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ABSTRACT

The excessive use of persistent, nonspecific, synthetic insecticides has resulted
in the development of resistance in insect vectors. Alternative methods for
controlling vectors have thus been sought to reduce reliance on synthetic
insecticides and minimize their impact on the environment and human health.
Here, we report the evaluation of Bacillus subtilis and B. amyloliquefaciens as
alternative biolarvicides for the control of Aedes aegypti, the primary vector of the
dengue virus. Using World Health Organization protocols on laboratory testing of
larvicides, treatments with both bacterial isolates showed significant larval
mortalities as compared to negative controls. Increasing mortality was likewise
observed, which may be attributed to increased production of larvicidal compounds
during bacterial growth. Blood agar plate and drop collapse assays confirmed that
the two isolates could produce biosurfactants which may be attributed to the
observed larvicidal activity. These results feature the potential of these bacterial
species as alternative control agents against vector mosquitoes.
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INTRODUCTION

Dengue is a mosquito-borne viral
infection that can be transmitted to humans
primarily by Aedes aegypti mosquitoes that
are widely distributed across tropical and
subtropical regions (Simmons et al., 2012). It
is the most prevalent viral infection that is
transmitted by this mosquito species,
possibly risking more than 3.9 billion people
throughout 129 countries with 96 million

people having symptomatic cases and an
average of 40,000 annual deaths (World
Health Organization [WHO], 2020). The
dengue virus has a long history in the
Philippines, where the first dengue epidemic
in Southeast Asia was recorded in Manila in
1954 (Ong et al., 2022). To this day, dengue
plagues the country as the most well-known
tropical disease and has since remained
endemic. As reported by WHO, the
Philippines had a total of 101,778 cases and
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382 deaths from January 1 to August 12,
2023. The number of reported cases is 25%
lower compared to that reported in the same
period in 2022 but remains significant.

The Philippine Department of Health
(DOH) strives in its current efforts to
mitigate the disease with the national
dengue prevention and control program. The
main components of the program focus on
the surveillance and response to viral
infection (DOH, 2012). However, despite the
continued efforts of healthcare workers and
experts, the spread of dengue remains
rampant in the country. DOH's prevention
and control program struggled to meet its
goal of mitigating dengue cases in the
country. Significant barriers to the
program's success include the lack of
empowerment among its stakeholders and
the great challenge of eradicating breeding
sites (Ong et al., 2022).

Approach in mosquito control has
been almost completely based on the use of
synthetic insecticides with persistent
residual effects (Mittal & Subbarao, 2003).
However, while insecticides have been
effective solutions to control the spread of
mosquito-borne diseases, their excessive use
over the last five decades has caused many
insect vector species to develop resistance
(Rivero et al., 2010). In addition, they also
have harmful effects on nontarget insects,
the environment, and human health,
especially when exposed for long periods of
time. Alternative methods for controlling
vectors have thus been sought to reduce
reliance on synthetic insecticides and
minimize their impact on the environment
and human health. One of the promising
candidates to substitute synthetic larvicides
are bacterial toxins which offer targeted
action against the insect pest without
harming beneficial organisms thereby
reducing the risk of unintended effects on the
ecosystem. This makes it a more sustainable
vector control practice with reduced
environmental impact on agriculture.

For the last 30 years, several species
of Bacillus particularly B. sphaericus and B.
thuringiensis serovar israelensis have been

