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Simultaneous ultra-low-volume application of adulticide (malathion) and larvicide 
(Bacillus thuringiensis H-14) for the control of dengue vectors 

Lee HL, Antonietta PE, Seleena P and Chiang YF Institute for Medical Research, fa/an Pahang, 50588 Kuala 
Lumpur, Malaysia. 

Abstract 

The evaluation of the effectiveness of ultra-low-volume fogging with a mixture of bioinsecticide Bacil
lus thuringiensis H-14 and malathion for the control of dengue vectors was conducted in a residential 
area. The effectiveness was measured using four different indicators: larval mortality, adult mortality, 
Bti enumeration and droplet analysis. The fogging formulation which was a mixture of 9 parts 
VECTOBAC 12AS• and 1 part 96% technical grade malathion was dispersed using a Dynafog Maxi 
Pro4• ULV generator with a 18 horse power engine. The flowrate which was 0.25 L/min was able to 
effectively deliver sufficient Bti toxins and malathion up to a distance of 19.7 m (65 ft) from the 
generator. The amount discharged was also sufficient to effect complete residual activity in Aedes 
mosquito larvae for a minimum of 14 days post ULV. Malathion does not affect the activity of larvicidal 
toxin of Bti since 100 % larval morcality was obtained in che test samples. On the ocher hand, 
VECTOBAC 12ASR too did not exert any negative effect on malathion as I 00 % adult mortality was 
obtained in the Aedes mosquito species. Bti fogged at a dosage of 0.25 Umin had good coverage of the 
target area and penetration of dwellings, these being attributed to satisfactory droplet profiles. Based 
on the results of chis scudy, it can be concluded that VECTOBAC l2ASR, an aqueous suspension 
formulation of Bti, dispersed simultaneously with malathion, a chemical insecticide, using ULV fog
ging at a discharge race of 0.25 L/min, was very effective in controllingAedes mosquitoes. 
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Introduction 
In Malaysia, mosquito-borne diseases especially dengue 
continue co cause public concern. In the absence of ef
fective and specific creatment of dengue, che incerrup
tion of disease transmission by the vectors remain the 
most effective method of control. The effective control 
of the dengue vectors, Aedes aegypti and Ae albopictus 
relies on the proper use of adulticides and Larvicides. In 
Malaysia, the adulticide of choice is malathion, an 
organophosphace, while the recommended larvicide is 
temephos (Vector Borne Diseases Control Programme, 
1986). Malathion is often applied as a thermal or cold 
(ULV) fog by che health auchoriries and che use of 
cemephos by the layman co treat household concainers 
is encouraged. Such comparcmencisation of adulticiding 
and larviciding is nor effeccive, primarily due to the Low 
usage of temephos (Lee, 199 l) and thus the possibility 
of simultaneous application of adulticide and larvicide 
in the same operation has been proposed. An effective 
alcernacive larvicide is Bacillus tlmringienslS H-14 (B11). 
This microbial agent has been shown co be effective 
when dispersed by ULV fogging (Lee et al., 1996). 

The combined use of chemical insecticide and Bti 
has been reported. In Dominican Republic, Tidwell et 
al. ( 1994) evaluated Bti and permethrin using che Scor
pion( 20 ULV forced-generator for the emergency con 
crol of Ae. aegypti. The flow rates used were 788, 1,577 

& 2,586 ml/ha in three separate rests. Seleena et al. 

( 1995) also found that applications of a combination 
of Bti and adulricide was effective in controlling adult 
and larvae simultaneously using a flow rate of 1.6 U 
mm. 

In chis study attempts were made to evaluate che ef
fectiveness of a mixture of Bacillus thuringiensis H-14 

and malathion using an ULV generator under real field 
conditions. 

Materials and Methods 
Study area 
The crial was conducted in a housing esrace consisting 
of single storey semi-detached houses in Pandamaran, 
Klang, about 50 km west of Kuala Lumpur. Ten houses 
were selected randomly for che trial. Two rows of houses 
facing opposite to one another were chosen as test 
houses. The length of each house was about 19 .8 m (65 
ft) from the gate co the backyard. Each house was di
vided into 3 sections: The 1st 12. l m (40 ft) from the 
gate co che front door was labeled as outside; The inside 
of the house which was about 7.6 m (25 fr) long was 
divided into 2 sections. 

