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Abstract. The effectiveness of a thermally fogged Lysinibacillus sphaericus (Ls) 
formulation (VectoLex® WG) and a mixture of Ls and a pyrethroid formulation, 
Resigen® dispersed using a portable thermal fog generator against adults and 
larvae of Culex sitiens and Culex quinquefasciatus was evaluated in simulated field 
trials.  The adult mortality, larval mortality and droplet profiles were used to mea-
sure the effectiveness of the control agents. Thermal fogging of Ls was possible 
without loss of effectiveness. However, the effective maximum dispersal distance 
was only up to 10 ft. A higher larval mortality was achieved at test point of 5 ft 
compared to 10 ft. The Ls dosage of 600-800 g/ha resulted in a higher larval mortal-
ity with longer residual effect compared to 500 g/ha. Resigen® alone was effective 
against adult Cx. sitiens and Cx. quinquefasciatus but did not exhibit larvicidal effect. 
Thermal application of a mixed formulation of Ls and pyrethroids was effective 
against both larvae and adults of Cx. sitiens and Cx. quinquefasciatus. The mixed 
formulation induced high larval and adult mortality. No antagonistic effect on the 
activity of the mixture of Ls and pyrethroids was observed. Simultaneous thermal 
fogging of a mixed formulation of Ls and pyrethroids exhibited synergistic effect 
that is applicable for the effective control of Culex species.
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major public health problems. Japanese 
encephalitis is a Culex - borne disease and 
the leading cause of viral encephalitis in 
Asia. About 68,000 clinical cases of JE are 
estimated to occur annually in Asia (WHO, 
2015). Two species of Culex (Diptera: Cu-
licidae) mosquitoes; Culex tritaeniorhyncus 
and Culex gelidus are well known vectors 
of Japanese encephalitis (JE) in Southeast 
Asia. Vythilingam et al (1994) and Vythilin-
gam et al (1995) reported for the first time 

INTRODUCTION

In tropical countries, mosquito-borne 
diseases such as malaria, dengue, fila-
riasis and Japanese encephalitis are still 
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in Malaysia the isolation of JE virus from 
Culex bitaeniorhyncus and Culex sitiens. One 
of the methods of controlling the Culex 
vectors relies mainly on the space applica-
tion of chemical adulticides, especially the 
pyrethroids and organophosphates. How-
ever, ULV space application of a pyrethroid 
formulation and fenitrothion in Thailand 
could only control the Culex vectors for 4 
days (Phanthumachinda, 1995). Hence for 
more effective control, the effectiveness of 
other control agent, such as the biolara-
vicide Lysinibacillus sphaericus should be 
evaluated. 

Lysinibacillus sphaericus (Ls) is a mi-
crobial larvicidal agent specifically effec-
tive against all Culex mosquitoes. With 
the ability to kill 90% of the Culex quin-
quefasciatus larvae tested with just a con-
centration of 105 spores/ml, Lysinibacillus 
sphaericus (Strain 1593) has shown good 
potential as a mosquito biocontrol agent 
(Cheong and Yap, 1985; Lee et al, 1986). Ya-
dav et al (1997) reported that Ls has good 
potential for use against disease vectors 
and mosquito breeding in polluted as well 
as clean water. An aqueous suspension 
formulation of Ls (Spicbiomoss®) can be 
used against Cx. quinquefasciatus in an 
integrated vector control management 
program (Mariappan et al, 1999). Siegel 
and Novak (1999) reported that the Ls 
microbial larvicide VectoLex® CG was ef-
fective when used in Illinois catch basins 
and tire dumps, while Su and Mulla (1999) 
found that the minimum effective dosage 
for Ls WDGs with 350-630 ITU/mg was 
0.05-0.10 lb/acre, which yielded significant 
control of immature Culex mosquitoes for 
up to 14-20 days.

