaf litter and ground pools. 
 
The recommended dosage in a spray mix of 250-
500 g of Vectobac per hectare of target larval 
habitats was used. The required amount of 
Vectobac was mixed with an amount of water 
that provided complete and even coverage of the 
intended target area. The required amount of 
water depended on sprayer calibration and 
habitat conditions. The recommended dilution 
rates that were used for Vectobac per hectare 
are listed in Table 1. 
 

Table 1. Specific dilution rates for the two 
different methods of application of Vectobac 

 
Methods of 
application 

Recommended dilution 
rate 

Mist blower 125 g vectobac in 12 L of 
water  

Direct application 8 g in 1000 L of water  
Source: Recommendation by product manufacturer 

Valent Biosciences Corporation in the Technical Use 
Bulletin for Vectobac WG for Dengue Vector Control in 

Asia, May 2007 edition [28] 
 
Vehicle-mounted, backpack or shoulder carried 
motorized sprayers and hand carried pump 
sprayers were used to generate aqueous 
Vectobac spray droplets for complete and even 
coverage of the intended area. The spray was 
directed to evenly cover the larval habitat and 
maximize spray penetration of vegetative 
canopy. For optimal Vectobac ground spray 
applications, they were applied during cool hours 
of the day when it was not raining.  
 
For both the Abate and Vectobac combined 
treatment group, spraying abate with the canister 
and also spraying Vectobac with the mist-blower 
were used together in the particular area as per 
routine vector control measures. Both Abate and 
Vectobac were applied concurrently on the same 
day and at the same time by the same team. 

Although Vectobac ground spray application is 
usually monitored by measuring Aedes adult 
population with ovitrap surveillance, however 
using the standard practice of the Penang State’s 
Department of Environmental Health and 
Licensing unit, Container Index (CI), which was 
calculated weekly each time spraying was done 
per week in all the three areas for eight weeks, 
was taken as proxy [27]. CI is defined as the 
number of containers positive for larvae out of 
every 100 containers surveyed during that 
particular operation day. 
 
Efficacy and residual control were monitored by 
counting the numbers of larvae or pupae in 
treated containers before and after treatment. 
Initial larvae or pupae reduction is expected 
within 72 hours. However, due to the limitation in 
the number of manpower for this study, the CI 
was calculated weekly, instead of every 3 days 
duration. 
 
CI was measured and recorded on specialized 
data recording forms on a weekly basis for eight 
weeks by trained research assistants, to 
determine the larvae breeding sites in the study 
areas. 
 
2.3 Data Analysis  
 
Data was presented descriptively in a figure. 
Repeated measures ANOVA was performed to 
determine statistical significance. Significance 
level for statistical tests was set at <0.05. 
 
2.4 Ethical Considerations 
 
Vectobac is approved for usage and 
recommended by WHOPES (WHO Pesticide 
Evaluation Scheme) in the report of the seventh 
WHOPES Working Group Meeting on 2-4 
December 2003 in Geneva (28). It is considered 
safe for humans and animals if used according to 
the guidelines and recommendations set by the 
manufacturer. Ethical approval was obtained 
from the Joint Penang Independent Ethics 
Committee (JPEC) prior to commencement of 
the study (ethical approval number: JPEC 03-16-
0044). 
 
3. RESULTS  
 
Overall, we checked a total of 2,237 containers 
for larvae and/or pupae in the three areas over 8 
weeks, out of which 10 containers turned out 
positive for larvae breeding. Fig. 1 and Table 2 
provide a summary of the CI for the three areas 
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over the study period. The descriptive analysis 
showed that the CI in Area A where both 
chemical and biological larvicides were used 
showed a drastic drop from 1.79 to 1.05 for the 
first two weeks, zero for weeks 3-5, 1.67 at week 
6 and reducing to zero for the last two weeks. 
The CI for Area B where only biological larvicide 
was used showed an initial increase from 1.05 to 
1.43 for the first two weeks and subsequently 
reduced to and remained zero until week 8. The 
CI for Area C where only chemical larvicide was 
used showed zero reading for the first two weeks 
and by week 3, it went up to 1.00 before it 
reduced to and remained zero until week 8. 
Although there appeared to be a difference in the 
trend or pattern of the CI in the three areas, it 
was not found to be statistically significant within 
areas (p = 0.326) and the p-value could not be 
computed for mean difference in CI between the 
three areas over time (Table 2). The data points 
were perhaps too few, such that meaningful 
comparison (based on p-value) of ‘between-
subjects effect’ or ‘between-areas effect’ could 
not be achieved. 
 