ULV generator 
A vehicle mounted Dynafog Maxipro4• generator was 
used co disperse Bti. The machine was operated at an 
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air pressure of 8 psi wich an 18 horse power engine dur
ing the ULV fogging operation. The bacteria-malathion 
mixture was dispersed at a discharge raLe of 0.25 L/min 
at a constant vehicle speed of <10 kph covering a dis
tance of about 65 ft (19.8 m) wich its nozzle pointing 
at 45° cowards the test houses. 

Insecticides used 
A commercial aqueous Bti formulation VECTOBAC 
l 2AS® supplied by Abbott Laboracories and contain
ing 1,200 ITU/mg agamst Ae. aegypti. Its LC� value 
against laboratory bred Ae. aegypti was 0.0027 mg/L 
(Lee & Seleena, unpublished data). Deodorised 
malathion 96 % technical grade (Fyfanon®) was used. 
The final fogging formulation was a mixture of 9 parts 
of VECTOBAC 12AS and 1 part of malathion. 

Mosquitoes 
Late 3rd instar and early 4th instar larvae of laboracory 
breed Ae. aegypti and Ae. albopictus were used. Adult 
females (<7 days old), laboratory reared Ae. aegypti, Ae. 
11lbopict11s and Cu/ex quinquefasciatus were also used The 
adult mosquitoes were transported ro the srudy area rwo 
hours prior to fogging and transferred to the cesc cages 
several minutes before the fogging operation. 

Bioassay procedures 
Assessment of morcaliries induced were by caged assays 
of adult mosquitoes and larvae. Twenry five sucrose-fed 
mosquitoes were placed in each cage constructed offine 
cloth wich a wire frame support. The caged mosqui
toes and the paper cups with the magnesium oxide
coated slides amongst the cups were placed close co each 
other outdoors, in the porch and indoor, in the sirring 
room and ktrchen. 

To evaluate the effectiveness of Bti with malathion 
applied by ULV fogging, four different indicators were 
measured: 
(a) Larva.I morcaliry - The most imporcanr parameter 

used to evaluate che effectiveness of Bti is co meas
ure larval morcaliry 24 hours pose ULV. Paper cups 
containing 50 mL sterile distilled water were placed 
randomly in the porch, and in che interior of houses. 
One set of cups was collected one hour after fog
ging while che other 2 secs were left: behind to de
termine the persistence of Bti roxins applied under 
field conditions. In the laboratory Ae. aegypti and 
Ae. albopictus larvae were added inco the cups and 
morraliry was scored after overnight (18 hour) ex
posure. All dead and alive larvae were removed from 
the cups and fresh larvae were added 7 d and I 4d 
pose ULV co determine the residual acciviry. The 
cups which were lefr behmd in the field were 
brought back co the laboratory 7 d and 14d pose 
ULV. Similarly, 15 L3 / L1 larvae were added to 
these cups and mortality was scored after overnight 
exposure. 
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(b) Adule mortaliry - Since malathion was dispersed 
together with Bti, the adulr mortaliry was measured. 
Cages of25 sucrose- fed, (<7 days old) adulr female 
Ae. aegypti and Ae. albopictus mosquitoes were placed 
outside and inside the houses ac various distances 
from rhe ULV generator. One hour after fogging 
the adult mosquitoes were brought back co the labo
ratory. The mosquitoes were rhea transferred co 
paper cups and fed with sugar solution. The adult 
morraliry was recorded 24 hours pose ULV 

(c) Bti enumeration - Another parameter used in the 
evaluation is the colony-forming units enumeration 
per mL {cfu/mL). The amount of Bti in terms of 
colony forming units in the rest samples was also 
measured. This was done by collecting water sam
ples from the rest cups inro scerile containers ar in
tervals of I hour, 7 days and 14 days post ULV. 
The samples were placed onto a B. tlmringiensis se
lective media (NYPC) concaining nutrient agar (23 
g/L), yeast (0.5 g/L), MnCl

1 
(6 mg/L), CaCl

2 
(80 

mg/L), MgCI, (70 mg/L), polymyxin B sulphate 
(0.1 g/L) and' chloramphenicol (I mg/L ). Then 
0.3 mL of each water sample was inoculated onco 
this medium and the cfu/mL were enumerated af
ter 24 hour incubanon at 32°C. Corresponding 
serial dilutions were done for samples whose cfu 
were more than 300/plare. Two replicates were done 
for each water sample.The number of cfu/mL in 
warer samples collected 24 hour pose ULV mdicated 
the coverage of ULV fogging, while cfu counc for 
7d and 14d pose ULV water samples showed the 
persiscency of Bti in che rest samples. 