The effective use of larvicidal mi-
crobial control agents such as Bacillus 
thuringiensis israelensis (Bti) and Ls is very 
much subjected to effective application 
technologies for its dispersal. Lee et al 

(1996) conducted a series of ULV-Bti tests 
to determine the optimal effective dosage 
and found that high larval mortality was 
achieved at a discharge rate of 0.5 l/min. 
In another study, it was reported that Ls 
could be dispersed efficiently with cold-
fogging sprayer (Kapa, 2000). 

In the study, a thermal fogger was 
used to disperse a Ls formulation (Vec-
toLex® WG) and a mixture of Ls and a 
pyrethroid formulation (Resigen®) which 
resulted in high larval and adult mortality. 
To date, thermally fogged Ls has not been 
reported, except Bti (Seleena et al, 2001). 
This paper reported for the first time ther-
mally applied Ls alone and mixed with a 
pyrethroid formulation against Cx. sitiens 
and Cx. quinquefasciatus under simulated 
field conditions.

MATERIALS AND METHODS

Test mosquitoes
Laboratory-bred strain of Cx. sitiens 

and Cx. quinquefasciatus maintained in 
the insectarium of the Institute for Medi-
cal Research, Kuala Lumpur was used 
in the study. Late 3rd instar and early 4th 
instar (L3/L4) instar larvae were used 
to measure larval mortality 30 minutes 
post-treatment and to determine the 
residual activity of control agents in the 
test water 30 minutes, and 7 and 14 days 
post-treatment. Sucrose-fed adult females, 
2-7 days old, were used to determine the 
adult mortality. 
Lysinibacillus sphaericus formulation

A commercial wettable granule (WG) 
formulation of Lysinibacillus sphaericus, 
VectoLex® WG (Abbott Laboratories;  
Johor, Malaysia) containing 650 ITU/mg 
against Cx. quinquefasciatus, and has a LC50 
value of 0.01 mg/l against laboratory bred 
Cx. quinquefasciatus larvae was used for 
the trial. The manufacturer’s recommen-
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dation for the outdoor application rate 
is 500 g/ha. In this trial, various dosages 
were tested.
Insecticide

A commercial pyrethroid formula-
tion Resigen® [a.i.: S-bioallethrin, 0.8 
%w/v; permethrin (25/75), 18.7% w/w; 
piperonyl butoxide, 16.8% w/v and inert 
ingredients, 63.7% w/v)] was used for 
the trial. The dosage used was based on 
the manufacturer’s recommendations for 
outdoor thermal fog application, that is, 
1:100 mixture.
Thermal fog generator

The Agrofog AF 35, IGEBA® thermal 
fogger (IGEBA Geraetebau; Weitnau, Ger-
many) was used to disperse the insecticide 
formulations. 
Test site

The field trials were conducted in an 
open area (50 ft x 50 ft). To determine the 
effectiveness of the spraying in relation to 
the distance from the fogging machine, the 
field was divided into two locations of 5 
ft and 10 ft apart which were designated 
as test points.
Test formulation (Table 1)

a) VectoLex® WG (Ls) only was ther-
mally applied in trial D1, D2, D3, D4 and 
D5 at application dosage of 95.6 g, 460 g, 
500 g, 630 g and 844 g/ha, respectively;  
b) Resigen® (1:100) emulsifiable concen-
trate only was fogged in trial D6; c) A 
mixture of VectoLex WG® (625 g/ha) and 
Resigen® (1:100) was fogged in trial D7.

In all the trials, the operator walking 
parallel to the cages at a pre-designated 
distance with the nozzle pointing toward 
the field dispersed the formulation to-
wards the test site.
Evaluation of trial 

The effectiveness of each trial was 
evaluated using three different parame- 

ters: larval mortality; adult mortality and 
droplet profile analysis.

