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Article history: Objective: To investigate the effectiveness of slow release formulations of Bacillus
Received 5 May 2016 thuringiensis israelensis (AM 65-52) (B. thuringiensis israelensis) and spinosyns against the
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revised form 26 May 2016 M ethods: We tested slow release insecticide formulations of Natular DT, Tap 60 and VectoBac
Accepted 10 Jun 2016 granule againgt 11 instars of Cx. pipienslarvaein 50 L laboratory arenas.

Available online 23 Jun 2016 Results: Slow release formulations of B. thuringiensis israelensis and spinosyns gave
continuous control against Cx. pipiens for several weeks. Natular DT was more effective

over Tap 60 and VectoBac granule of about 1.3 and 5.8 times, respectively. Variations in

i%mw(olrgjss the durations of effective control among the tested slow release formulations may reflect
Mosquito-borne diseases differencesin their active ingredients and the mode of action.

Mosquito control Conclusions: Our results highlighted the effectiveness of B. thuringiensis israelensis and
Natular DT spinosyns against an important West Nile vector, providing baseline data to develop eco-
Tap 60 friendly mosquito control programsin Saudi Arabia

VectoBac granule

1. Introduction

Mosquitoes (Diptera: Culicidage) pose a major threat to millions
of people worldwide, as they vector important parasites and
pathogens, including malaria, dengue, chikungunya, Japanese
encephalitis, lymphatic filariasis and Zika virug1-3]. Culex pipiens
L. (Cx. pipiens) is an important vector of West Nile virus, Rift
Valley fever and bancroftian filariasis. Filariasis is caused by
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Filariodidea nematodes, namely, Wuchereria bancrofti, which is
responsible for 90% of cases, Brugia malayi, and Brugia timori[4].
Nowadays, more than 1.4 hillion people in 73 countries are living
in areas where lymphatic filariasis is transmitted and are at risk
of being infected. Globally, an estimated 25 million men suffer
with genital disease and over 15 million people are afflicted
with lymphoedema. Eliminating lymphatic filariasis can prevent
unnecessary suffering and contribute to the reduction of poverty[4].

The current strategy of integrated pest management comprises
the general approach of eco-friendly control measures may involve
several complements[s]. Until a few years ago, only the adults
were sprayed, but now, a more efficient way of reducing mosquito
populations is to target the egg and larval instars(6-8]. The global
use of insecticides for mosquito vector control in recent decades
have negative effects on the human health and the environment,
and lead to development of insecticide resistance7]. To deal with



534

these crucial challenges, in recent years bhiological insecticides
have been devel oped(7.8].

Many biological control agents have been evaluated against
larval stages of mosquitoes, of which the most successful ones
comprise bacteria Bacillus thuringiensis (B. thuringiensis) and
Bacillus sphaericug9]. VectoBac granule (VectoBac G) is granular
formulations of Bacillus thuringiensis israelensis (AM 65-52)
(B. thuringiensis israelensis) for the control of mosquito larvae.
Bacillus sp. produces large, spreading, gray-white colonies with
irregular margins. A unique characteristic of this bacterium is its
ability to produce endospores when environmental conditions
are stressful. B. thuringiensis is currently marketed worldwide as
control agents of many important plant pests, mainly Lepidoptera,
mosquito and black flies larvae[10]. The toxic action of B.
thuringiensis starts when the larvae ingested the insecticidal
crystalline protein spore complex. In the midgut, the insecticidal
crystalline protein is dissociated to protoxins and activated by
gut proteases, inducing the arrest of feeding and leading to
larval death[11]. The National Dengue Control Program in Brazil
employed VectoBac wettable granule (VectoBac WG) for routine
treatment of reservoirs of drinking water, controlling temephos-
resistant Aedes aegypti (Ae. aegypti) larvae. VectoBac WG was the
most suitable Bti formulation[12,13].