(d) Droplet analysis - The d1srribunon and size of 
sprayed particles were monitored through the use 
of MgO coated slides. These slides were prepared 
by burning a 25.4 cm (10 in) scrip of magnesium 
ribbon on the underside of a cleaned glass slide ro 
produce a uniform coat of MgO. These slides were 
placed horiwncally with rhe coated surface upward 
amongst the cups holding rhc larvae. After I hour, 
the slides were collected and brought back co che 
laboratory. Droplet diameter was measured for an 
average of 60 droplets for each MgO coated slide 
using a calibrated micrometer. The data were 
analy-ted using rhe ULV Droplet Analysis Pro
gramme of Sofield & Kenc ( 1984). 

Fogging operattom 
The formulation of a mixture of 9 pares VECTOBAC 
I 2AS® and I pan of 96 % malathion was dispersed at a 
flow rate of 0.25 Umin cowards the test houses. Fog
ging was starred ar 0800 hr and the vehicle made 1 pass 
at each row of houses. There was a slighr bree1.e (< I 
km/hour) during the trial and the weather was fair. 
Homeowners in rhe area were requested co leave their 
doors and windows open during the fogging operanon 
and until one hour after fogging. This was co allow che 
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ULV fog co penetrate inco che house. They were asked 
furcher co cooperate by leaving rhe test cups inside che 
house until 7d and 14d post ULV. 

Cagei, of each species were kept 600 m away from 
the test houses as controls. These cages were brought 
back co the laboratory and mortal icy was recorded 24h 
post ULV. In the laboratory 2 sets of cups containing L

3 
I L., larvae of Ae. ttegypt1 and Ae. albopictus were also 
kept as controls. 

Results 

A combined VECTOBAC I 2AS and malathion fogged 
at a discharge rate of 0.25 L /min achieved complete 
larval mortality (laboraror} samples) in 80% of che 
houses wichin 12. l m (40 fr) from the generator. The 
mortal1cy was maintained until 14d posr ULV. The 
other 20% of the houses had 80% morcalily and this 
declined with ttme. I he cfu count ranged from O - 800 
cfu/mL. There was an inuease in cfu count within 7d 
post ULV after which it decreased with rime. Likewise 
complete larval monality was achieved for Ae. albopictus 
house samples in 60% of che houses within 12.1 m ( 40 
fr) from the generaror in which rhe mortality persisted 
until 14d pose ULV. The mortality in rhe ocher 40% of 
the houses ranged from 60 95% as shown in Fig. 1. 

Complete larval mortal1cy for Ae. ,regypti laboratory 

Larval Mortality 

100 

80 

40 

20 

0 

15 

samples in 90% of the houses within 12.1 m (40 ft) 
from che generaror was achieved and chis was main
tained until 14d pose UL V, except for cwo houses where 
rhe mortality decline by 30%. The cfu count ranged 
from O - 800 cfu/mL; there was an increase within 7d 
pose ULV after which it decreased with ume. On the 
other hand, Ae. aegypti house samples achieved com
plete larval mortality in 90% of che ccsc s·amples within 
12. l m (40 ft) from the gencracor and chis was main
tained until 14d post U l  V except in four houses where 
chc mortality declined with rime (Fig. 2). 