Larval mortality. In all the seven trials, 
three sets of paper cups each contain-
ing 200 ml seasoned tap water (for Cx. 
quinquefasciatus larvae) and seasoned 
tap water with 1% sodium chloride (for 
Cx. sitiens larvae) were placed at the 
designated test points. The cups were 
left exposed for 30 minutes post-fogging. 
All the cups were collected and brought 
back to the laboratory. The first set of cups 
was tested for larva mortality 30 minutes 
post-exposure. Twenty larvae (L3/L4) of 
Cx. sitiens or Cx. quinquefasciatus were 
added into each cup. The control sets of 
cups were left in the laboratory. The larval 
mortality was scored after 30 minutes, 24 
hours, and 48 hours post-exposure. The 
2nd and 3rd sets of cups were kept at room 
temperature in the laboratory and were 
tested for the residual activity of control 
agents at 7 and 14 days post-fogging.

Adult mortality. In trial D7, the adult 
females of each species were transferred 
into cages and hung onto poles at the 
designated test points at 5 ft and 10 ft. 
The control for adults in every trial were 
placed in cages and kept in the insecta-
rium. Thirty minutes after fogging, all 
adults were transferred into paper cups 
and given 10% sucrose solution in a cotton 
pad. Adult mortality was observed for the 
interval of 2 hours, 5 hours, and 24 hours 
post-fogging.

Droplet profile analysis. Magnesium oxide  
(MgO)-coated glass slides were used to 
measure the droplet size and density 
of the fogged particles. The slides were  
examined under a light microscope (100 x)  
fitted with an ocular micrometer to mea-
sure the diameter of the impinged drop-
lets. A total of 30 droplets per slide were 
measured. The data were analysed using 
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the droplet analysis program of Sofield 
and Kent (1984). The droplets with large 
volume are represented by the volume 
median diameter (vmd) while the small 
volume droplets represented by the num-
ber median diameter (nmd).
Bioassay of pre- thermally applied Vecto-
Lex® WG 

To prepare a stock solution, 37.0 g of 
VectoLex® WG were mixed well in 2,000 
ml of tap water in a clean container. Ten 
milliliters of the 2,000 ml stock solution 
were transferred into a tube (pre-thermal 
sample) for the pre-thermal fogging bio-
assay. The other 1,990 ml was fogged and 
a sample was collected in a container at 
the end of the nozzle. Ten milliliters of the 
post-thermal sample were transferred into 
a tube and bioassayed.

For the bioassay, disposable 150 ml pa-
per cups were used. For each test concen-
tration, at least 3 replicates were used. A 
total of 25 Cx. quinquefasciatus larvae (late 
3rd instar) were introduced into each cup. 
Two additional cups containing 150 ml 
distilled water were used as control rep-

licates. The larva mortality was recorded  
after 24 hours and 48 hours exposure by 
counting the live larvae. The mortality 
data were pooled and analysed using Pro-
bit Analysis Program of Raymond (1985) 
to obtain the lethal concentration value.

RESULTS

Bioassay of VectoLex® WG (Ls)
The 24-hour LC50 value for the pre-

thermal Ls sample was 0.017 mg/l (0.013 
< LC < 0.022) and after 48-hours expo-
sure, the LC50 value for the pre-thermal 
and sample was 0.0095 mg/l (0.0072 < LC  
< 0.013). 
Trial D1 (Fig 1)

The droplets from the dispersed 
particles were detected on the MgO glass 
slides placed at test point of 10 ft. There 
was no droplet detected on the MgO glass 
slides placed at test point of 20 ft and 
30 ft in D1, showing that the maximum 
dispersal distance is only up to 10 ft. The 
vmd and nmd of the dispersed particles 
was 74.55 µm and 41.71 µm, respectively 

Table 1
Field evaluation of VectorLex® WG and Resigen® using a portable thermal fog  

generator.

