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Abstract

Mosquitoes are very tiny insects but the impact they brought to humans and society is very huge. An application technique for
the control of mosquito larvae under tropical conditions was conducted in Cebu City, Philippines. The study used a bacterium,
Bacillus thuringiensis israelensis embedded in silica granules under laboratory conditions. Five concentrations were prepared
in range finding and 4 concentrations in definitive range finding tests. Each of the concentration was tested with 25 3" and
early 4" instar larvae of Aedes aegypti. Results obtained from the test have very effective residual effects against the larvae of
mosquitoes. The efficacy varies according to the concentrations applied to the mosquito larvae. The high mortality rate of
mosquito larvae is associated numerically with higher concentration of the larvicide (1.6 grams) and the low mortality rate of
mosquito larvae is associated numerically with lower concentration (0.4 grams) after one (1) hour application of the larvicide.
This means that even, with lower level of product concentration of the larvicide, the mortality rates among mosquito larvae are
still high with the lowest rate of 93% after 1 hour of exposure to the biological mosquito larvicide. Further, there is a
significant increase in the number of dead mosquito larvae after 2 hours of treatment. It implies that the toxicity level of the
larvicide is still there even after 2 hours of treatment. However, 1.2 g concentration is proven to be effective and achieved
100% mortality after 2 hours of application to the mosquito larvae.
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Introduction

Mosquitoes are very tiny insects but the impact they brought
to humans and society is very huge. They are carriers of
diseases like dengue and malaria that can Kill humans.
Dengue is the world's most important mosquito-borne virus
disease, with 2500 million people worldwide at risk of
infection and 20 million cases a year in more than 100
countries M, It is transmitted by the bite of a female Aedes
mosquito. In the Philippines, dengue is a high- profile and
ongoing public health concern together with the newly
emerged zika virus. The Philippines experienced the seventh
highest number of dengue cases in the world between 2004
and 2010 [, There are 179,540 cases that were infected on
the virus from January to November 2018 with 907 deaths
Bl In Central Visayas, there are 15,171 dengue cases with
the highest infection cases of 2,660 resulting to 14 deaths in
Cebu City from January 2018- November 2018 . Although
there is already dengue vaccine available in the market
however, it poses controversial issues in the society. Due to
this, one way of reducing the risk of being infected by
mosquito borne diseases is to control the mosquito while
they are still in the water or during larval stages. Controlling
mosquito larvae in the water is either by the application of
Chemical (ex. temephos) or biological way (bacterium).
Unfortunately, the widespread use of chemical insecticides
has contributed to increasing resistance to these agents
among Aedes aegypti, especially in the Americas and the
Caribbean 1. Further, one of the disadvantages of chemical
application is that there are also other organisms that are
affected upon the application. Published international
scientific studies found out that temephos is toxic to some
bird species and other organisms. Due to this, it cannot be
considered as environmentally friendly. A very promising

and really environmentally friendly tool to fight against
dengue, which is used internationally and highly
recommended by World Health Organization (WHO), is the
bacterium Bacillus thuringiensis israelensis (B.t.i.). This
bacterium is proven to be only toxic to the target enemies,
namely: larvae of mosquitoes, black flies and midges
(responsible for human diseases) based on international
scientific researches and publications. The study evaluates
the effectiveness of biological mosquito larvicide Bacillus
thuringiensis israelensis in liquid formulation as formulated
by the author and registered by Cebu Normal University as
utility model by the Bureau of Patents, Philippines.
Specifically it aims to determine: the mortality rate of
mosquito larvae by the application of four concentrations of
the larvicide in liquid formulation and; the efficacy of the
larvicide after 24 hour of treatment to the mosquito larvae.

Materials and Methods

Mosquito Larvae Collection

Mosquito larvae were collected from clean & stagnant
mosquito breeding sites using a water dipper. The collected
larvae were kept in half closed jar bottles & transported to
the Biology Laboratory, Cebu Normal University. In the
laboratory, the mosquito larvae samples were poured into
the plastic basin. The larvae in the basin were sorted
according to the ages and only the 3 & early 4th instar
larvae of Aedes mosquito were used for the experiment.