There was complete larval mortality for Ae. albopictus 
laboratory samples in 20% of rhe houses within 12.1-
15.2 m (40-50 fr) from generator (Pig. 3). The mortal
ity wac. maintained until 14 d pose ULV. The morcality 
in the ocher 80% of the houses ranged from 20 - 95% 
after which ic declined wich rime. High residual activ
ity againscAe. albopicws was observed in the 14d water 
samples. Ae. t1Lbopict11s house samples within 12.1-15.2 
m (40 50 fr) from the gcneraror also showed the same 
mortality as in Ae albopictus laboratory samples. The 
mortality in rhe other 80% of the houses ranged from 
40 - 85% after which it decreased with cime. The cfu 
counc was very low but ir increased from 7d co 14d 
pose ULV. 

Aedes aegypti laboratory samples wichin 12.1-15.2 m 
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Fig. I L1rval monality of Artie, nl/Jopicws (house ,.1mplc) .111<l bacteria cnumcrwon within 12.1 m from LIV grncr,uor. 
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Fig. 2 Larval mortality of Aetks aeg:ypri (house sample) and bacteria enumeration wichin 12.1 m from U LY generator. 
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Fig. 3 Larval monaliry of Aede, albopwus (house �ample) and bacleria enumeraiion within 12.1-15.2 m from ULV generator. 
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Fig. 4 Larval monalicy of Afdl'S rugypti (house sample) and bacreria enumeration within ]2. l-15.2 m from ULV generator. 

(40-50 ft) from rhe generaror showed complete larval 
morralicy in 20% of rhc houses and this was maintained 
until 14d posr ULV. There was an increase in mortal icy 
in rhe remaining 80% of the houses from 24h ro 7d 
posr ULV afrer which ir declined ·wich time. The mor
tal icy of Ae. aegypti house samples within 12. 1-15.2 m 
(40-50 fr) from the generaror decreases in 90% of the 
test samples. Low residual acriviry was observed in the 
water samples as shown in Fig. 4. 

Aedes albopictus laboracory samples within 15.2-19.7 
m (50-65 ft) from rhe generacor showed complete lar
val morralicy in 20% of che houses and this was main
tained until 14d pose ULV. The larval morcalicy in che 
remaining 80% of rhe houses ranged from 2 0 - 90% 
after whid1 it decline with rime. The cfu counr increased 
from 7d to 14d post ULV. Only 10% of the houses 
had complete larval mortal icy which persisted un ciJ 14d 
post ULV. The morcalicy of rhe rest of houses ranged 
from 40-95% after which it decreased with time. Low 
cfu count was observed from 7d co I 4d post ULV (Fig. 
5). 

There was complete larval morraliry both in 30% of 
the houses for Ae. negypti laboracory samples andAedes 
aegypti house samples within 15.2-19.7 m (50-65 ft) 
from the generacor. The cfu coum was relatively low 
(Fig. 6). 

There was 1 00% adulc mortalicy for both Ae. 
albopictus and Ae. aegypti in 90 o/o of rhe houses within 
12.1  m ( 40 ft) from the generator. Adult morralicy for 
Cx quinquefasciatus ranged from 10  - 25 o/o only. 

There was complete adult mortality of Ae. aegypti 
tmdAe albopictu.s in 90% and 50% respectively of houses 
12. l m ( 40 fr) from rhe generator . The mortality of Ae 
albopictu.s in rhe ocher 50% of rhe test samples ranged 
from 85-95% . There was no morralicy for Cx 

quinquefosciatus beyond 12.1 m ( 40 ft) from che gen
erator. 

Droplet profiles within 12. l m (40 ft) from genera
tor showed average volume median diameter (V md) and 
number median diameter (Nmd) of 48.55 and 42.48 
respectively with a ratio of 1 .14 which indicated char 
che droplet had an uniform distribution. There was a 
decrease in droplet densicy in 60% of the houses within 
12. 1 - 15.2 m (40-50 fr) from rhe generator. Droplet 
size ranged from 34 - 94 um. Bti droplets decreased 
wirh increasing distance from the generator. Droplet 
size ranged from 30 - 97 um. The average Vmd and 
Nmd were 44.60 and 41,?6 respectively with a ratio of 
1.07. 

Discussion 
Bti-malathion fogged ac 0.25 L/min was sufficienr co 
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Fig. 'i Larval moria.lity of Aedl.'s all>opict11s (home s.unplc) and bacccri,1 enumeration within I S . .2- 19.7 m from ULV generator. 
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effect 100% larval mo reality in all test samples as shown 
in the results of rhe trial. Environmental conditions in 
the field did nor adversdy affect rhe activity of the fogged 
Bti and there was very little difference as far as larval 
mortality is concerned for boch laboratory and house 
samples respectively. 