Natular DT (spinosad), a mixture of spinosyns A and D, known
as fermentation products of a soil actinomycete Saccharopolyspora
spinosa[14], is a biological neurotoxic insecticide that was
approved and registered by the US Environmental Protection
Agency as a larvicide for mosquito control in October 2007[15].
Spinosad is highly active by both contact and ingestion to
numerous pests in the orders Lepidoptera, Diptera, Thysanoptera,
Coleoptera, Orthoptera and Hymenoptera[16,17]. Spinosad has
little toxicity to vertebrates and has recently been approved for
use as a mosquito larvicide in human drinking water[18]. The
spinosad degrades rapidly, minimizing potential exposure[19,20].
Spinosad also establishes a new standard for low environmental
and human risks and offers new approaches to integrated pest and
insecticide resistance management. Hence, the use of microbial
insecticides provides aternatives to chemical insecticides. Slow
release larvicides have been recognized as efficacious and cheap
mosquitocides. Such formulations can reduce the frequency and
cost of insecticide application, especialy in situations where large
or inaccessible bodies of water require repetitive treatments.

In this research, we investigated the effectiveness of slow release
formulations of B. thuringiensis israelensis and spinosyns against
the West Nile vector Cx. pipiens in Saudi Arabia. Following
the World Health Organization method, we tested slow release
insecticide formulations of Natular DT, Tap 60 and VectoBac G
against |1 instars of Cx. pipiens larvae.
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2. Materialsand methods

2.1. Collection sites

A field strain of Cx. pipiens L. was used in this study. The
parental strain was raised from wild larvae collected from Jeddah
City, Saudi Arabia, and maintained under laboratory conditions
of (27 = 1) °C and (70 = 5)% relative humidity, with natural
photoperiod.

2.2. Sow release formulations

Three slow release formulations were tested, i.e. Natular DT
(direct application tablets), Tap 60 and VectoBac G (Figure
1). Spinosad is a natural product derived from the bacterium
Saccharopolyspora spinosa. It effects as a GABA neurotransmitter
agonist and kills insects by hyperexcitation of the insect nervous
system.

Slow release layer

Scored to split in half Effervi tlayer

Spinosad

VectoBac

Figure 1. Granules and tablets of the sow release mosquitocida formulations
were tested in this study. The fourth image represented the experimental
arenas where Cx. pipiens larvae were tested.

2.3. Semi-fidd experiments

Experiments were carried out in glass pools (54 cm x 52 cm % 30 cm)
containing 50 L of tap water. Each pool received a batch of 25 larvae
(I instar) of Cx. pipiens plus the tested formulations[21]. Untreated
pools were used as controls. The dosage of each formulation required
for larvd treatments were 0.35 g for Natular DT, 0.34 g for Tap 60 and
0.40 g for VectoBac G. They were determined by caculating the tota
surface of water in the pool aswell as accordingly to the recommended
dosages for fidld trids. The larvae were fed during the tests. All tests
and controls were replicated four times. Weter lost to evaporation was
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replenished every day. Larval mortalities were recorded daily until
all larvae either died or pupated. The live pupae were transferred to
untreated water in clean glass beakers for emergence. When complete
larval mortdity occurred, new live larvae were added to the test poals.
This procedure was continued consecutively until the efficacy of each
formulation reached a low level (i.e. less than 50% inhibition of adult
emergence).

2.4. Data analysis

Mortality data were corrected using the Abbott’s formula[22],
then analyzed by ANOVA followed by Tukey’s honestly significant
difference (HSD) test. Stetistical parameters were calculated according
the method(23).

3. Reaults

3.1. Efficacy of dow release formulation of Natular DT

The effectiveness of a sow release formulation of Natular DT on
the larva and pupa stages of Cx. pipiens was showed in Table 1 and
Figures 2 and 3. Effective control was defined as 90%—100% inhibition
of adult emergence. In our experiemnts, the treatments with slow
release formulation were gave continuous effective control against
Cx. pipiens for severd weeks. Table 1 shows the letha toxicity of the
product Natular DT on the larval stage as well as the inhibition of
adult emergence in Cx. pipiens. During one to five weeks, exposure to
Natular DT produced 100% larval mortality and 100% inhibition of
adult emergence when compared to 10 weeks where the larva mortality
reached to 60% and 40% of pupation. The records showed that larval
treatments with Natular DT provided tremendous effectiveness against
Cx. pipiens with 90%-100% inhibition of adult emergence for 70 days
post-trestment (Table 1 and Figure 2).