4. DISCUSSION 
 
To the best of our knowledge, this study is the 
first field trial on comparative effectiveness of 
larvicides used for vector control in Malaysia. In 
view of the unavailability of the dengue vaccine 
in Malaysia as yet, we envisaged that the 
findings from this study will provide evidence to 
suggest better efficiency and perhaps cost-
effectiveness in the current vector control plans 

implemented by the local authorities, with the 
adoption and widespread usage of the most 
efficacious larvicides for dengue control. 
Although integrated vector management remains 
the mainstay of vector control and dengue 
prevention, the success of this approach is 
contingent upon use of highly potent larvicides as 
well as enhanced community participation. 
 
Descriptive findings from this study were 
consistent with Lee et al’s. [25] observation in a 
study that was conducted in a suburban 
residential area and a temporary settlement site 
in another state in Malaysia, where based on 
ovitrap surveillance, a significant reduction in 
Aedes populations was evident 4 weeks after 
initiating the first biological treatment using Bti. 
The ovitrap index (OI) and the larvae density 
decreased drastically in both trial sites [25]. The 
results for chemical only and combination of 
chemical and biological larvicides in the current 
study were also in line with a systematic review 
done by George et al. [27] whereby when applied 
as a single intervention, temephos was found to 
be effective at suppressing entomological 
indices, however, the same effect had not been 
observed when temephos was applied in 
combination with other interventions. The authors 
reported no evidence to suggest that temephos 
use was associated with reductions in dengue 
transmission [27]. A study done in Singapore 
also demonstrated larviciding spraying with                  
Bti of natural breeding sites was able to reduce 
Aedes albopictus density which was not 
observed in conventional manual application  

 

 
 

Fig. 1. Graph of container indices in localities A,  B, C over 8 weeks 
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Table 2. Summary table of repeated measures ANOVA c omparing effectiveness of chemical, 
biological or both larvicides over 8 weeks period 

 
Areas  Mean (95% CI) Group a Time Groupx Timea 

A (Both) 0.56 (-0.11, 1.24) - 0.326 - 
B (Biological only) 0.31 (-0.18, 0.80)    
C (Chemical only) 0.13 (-0.17, 0.42)    

ap-values could not be computed due to termination of iteration on between-subjects factor 
 
methods such as weekly oiling in all possible 
ground larval habitats and monthly treatment of 
permanent water bodies with temephos sand 
granules [29]. 
 
The design of this study and its potential            
to demonstrate comparative efficacy of             
the treatments, as well as unearth causal 
relationship between treatments and outcome, 
was its major strength. However, the time 
constraint of the study duration limited          
longer observation and CI data collection, and    
is perhaps an important reason for the lack         
of conclusive statistical evidence to    
demonstrate superiority of any of the    
treatments. Another possible explanation could 
be the relatively low number of dengue        
cases during the 8 weeks period when this study 
was conducted (August and September 2016) 
[30]. 
 
A more comprehensive observation over a longer 
period of time may have resulted in a better 
outcome in terms of yielding statistical estimates 
of effect sizes needed to provide conclusive 
evidence of comparative efficacy of the larvicides 
between the three areas. We recommend      
more comprehensive studies covering a much 
wider area of George Town, Penang and to 
include as many measurable or recordable 
variables as possible such as the average 
temperature, average wind speed, the Air 
Pollutant Index (API), the humidity level of the 
areas studied and the frequency of preventive 
activities such as community efforts to maintain a 
“dengue-free” environment in the areas studied, 
as these factors could have influenced the CI 
findings. 
 
5. CONCLUSION 
 
This study revealed inconclusive statistical 
evidence in Aedes larvae reduction rates 
between chemical, biological or combination       
of both larvicides, although previous studies have 
demonstrated better vector control with Bti. In 
view of this finding, there is no evidence to 

undermine the current practice of larviciding in 
George Town, Penang or to enhance it with the 
combination of both larvicides. 
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