Trial no.	 Test formulation	 Discharge rate	 Dosage (a.i/ha)

D1	 VectoLex® WG (20.0 g) dissolved in 2,000 ml H2O	 220 ml in 66 secs	 95.6 g a.i/ha
	 (water)
D2	 VectoLex® WG (20.0 g) dissolved in 2,000 ml water	 230 ml in 60 secs	 460.0 g a.i/ha
D3	 VectoLex® WG (20.0 g) dissolved in 2,000 ml water	 250 ml in 60 secs	 500.0 g a.i/ha
D4	 VectoLex® WG (25.2 g) dissolved in 2,000 ml water	 250 ml in 60 secs	 630.0 g a.i/ha
D5	 VectoLex® WG (36.7 g) dissolved in 2,000 ml water	 230 ml in 60 secs	 844.0 g a.i/ha
D6	 Resigen® (15.4 ml) mixed in 2,000 ml water	 300 ml in 60 secs	 462.0 ml a.i/ha
D7	 VectoLex® WG (28.7 g) and Resigen® (15.4 ml); 
	 dissolved and mixed in 2,004.6 ml water	 220 ml in 60 secs	 VectoLex® WG:
			   625.0 g a.i/ha
			   Resigen®:
			   335.5 ml a.i/ha
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Fig 1–Mean 24 and 48 hours post-fogging larval mortality (%) of Culex  sitiens exposed to thermally 
applied VectoLex WG® at 95.6 g/ha.

Fig 2–Mean 24 and 48 hours post-foging larval mortality (%) of Culex sitiens (Cs) and Culex quinque-
fasciatus (Cq) exposed to thermally applied VectoLex® WG at 460 g/ha.

with a ratio of 1:1.79, indicating that the 
dispersed particles were quite uniform. 

The larval mortality in Cx. sitiens was 
75-90 % after exposure period of 48 hours 
in the 30 minutes post-fogging at 10 ft. The 
percentage dropped to 35-55 %, 7 days and 
20-25 %, 14 days post-fogging.
Trial D2 (Fig 2)

The test point was reduced to 5 ft and 
10 ft, because of absence of droplets beyond 

10 ft based on trial D1. At test point of 5 ft, 
the vmd and nmd of the dispersed particles 
was 105.12 µm and 49.33 µm, respectively 
with a ratio of 2.13 indicating that the 
dispersed particles were not uniformly 
distributed. At 10 ft, the vmd and nmd 
was 71.02 µm and 50.45 µm, respectively 
with the ratio of 1.41 indicated that the dis-
persed particles were more uniform size. 

Complete larval mortality in Cx. sitiens 
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Fig 3–Mean 24 and 48 hours post-foging larval mortality (%) of Culex sitiens (Cs) and Culex quinque-
fasciatus (Cq) exposed to thermally applied VectoLex® WG at 500 g/ha.

Fig 4–Mean 24 and 48 hours post-foging larval mortality (%) of Culex sitiens (Cs) and Culex quinque-
fasciatus (Cq) exposed to thermally applied VectoLex® WG at 630 g/ha.

was achieved after 48-hour exposure in 
the 30 minutes post-fogging for both test 
points at 5 ft and 10 ft, while in Cx. quinque-
fasciatus the larval mortality ranged from 
90-100%. There is a significant difference 
(p<0.05) in number of larval killed between 
duration of post-fogging and also between 
Cx. sitiens and Cx. quinquefasciatus.  
Trial D3 (Fig 3)

At test point of 5 ft, the vmd and nmd 
was 47.25 µm and 39.45 µm, respectively 
with a ratio of 1.20. At test point of 10 ft, 

the vmd and nmd was 45.16 µm and 36.19 
µm, respectively with a ratio of 1.25. The 
ratios indicated that the dispersed par-
ticles were of uniform size.  