Tablel
Efficacy of dow release formulation of Natular DT on larvee of the West Nile
vector Cx. pipiens.

Number Larval mortality  Pupation Adult Inhibition DEC
(%)° (%) emergence (%) (%) (days)’

1 100.0+ 0.0  0.0+0.0" 0.0+0.0" 100.0 = 0.0° 70
2 100.0+0.0®  0.0+0.0" 0.0+0.0" 100.0 +0.0°

3 100.0+0.0®  0.0+0.0" 0.0+0.0" 100.0 0.0°

4 100.0 0.0 0.0+0.0" 0.0 £0.0" 100.0 = 0.0°

5 100.0 0.0 0.0+0.0" 0.0 £0.0" 100.0 = 0.0°

6 95020  50+50 2.0£2.0 98.0 £ 1.0"

7 94.0+2.0%  60+£2.0 6.0+1.0 9409+ 10

8 86.0+2.0%°  14.0+20  140+20 86.0%"+20

9 71.0+2.0%  290+1.0 29.0=+1.0 71.0 2.0

10 60.0+3.0"  400+40  40.0%2.0 60.0 +3.0

DEC: Duration of effective control; % Four replicates, 25 larvae each;
Number of treatments were carried out before recording larval mortality,
pupation or adult emergence; : Corrected with Abbott’s formula to correct
the percentage of inhibition of metamorphosis (i.e. the transition from larva
stage to pupa stage), control mortality ranged from 4% to 6%; “ Number
of days of effective control, i.e. from 90% to 100% inhibition of adult
emergence after treatment; *: Within a column, means + SD followed by the
asterisks were not significantly different (Tukey’s HSD test, P < 0.01).
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Figure 2. Mortality (%) of Cx. pipiens larvae (Il instar) post-treatment with
slow release formulations of Natular DT, Tab 60 and VectoBac G.
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Figure 3. Totd duration (days) of the effectiveness of dow release formulations

of Natular DT, Tab 60 and VectoBac G against Cx. pipienslarvee.

VectoBac G

3.2. Efficacy of slow release formulations of Tap 60 and
\ectoBac G

The efficacy of Tap 60 and VectoBac G on the larval stage and
pupal until adult emergence of Cx. pipiens was showed in Tables
2 and 3. During the first five weeks Tap 60 produced 6%—16% of
larval mortality and 90%—-100% inhibition of adult emergence,
while it began to lose its effectiveness after 52 days (Figure
2). Concerning VectoBac G, effective control with 90%—-100%
inhibition of adult emergence was achieved after six/seven days
post-treatment (Figure 4). The percentage inhibition of adult
emergence after seven days of post treatment ranges from 95%—
64%. Overall, recommended dosage information and number of
days of treatment were provided in Table 4.
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Table2
Evaluation of the efficacy of dow release formulation of Tab 60 on the West
Nile vector Cx. pipiens.

Number Larval Pupation Adult Inhibition DEC
mortality (%)* (%) emergence (%) (%) (days)*

1 10.0 £ 1.0 90.0 £ 1.0 0.0+0.0° 100.0 £ 0.0° 52

2 16.0+2.0 ™" 84020 0.0+0.0° 100.0 £ 0.0°

3 120+2.0™° 88.0+2.0 0.0+0.0° 100.0 £ 0.0°

4 6.0+1.0" 940+20 20+1.1 98.0 + 1.0979°

5 11.0+1.0%° 91.0+2.0 9.0+ 1.0 91.0 + 1.0°#*°

6 40+1.0"" 96.0+1.0 18.0+2.0 82.0+2.0

7 70+1.0"" 930+20  23.0+3.0 77.0+3.0

8 40+1.0"" 960+20  38.0+20 62.0 +4.0

DEC: Duration of effective control; % Four replicates, 25 larvae each; *: Number
of treatments were carried out before recording larval mortality, pupation or
adult emergence; © Corrected with Abbott’s formula to correct the percentage
of inhibition of metamorphosis (i.e. the transition from larva stage to pupa
stage), control mortality ranged from 4% to 6%; “ Number of days of effective
control, i.e. from 90% to 100% inhibition of adult emergence after treatment; ":
Within a column, means + SD followed by the asterisks were not significantly
different (Tukey’s HSD test, P < 0.01).