successfully used for controlling insect
vectors (Lacey, 2007). In the Philippines, a
local strain of B.
thuringiensis subsp. morrisoni (designated
as isolated PG-14) was found highly and
selectively toxic against Ae. aegypti and
Culex molestus (Padua et al., 1984). However,
development of resistance to individual
bacterial toxins derived from these species
has been reported especially in B. sphaericus
which produces only a single site action toxin
(Wirth, 2013). Development of other
bacterial larvicides with varying and
multiple modes of action 1is therefore
necessary. Screening other local bacterial
isolates 1s also important as they could serve
as potential biolarvicides to replace exotic
bacterial isolates that could have unintended
effects on the environment where they are
introduced. Here, we evaluated local isolates
of B. subtilis and B. amyloliquefaciens for
their larvicidal activity against the third-
instar larvae of Ae. aegypti to determine
whether they can be used as biolarvicides
against these vector mosquitos. We also
screened the local isolates for their capability
to produce biosurfactants since certain
strains of these species were known to
produce lipopeptide biosurfactants that have
been recently exploited as larvicides,
pupacides, and adulticides against mosquito
vectors (Geetha et al., 2011, 2012, 2014;
Geetha & Manonmani, 2008, 2010).

MATERIALS AND METHODS

Bacterial Cultures

Pure cultures of Bacillus
amyloliquefaciens  (Accession number:
1130) and B. subtilis (Accession number:
1679) were obtained from the Philippine
National Collection of Microorganisms
(PNCM), National Institute of Molecular
Biology and Biotechnology, University of
the Philippines Los Banos, Laguna,
Philippines. Stock cultures were prepared
by inoculation into nutrient agar (NA)
slants and stored at 4°C before use. Gram
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staining was also performed to ensure the
purity of cultures prior to larvicidal testing.

Mosquito Larvae

Aedes aegypti larvae were obtained
from the insect rearing facility of the
Institute of Biological Control, De La Salle
University, Binan, Laguna, Philippines.
Commercially available fish flakes were
used as feeding substrate to support larval
development.

Larvicidal Activity Evaluation

WHO (2005) guidelines on laboratory
testing of mosquito larvicides, as modified
by Katak et al. (2021) and Soares-da-Silva et
al. (2017), were used for the evaluation of
larvicidal activity. Pure cultures of B.
amyloliquefaciens and B. subtilis were
inoculated into a 125-mL sterile nutrient
broth placed in 250-mL Erlenmeyer flasks.
Inoculated broth cultures were incubated
for 48 hr at 30°C with shaking at 150 rpm.
After incubation, the optical density (ODsoo)
of the broth cultures was adjusted to 0.8 as
determined using a NanoDrop One UV-VIS
spectrophotometer (ThermoFisher
Scientific, Massachusetts, USA). This
corresponds to the absorbance of a
McFarland standard no. 8 (prepared by
mixing 0.8 mL of 1% BaClz and 9.2 mL of
1% H2S04) which is about 0.8 when
measured using the same
spectrophotometer. The dilution allows the
standardization of the number of bacterial
cells present in the initial inoculum (i.e.,
approximately 2.4 x 109 bacterial cells per
milliliter).

For each 1isolate, five cups were
prepared with each cup containing 45-mL
distilled water, 5-mL bacterial culture, and
10 third-instar Ae. aegypti larvae. Dead
and/or moribund larvae were counted 24, 48,
and 72 hr after exposure. No mortality was
observed at any time in negative controls
without bacteria (i.e., distilled water and
uninoculated broth). Permethrin (Pervade

10EC®) at recommended rate was used as
positive control. The experiment was
repeated three times at different days.

Biosurfactant Screening Methods

The bacterial cultures were screened
for biosurfactant production using two
different assays. First, cultures were
screened for their ability to produce
biosurfactants that can lyse red blood cells
using the blood agar lysis method. This is
confirmed using the drop collapse assay
which can detect moderate to high
production of biosurfactants. Broth
cultures were prepared as previously
mentioned.

Blood Agar Lysis Assay

Blood agar plates were prepared by
mixing defibrinated sheep blood (5% v/v)
with nutrient agar. Bacterial cultures were
then streaked on the surface of the plates.
Inoculated plates were incubated at 37°C.
After 24 hr, the plates were inspected for
the presence of clear zones which indicate
lysis of blood cells.