Complete larval mortality was achieved 
in Cx. sitiens after 48 hours exposure in the 
30 minutes post-fogging. In Cx. quinquefas-
ciatus, the larval mortality was 90-100%. 
Trial D4 (Fig 4)

At test point of 5 ft, the vmd and nmd 
of the dispersed particles was 60.91 µm 
and 42.31 µm, respectively with the ratio  
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Fig 5–Mean 24 and 48 hours post-fogging larval mortality (%) of Culex sitiens (Cs) and Culex quin-
qusfasciatus (Cq) exposed to thermally applied VectoLex® WG at 844 g/ha.

Fig 6–Mean 24 and 48 hours  larval mortality of Culex sitiens (Cs) and Culex quinquefasciatus (Cq)  
exposed to thermally applied pyrethroid formulation (Resigen®) at 462 ml/ha.

of 1.43. At test point of 10 ft, the vmd and 
nmd of the dispersed particles was 55.77 
µm and 42.31 µm, respectively with the ra-
tio of 1.32. These ratios indicated that the 
dispersed particles were of uniform size. 

Complete maximum larval mortality 
was achieved after 48 hours in both Cx. 
sitiens and Cx. quinquefasciatus at the test 
point of 5 ft in the 30 minutes post-fog-
ging. The larval mortality after 48 hours 

ranged from 90-100% in the 7 days and 14 
days post-fogging. When compared with 
trial D2, there was no significant differ-
ence (p>0.05) in number of larva killed 
in the 30 minutes and 7 days. However 
there is a significant difference (p<0.05) 
in number of larva killed 14 days post-
fogging in Cx. sitiens. 
Trial D5 (Fig 5)

The ratio of vmd to nmd at test point 
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of 5 ft and 10 ft was 1.40 and 1.30, respec-
tively. These ratios indicated that the 
dispersed particles were of uniform size. 

At test point of 5 ft, complete larval 
mortality was achieved after 48-hour 
exposure for both Cx. sitiens and Cx. quin-
quefasciatus. At test point of 10 ft, the larval 
mortality ranged from 80-100% after 48 
hours in the 14 days post-fogging. 

When compared with trial D2, there 
was no significant difference (p>0.05) in 

Fig 7–Mean 24 and 48 hours post-fogging larval mortality (%) of Culex sitiens (Cs) and Culex quin-
qusfasciatus (Cq) exposed to thermally applied VectoLex® WG at 625 g/ha and Resigen® at 
335.5 ml/ha.

Fig 8–Mean post-fogging adult mortality (%) of Culex sitiens (Cs) and Culex quinqusfasciatus (Cq) 
exposed to thermally applied VectoLex® WG at 625 g/ha and Resigen® at 335.5 ml /ha.

number of larva killed in Cx. sitiens after 
24-hour exposure in the 30 minutes, 7th 
days and 14th days but there is a signifi-
cant difference (p<0.05) after 48 hours of 
exposure. However in Cx. quinquefas-
ciatus, there was no significant difference 
(p>0.05) in number of larva killed after 24 
and 48-hours exposure in 30 minutes and 
14 days post-fogging but there is a sig-
nificant difference in 7 days post-fogging. 

When compared with trial D4, there 
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is no significant difference (p>0.05) in 
number of larva killed in both Cx. sitiens 
and Cx. quinquefasciatus in the 30 minutes, 
7 days, and 14 days after post-fogging. 
Trial D6 (Fig 6): Thermal fogging of Resi-
gen®

At test point of 5 ft, the vmd and nmd 
of the dispersed particles was 53.15 µm 
and 43.14 µm, respectively with a ratio 
of 1.23. At test point of 10 ft the vmd and 
nmd was 48.22 µm and 40.70 µm, respec-
tively with a ratio of 1.18. These ratios 
indicated that the dispersed particles were 
of uniform size.

At the test point of 5 ft, complete adult 
mortality was achieved after 24 hours in 
Cx. sitiens. However, the mortality ranged 
from 80-100% in Cx. quinquefasciatus. A 
mortality of below 10% was achieved after 
24 hours for the test point of 10 ft for both 
Cx. sitiens and Cx. quinquefasciatus. 