For che control of adult mosquitoes, a discharge rare 
of 0.25 L/min appeared to be very effective. Boch Ae. 
aLbopictus and Ae. aegypti achieved I 00% adult mortal
ity within 19.7 m (65 ft) from the generator. The adult 
morcality for Cx. quinquefizsciatus was very low which 
indicated char Cu/ex was nor susceptible to compara
tively low dosage of malathion. As the main objective 
of using a mixture of Bti-malathion is to control the 
dengue vectors, the lack of adulcicidal effects on Cx. 
quinquefasciatus is nor crucial. However, to effect higher 
Cx. quinquefasciatus adult mortality, a higher concen
tration of malathion is needed. 

The cfu count in all tested samples was very low de
spite J OO% larval mortality until 14d pose ULV: Al
though chere was an increase in the 7d pose ULV, ir still 
declined with rime. There was litde growth in che cul
ture medium and ic was possible that malathion may 
coat Bti spores and when the insecticide breaks down 
with time, rhe spores are released and germinate, thereby 
increased che cfu. 

Seleena et al. ( 1995 ) also reported chat lesser num
bers of Bti were detected in 30 minutes post ULV sam
ples due co rhc presence of malathion. This phenomena 
of Bti growth inhibition by malath.ion was reseed in the 
laborarory (Seleena, unpublished. data). Although 
malathion affeccs rhe growth of Bti, it does nor inter
fere with the activity of the larvicidal toxin of Bti since 
l 00% larval mortality was obtained in rhe rest samples. 
On rhe ocher hand, VECTOBAC I 2AS® coo did nor 
exert any negative effect on malathion as I 00% Aedes 
adult morcalicy was obtained. 

The results of droplet analysis showed char che drop
leL profile was very satisfactory using Dyna.fog 
Maxipro4® generator. This machine operates at an air 
pressure of 8.0 psi with an 18 horse power engine. 
Oynafog Maxipro4® with its 4 no1..zles was able to ef
fectively deliver sufficient Bti toxins and malathion ro a 
distance of 19.7 m (65 fc) from the generator. The 
amount discharged was also sufficient co give complete 
residual activity in container breedingAedes larvae for a 
minimum of 14 days pose ULV. This agreed with rhe 
hypothesis of Lee et al. (1996) char a Aowme of 0.3 L/ 
min and 0.5 Umin had a good penetration of dwell
ings which indicated that Bti ULV fogging is an effec
tive method of concrolling container breeding mosqui
toes. In another rrial, the authors found that after fog
ging, exposed warer cups set up in the building and 
stagnant water collected was larvicidal co Ae. aegypti lar
vae with complere residual acciviry up co 2 weeks 
(Seleena, unpublished data). 

These rests demonstrated rhe excellent potential for 
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the conrrol ofboch adulc and larval mosquitoes through 
a combined ULV adulticide and larvicide application 
(Tidwell et al., 1994). Ocher trials also indicated that 
ULV fogging was effective in dispersing bacteria and 
malathion for both larval and adult control simultane
ously (Seleena et al., 1995). However, the Aowrace used 
which was l.6 L/min was too high to be economical. 
The flowrace used in chis present scudy was 0.25 L/min 
producing a droplet diameter of 28- 65 um was noc 
only effective in concrolling Aedes mosquitoes bur also 
very economical. This will be cost-effective in vector 
conrrol operations. To ensure a successful Bti-malachion 
fogging operation the flowrates should be adjusted in 
accordance with the ULV generator used and che envi
ronment. 

The combined use of adukicidal and larvicidal agenrs 
in dengue vector control appeared co be a promising 
method of control. Currendy, dengue vector control is 
being comparcmenrised into separate adulciciding and 
larviciding operations, with little or no coordination at 
all. Such arcificial division is detrimental to effective 

dengue vector control. With rhe development of rech
niques for d1e simultaneous dispersaJ of adulcicide and 
larvicide, the control of dengue vectors will be further 
enhanced. 
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