Drop Collapse Assay

The method used was adapted from
Bodour and Miller-Maier (1998). Two
microliters of light mineral oil were placed
on the surface of a 96-well plate lid. After
equilibration for 1 hr, 5 pL of the broth
culture was pipetted onto the surface of the
oil. The shape of the drop is inspected using
a dissecting microscope after 1 min.
Biosurfactant production is indicated by
the spreading of the drop. A negative
control using uninoculated broth was also
included as reference.
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RESULTS AND DISCUSSION

We present here the evaluation of
Bacillus amyloliquefaciens and B. subtilis
isolates as biolarvicides against the larvae
of the mosquito vector Ae. aegypti. Isolates
were obtained from a culture collection.
Gram reaction of the bacterial isolates was
determined through Gram staining and
used to check the purity of the isolates.
Gram staining (Figure 1) revealed the
presence of Gram-positive rods which are
characteristic of Bacillus species and that
the cultures were pure.

Figure 1. Gram staining of (a) Bacillus
amyloliquefaciens and (b) B. subtilis
isolates showed Gram-positive rods.

Using live broth cultures, the
cumulative larval mortalities after 24-72
hr were observed and presented in Table 1.
Larval mortalities were significant among
different treatments and across different
time points (two-way repeated measures

analysis of variance [RM ANOVA]:
treatment effect, F(4, 10) = 3812,
p <0.0001; time effect, F(1.779,
17.79) = 340.4, p < 0.0001; interaction, F(8,
20) = 128.2, p < 0.0001). Further, post hoc
comparisons using Tukey's test indicated
that larval mortalities due to both Bacillus
spp. were significantly different to those
observed in the negative controls
(uninoculated broth and water only) but
still significantly lower compared to the
synthetic pyrethroid insecticide permethrin.

Increasing larval mortality was also
observed for both Bacillus spp., which may
be attributed to an increase in bacterial
population through time. Since the
inoculum is a broth culture, this could still
contain nutrients enough to support the
growth and multiplication of the bacterial
cells. The observed larvicidal activities
were comparable to the activities of some
Bacillus strains isolated from soil and
water samples in Amazonian
microenvironments (Katak et al., 2021).
They reported 20 Bacillus strains with
larvicidal activities against Ae. aegypti in
which one strain of B. subtilis was able to
kill 27% and 57% of the larvae after 24 hr
and 48 hr, respectively, at an initial
concentration of about 2.4 x 109 cells per
milliliter.

The increase in mortality may also
be due to an increase in larvicidal
compound production during bacterial
growth. Since certain strains of B.
amyloliquefaciens (Geetha et al., 2011,
2014) and B. subtilis (Geetha et al., 2012;
Geetha & Manonmani, 2008) have been
reported to produce larvicidal
biosurfactants against Ae. aegypti, we
performed two assays to confirm whether
the cultures produce biosurfactants: a
preliminary screening assay using blood
agar lysis and a confirmatory oil drop
collapse assay. The results of the two tests
are presented in Figure 2. Both B.
amyloliquefaciens and B. subtilis showed
zones of lysis when streaked on blood agar
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Table 1. Larvicidal Activity of Local Isolates of Bacillus amyloliquefaciens and B. subtilis
Against Third-Instar Aedes aegypti Expressed as Cumulative Mortality After 24, 48, and 72

hr.
Treatment Cumulative Larval Mortality* (%, Average + SD)

24 hr 48 hr 72 hr

Bacillus amyloliquefaciens 22 + 4b 40 + 2¢ 61 + 4b
Bacillus subtilis 19+ 3b 56 + 2P 72 + 2Pb
Permethrin 100 £ 02 100 + 02 100 £ 02

Uninoculated broth 0+ 0 0+0d 0=+0c

Distilled water 0+ O 0+0d 0+ 0

*Means followed by the same letter within a column are not significantly different after
Tukey's test (p > .05); average of mortality from three biological replicates.