Table 3
Evaluation of the efficacy of slow release formulation of VectoBac G on the
West Nile vector Cx. pipiens.

Number Larval Pupation Adult Inhibition DEC
mortality (%)* (%) emergence (%) (%) (days)”

1 100.0 +0.0""" 0.0+0.0° 00+0.0  100.0+0.0 12

2 100.0 + 0.0"™° 0.0+0.0" 0.0£0.0°  100.0+0.0"

3 100.0 + 0.0"™° 0.0+0.0" 0.0£0.0°  100.0+0.0"

4 100.0 + 0.0"™° 0.0+0.0" 0.0£0.0°  100.0+0.0"

5 100.0 + 0.0 0.0+0.0" 0.0£0.0"  100.0+0.0"

6 100.0 + 0.0 0.0+0.0" 0.0£0.0°  100.0+0.0"

7 100.0 + 0.0"™° 0.0+0.0" 0.0£0.0°  100.00.0"

8 95.0 £2.0°" 5.0+2.0 5.0£2.0 95.0 £2.0

9 84.0+2.0@  290x1.0 29.0+1.0 71.0 2.0

10 64.0+20%  360+3.0 36.0 £2.0 64.0 2.0

DEC: Duration of effective control; ® Four replicates, 25 larvae each;
Number of treatments were carried out before recording larval mortality,
pupation or adult emergence; “: Corrected with Abbott’s formula to correct
the percentage of inhibition of metamorphosis (i.e. the transition from larva
stage to pupa stage), control mortality ranged from 2% to 4%; “ Number
of days of effective control, i.e. from 90% to 100% inhibition of adult
emergence after treatment; " Within a column, means + SD followed by the
asterisks were not significantly different (Tukey’s HSD test, P < 0.01).
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Figure 4. Mortality (%) of the Cx. pipiens larvae (Il instar) post-treatment
with aslow release formulation of VectoBac G.

Table4
Effectiveness of dow release insecticide formulations againgt the larval instars
of Cx. pipiens.

Treatment Recommended dose Ration use Days
Natular DT 1.4 g/200 L 0.070 g/10 L 70
Tap 60 2.0 g/300 L 0.067 g/10 L 52
VectoBac G 8.09/1000 L 0.080 g/10 L 12
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4, Discussion

Nowadays, mosquito vector control is challenging due to the
emergence of resistance to conventional synthetic insecticides,
warranting either counter measures or development of newer
insecticides[24]. B. thuringiensis israelensis is a biocontrol agent
ideal for the control of Anopheles and Culex mosquitoes, due
to its prolonged killing action[25,8]. It has been proved to be
effective against Culex quinquefasciatus (Cx. quinquefasciatus),
a vector of bancroftian filariasis, breeding in urban and peri-
urban areas[26]. In this study, Natular DT was more efficient
against Cx. pipiens by about 1.3 folds than Tap 60 and 5.8 folds
than VectoBac G, respectively. Interestingly, Natular DT has little
toxicity to vertebrates and has recently been approved for use
as a mosquito larvicide in human drinking water[18]. It has been
shown to be effective in preventing or reducing the development of
immature aquatic stages of important vector species, particularly
Ae. aegypti, Aedes albopictus, Anopheles gambiae, Anopheles
pseudopunctipennis, Anopheles albimanus, Cx. pipiens and Cx.
quinquefasciatug15]. In addition, Kovendan et al.[27] pointed out
that the bacterial insecticide spinosad is highly effective on larvae
of the chikungunya vector Ae. aegypti with LC,, values ranging
from 51.76 mg/L (I instar larvae) to 93.44 mg/L (pupae). Kumar
et al.[28] highlighted that spinosad is highly effective against the
larvae and pupae of Anopheles stephensi (An. stephensi) and Ae.
aegypti. After 24 h of exposure, LCs, values against An. stephensi
were 384.19 (I instar larvae) and 572.63 mg/L (pupae). LCs, values
against Ae. aegypti were 210.68 mg/L (I instar larvae) and 305.85
mg/L (pupae). Furthermore, Madhiyazhagan et al.[29] reported
that azadirachtin and spinosad may be successfully employed as
larvicides against Chironomus kiiensis. Recently, Duchet et al.[30]
reported that B. thuringiensisisraelensis and spinosad were effective
in reducing adult emergence of the non-biting midges Polypedilum
nubifer and Tanytarsus curticornis. In this research, the deviation
in the durations of efficacy among the tested formulations may be
attributed to the differential mode of action of the active ingredients
and the concentration tested[31]. We hypothesized that the toxicity
of spinosad against Cx. pipiens may be the excitation of the insect
nervous system, leading to involuntary muscle contractions,
prostration with tremors, and paralysis32].