Minimal larval mortality was achieved 
in both Cx. sitiens and Cx. quinquefasciatus 
in the 30 minutes, 7 days, and 14 days post-
fogging. When compared with trial D5, 
there is a significant difference (p<0.05) in 
number of larva killed in both Cx. sitiens 
and Cx. quinquefasciatus in the 30 minutes, 
7 days, and 14 days post-fogging.

Trial D7 (Figs 7 and 8) : Thermal fogging 
of a mixed formulation of VectoLex® WG 
and Resigen®

At test point of 5 ft, the vmd and nmd 
of the dispersed particles was 51.79 µm 
and 39.13 µm, respectively with a ratio of 
1.32. At test point of 10 ft, the vmd and 
nmd of the dispersed particles was 35.67 
µm and 31.98 µm, respectively, with a ra-
tio of 1.12. These ratios indicated that the 
dispersed particles were of uniform size. 

The larval mortality of 80-100% was 
achieved after 48-hour exposure in the 30 
minutes and 7 days after post-fogging. 

When compared with trial D2 and trial 
D5, there was no significant difference 
(p>0.05) in number of larva killed after 48-
hour exposure in the 30 minutes, 7 days, 
and 14 days post fogging in both Cx. sitiens 
and Cx. quinquefasciatus. 

At test point of 5 ft, complete adult 
mortality was achieved after 24 hours in 
Cx. sitiens. However in Cx. quinquefasciatus 
the mortality ranged from 60-80%. 

DISCUSSION

In this study a microbial insecticide 
VectoLex® WG was tested alone or mixed 
with a chemical insecticide formulation, 
Resigen® for the control of Culex sitiens, and 
Culex quinquefasciatus. A portable thermal-
fog generator, Agrofog AF35 IGEBA® was 
used to disperse the formulations. The ratio 
of vmd to nmd of the sprayed particles 
between the formulations used in the trials 
indicated that the portable thermal fog gen-
erator, Agrofog AF35 IGEBA® effectively 
dispersed the formulations to uniform size 
droplets. The VectoLex® WG and Resigen® 
was effectively sprayed without any clog-
ging. Thus, the hot gas generated in the 
thermal fogger atomised the formulation 
with negligible deterioration of the Ls 
formulation. However, the maximum dis-
tance of the dispersed particles was only 
up to 10 ft. Beyond that point, there was 
no droplets detected on the MgO glass 
slides. Thermal fogger employs high heat 
to vaporise and disperse the control agent 
without use of pressure and as such, the 
spray distance is limited. 

The formulation, VectoLex® WG was 
bioassayed using laboratory bred Cx. 
quinquefasciatus larvae (late 3rd instar). 
The bioassay was conducted for the pre-
thermal fogging and the results indicated 
that VectoLex® WG was highly larvicidal to 
Cx. quinquefasciatus. Heat from the thermal 
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fogger did not reduce the larvicidal activity 
of the VectoLex® WG formulation. Seleena 
et al (2001) also mentioned that a thermal 
fog generator that employs the resonant 
pulse principle to generate hot gas at high 
velocity could be used to efficiently space 
spray Bti. They concluded that water used 
to dilute Bti formulation effectively pro-
tected Bti from deterioration and similar 
protection would have occurred in thermal 
fogging of Ls.  Thermal fogging of Resigen® 
alone was effective against adults of Cx. 
sitiens and Cx. quinquefasciatus; however 
a higher mortality was achieved for Cx. 
sitiens, indicating that Cx. sitiens was more 
susceptible to pyrethroids compared to 
Cx. quinquefasciatus. A higher dosage of 
Resigen® should be able to induce higher 
mortality in both species. Resigen® has no 
larvicidal effect, but it was noticed that 
there was a knocked-down effect after 2-3 
hours exposure on the larvae of both Cx. 
sitiens and Cx. quinquefasciatus without 
mortality. 