plates. This method is based on the ability
of surfactants to lyse erythrocytes or red
blood cells. The biosurfactant surfactin,
produced by B. subtilis, was the first to be
described to have hemolytic activity
(Bernheimer & Avigad, 1970). Since then,
the assay has been used to screen other
bacterial  species for  biosurfactant
production. However, the assay was
reported to produce both false positive and
false negative results, so it can only be used
as a preliminary test, and other screening
methods must be performed to confirm
biosurfactant production (Youssef et al.,
2004). The second screening method is the
drop collapse assay, which can be used to
screen bacteria that produce medium to
high concentrations of biosurfactants
(above 60 mg/L; Youssef et al., 2004). The
method 1s based on the ability of
surfactants to lower the surface tension of
water resulting in the “collapse” of water
droplets when placed on an oiled surface.
Results showed the collapse of drops of
cultures of B. amyloliquefaciens and B.
subtilis indicating the formation of
biosurfactants.

Reports in the literature indicate that
certain strains of B. amyloliquefaciens and B.
subtilis produce mosquitocidal toxins that
are antagonistic to mosquito vectors. In 2010,
this toxin was identified as surfactin, a novel
lipopeptide biosurfactant produced by B.

subtilis ssp. subtilis (VCRC B471; Geetha &
Manonmani, 2010). This biosurfactant was
found effective against the pupae of
Anopheles stephensi, stable to varied
environmental conditions, and
biodegradable. Another strain of B. subtilis
was found lethal against Ae. aegypti larvae,
and the extracted metabolites significantly
reduced the activities of important enzymes
(Revathi et al., 2013). In 2011, the first B.
amyloliquefaciens 1isolate that exhibited
mosquitocidal activity was reported and the
active metabolite was identified as a
biosurfactant (Geetha et al., 2011). The mode
of action of biosurfactants 1is generally
believed to involve interactions with the
hydrophobic layers in the respiratory organs.
Aedes aegypti larvae have specialized
respiratory siphons with hydrophobic
substances which prevent the entry of water
(Christophers, 1960). Biosurfactants can
dissolve these substances, which results in
the entry of water instead of air and prevents
the larvae from staying afloat and receiving
oxygen.

The potential of these biosurfactants
has been noted since in addition to their
stability, they also pose minimal threat to
nontarget organisms. For instance, crude
lipopeptide extracts from Bacillus spp. that
were effective in eradicating Ae. aegypiti had
low toxicity to nontargets like
Caenorhabditis elegans, Galleria mellonella,
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Figure 2. Biosurfactant screening assays reveal production of biosurfactants by local isolates
of Bacillus amyloliquefaciens and B. subtilis: (A) both isolates show zones of lysis on blood
agar plates and (B) drop collapse assay display spreading of the droplet (in comparison to the
control using uninoculated broth) indicating presence of biosurfactants.

Scenedesmus obliquus, and Tetrahymena
pyriformis (Falqueto et al., 2021). The
results of the screening assays support that
the two Bacillus species can produce
biosurfactants which may account for the
observed larvicidal activity; however, since
live Dbacterial cultures were wused, the
observed larvicidal activities cannot be
attributed only to biosurfactant production.
In addition, larvicidal activity of the pure
biosurfactants must be validated.

CONCLUSION

Through larvicidal bioassays, local
isolates of Bacillus amyloliquefaciens and B.
subtilis have been found effective against
third-instar larvae of Aedes aegypti, the
primary vector for the dengue virus. The
bacterial isolates showed a slower killing
time compared to the synthetic insecticide

permethrin  which instantly caused
mortality to all larvae. An increasing
mortality was also observed indicating a
possible increase in the production of
larvicidal compounds with the increase in
bacterial population. Screening assays
confirmed the ability of the two isolates to
produce biosurfactants which may be
attributed to the observed larvicidal
activity. The results show the potential of
these isolates as alternative biolarvicides to
synthetic insecticides and exotic bacterial
isolates and as potential sources of
larvicidal compounds against vector
mosquitoes. Further research is underway
to confirm the exact nature and identity of
the larvicidal compound/s produced by
these bacterial isolates. Field efficacy tests
are also necessary to determine their
effectiveness and assess their suitability as
components of an integrated vector
management program.
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