On the other hand, the larvicida performance of VectoBac G was
relatively poor with one week of complete control of Cx. pipiens
larvae per each season. The low persistence of B. thuringiensis-
based product, also reported in previous trials, is particularly
evident when exposed to direct sunlight[33]. In this study VectoBac
G effective control with 90%-100% inhibition of adult emergence
was achieved after six-seven days of post-treatment. Percentage
inhibition of adult emergence after seven days of post treatment
ranges from 95%-58%. For instance, Karch et al.[34] highlighted
that polluted gutter water, the breeding site of Cx. quinquefasciatus,
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was treated with 2, 4, and 6 L/ha of VectoBac 12 aqueous
suspension. At all doses larval mortality was higher than 95% on
post-treatment day 1, while larval mortality was less than 40% on
post-treatment day 2 and the larval population began to recover 7
days after treatment. Similarly, in this study the larval mortality
was 90%—100% on post treatment from day 1 to day 7 as compared
from day 8 to day 12. Also, Lee et al.[35] reported that wettable
granule formulation of B. thuringiensis israelensis, VectoBac WG
against dengue vectors, Ae. aegypti and Aedes albopictus in the
state of Selangor, Malaysia. Further, the aqueous suspension of
B. thuringiensis israelensis (VectoBac 12 aqueous suspension)
are highly toxic against An. culicifacies and An. stephensi in
laboratory and field conditiong36]. Furthermore, Aldemir et al.[37]
showed the commercial formulation of VectoBac 12 aqueous
suspension and VectoBac G was highly effective against Anopheles
sacharovi, Anopheles maculipennis, Cx. pipiens, and Culex thelleri.
Recently, Djenontin et al.[38] reported that the VectoBac granules
(potency 200 International Toxin Units per milligram), a new
formulation of bacteria larvicide B. thuringiensis israelensis was
highly effective in field trials against Anopheles gambiae and Cx.
quinguefasciatus. In addition, Panneerselvam et al.[39] highlighted
that B. thuringiensis are highly toxic against An. stephensi, LCy,
values ranging from 1.72 g/L (I instar larvae) to 2.42 g/L (pupae).
The renewal of interest in the integrated methods of vector control
during the early 1980s was renewed with the use of environmental
friendly approaches in vector control[40], and naturally occurred
insecticides may play a more prominent role in mosquito control
programsin the futuref41].

In this research, the effectiveness of Natular DT was higher on
Cx. pipiens larvae, if compared to Tap 60 and VectoBac G. Spinosad
outperformed Tap 60 and VectoBac G, which provided brief or
intermediate periods of Culicidae control. Due to the very low
mammalian toxicity[42] and rapid breakdown in the environment[43],
there can be little doubt that spinosyns represent an important
improvement over conventional mosquitocides in terms of safety.
Overall, our results highlighted the effectiveness of spinosyns
against an important West Nile vector, providing baseline data to
develop eco-friendly mosquito control programsin Saudi Arabia
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