Thermal fogging of VectoLex® WG 
was effective against larval stages of both 
Cx. sitiens and Cx. quinquefasciatus. The 
portable thermal fog generator effectively 
dispersed the formulation without affect-
ing the Ls larvicidal toxins. The larvicidal 
toxins of VectoLex® WG at 500-800 g/ha 
was very stable and able to effect high 
larval mortality for a duration of 14 days 
post-treatment. As a comparison, Seleena 
et al (2001) reported that the larvicidal 
toxin of VectoBac 12AS® (Bti) also lasts 
for a duration of 14 days post-treatment 
against Aedes aegypti larvae. Mulligan  
et al (1980) reported that persistence of Ls 
increased with dosage and this was also 
observed in this study.

Thermal fogging of a mixed formu-
lation of pyrethroids and Ls (Resigen® 
and VectoLex® WG) was significantly 
effective against both Cx. sitiens and Cx. 

quinquefasciatus. The mixture formulation 
induced higher mortality in both larvae 
and adult stage. There is no antagonistic 
effect against each other between the two 
formulations. Seleena et al (2001) reported 
that a Bti formulation could be dispersed 
efficiently using a similar thermal fog 
generator, Agrofog AF 35. In term of for-
mulation stability, the wettable granule 
formulation of Ls (VectoLex® WG) is more 
stable compared to aqueous formulation 
of Bti (Vectobac 12AS®). 

The concept of simultaneous adulti-
ciding and larviciding has been evaluated 
in the control of disease-carrying vectors. 
Seleena et al (2001) reported that a thermal 
fog generator that employed the resonant 
pulse principle to generate hot gas (over 
200oC) at high velocity can be used to 
efficiently space spray Bti. In the study, 
a similar fog generator, Agrofog AF 35 
IGEBA® (IGEBA Geraetebau; Weitnau, 
Germany) was used to disperse a 50x 
diluted Bti formulation and a similar py-
rethroid formulation, Aqua-Resigen®. The 
50 folds diluted VectoBac 12AS® formula-
tion caused a 95% mortality among the 
tested Ae. aegypti larvae in the 15 minutes 
post-treatment samples at 48 hours expo-
sure and the residual effects lasted for 14 
days. High adult and larval mortality was 
achieved on fogging a mixture of the 50 
fold diluted VectoBac 12AS® formulation 
at a dosage of 300 ml/ha together with 
Aqua-Resigen®. The portable thermal 
fog generator can be used efficiently 
to disperse larvicides such as Bti and a 
water-based adulticide simultaneously in 
an area inaccessible to vehicle-mounted 
sprayers by road (Seleena et al, 2001).

Previous study by Seleena and Lee 
(1998), Seleena et al (1999), and Kapa 
(2000) have shown that microbial control 
agent (Bti and Ls) and chemical insec-
ticides (eg, water-based formulation of 
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pyrethroid insecticide) were not antago-
nistic to each other and they concluded 
that larviciding and adulticiding activities 
could be incorporated into a single vec-
tor control operation. Seleena et al (2004) 
reported that complete larval mortality 
was achieved on spraying a mixture of 
VectoLex® WDG and Fendona® SC (alpha 
cypermethrin) in a field evaluation against 
malaria vector in Ranau, Sabah. These 
data suggested that the larvicidal toxins 
of VectoLex® WDG are stable and are not 
degraded by chemical adulticide such as 
alpha cypermethrin.

In term of applicability, the concept 
of thermal fogging of a biological-based 
insecticide formulation such as Ls and Bti 
together with chemical insecticide espe-
cially pyrethroid is an effective approach in 
vector control since this method is highly 
effective against both adult and larval 
stage of the target insect. In vector control 
strategy, controlling the immature stages 
(larval) is as important as adult stage espe-
cially during disease outbreak. Therefore, 
simultaneous application of adulticide and 
larvicide should be adopted as an effective 
strategy in vector control. 
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