Range Finding Test of Utility Model Patent (Assessment
of the potency and the minimum effective dosage in the
laboratory)

The prototype of the product was provided by the researcher
which is the maker of the utility model. The utility model on
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the process of producing mosquito larvae control
comprising the steps of:

1. mixing 1 to 100g of Bacillus thuringiensis israelensis
with 1 liter of tap water in a mixing vessel;

2. putting 5 kilograms silicate granules in a container;

3. pouring the mixture of Bacillus thuringiensis
israelensis and tap water in the container containing the
silicate granules; and

4, Stirring thoroughly until the mixture will be absorbed
by the silicate granules.

Samples of mosquito larvae were collected in Cebu City.
Twenty five mosquito larvae samples were used per
concentration and per concentration had triplicates. There
were 5 concentrations of the product that were tested under
laboratory conditions on the mosquito larvae, namely: 2 g, 4
g, 69, 8 gand 10 g. Twenty five 3" & early 4" instar larvae
of Aedes aegypti (Linn.) in 2 ml of water were added to
plastic disposable cups filled with 148 ml of distilled water.
Mortality readings of larvae were taken in five readings
after the application of the larvicide (after 1 hr, 2, 4, 8, & 24
hrs). If the desired mortality rate (100%) was not attained,
another batch of mosquito larvae was released to higher
concentration until a 100% mortality rate of the larvae was
achieved.

Definitive Test of Utility Model Patent

Four different concentrations based on the results from
range finding test were tested namely: 0.4g, 0.8g, 1.29, &
1.6g in triplicates. The same procedure in the range finding
test was applied for the application of the different
concentrations.

Data Analysis

Data collected on mortality rate difference of mosquito
larvae among the four concentrations were calculated using
ANOVA.

Results and Discussion

Range Finding Test of Utility Model Patent (Assessment of
the potency and the minimum effective dosage in the
laboratory)

Results showed that after 1 Hr of the application of the
product, average mortality rate of 100% was attained in
2,4,6,8, & 10 grams concentrations. Based on the results, 2
g concentration was selected for definitive test considering
that after 2 hrs. of the product application, the lowest
concentration (2g) was able to attain a 100% mortality rate
of mosquito larvae. Figure 1 showed the results of the
Range Finding Test.

Silica Range Finding Test (Readings of Dead
Larvae)

%
%
%6
% ™ Average Mortality Rate after 1
hr.
%
%
0% - - -

2grams 4 grams 6grams B grams 10 grams Control

Fig 1: Percentage Mortality Rate of Mosquito Larvae in Silica
Range Finding Test.
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Definitive Test of Utility Model Patent

The product showed a very promising result as shown in
Figure 2. After 1 hr of product application, 93%, 96%, 97%,
& 99% mortality rates of mosquito larvae in 0.4g, 0.8g,
1.29, & 1.6g concentrations were attained, respectively.
Further after 2 hrs. of product application, mortality rate of
99% in 0.4 & 0.8 g concentrations and 100% mortality rate
was attained in 1.2 & 1.6 g concentrations.

Mortality Rate of Silica Definitive Test

102%

100%
98% -
% ™ Average Mortality Rate after 1 hr
% 1 ' ™ Average Mortality Rate after 2
' hrs.
% | T
% 1
o ! ! - -

0.4 grams 0.8 grams 1.2 grams 1.6 grams

Fig 2: Percentage Mortality Rate of Mosquito Larvae in Silica
Definitive Test.

The descriptive statistics associated with the mortality rate
of mosquito larvae after the application of four different
concentrations of biological mosquito larvicide embedded in
silica granules are reported in Table 1 below. It can be seen
that higher mortality rate of mosquito larvae (M = 24.7, SD
= 0.58) was associated numerically with higher larvicide
concentration embedded in silica granules (1.6 grams) and
the low mortality rate of mosquito larvae (M= 23.3, SD=
0.58) was associated numerically with lower concentration
(0.4 grams) after one (1) hour application of the larvicide.

Table 1: Descriptive Statistics of Mortality Rates of Mosquito
Larvae across Four Different Concentrations of Biological
Mosquito Larvicide in Silica Granules

H 9
ConcentrationN| M |sD Mean Mortallf[y _Percentage Levene’s
Statistic P - value

0.4 grams  [25723.30.58 93.2%

0.8 grams  [2524.011.000 96.0%  F(3,8) =0.333 .802

1.2 grams [2524.30.58 97.2%

1.6 grams |25(24.7(0.58 98.8 %

Prior to conducting the ANOVA analysis, the assumption of
normality was evaluated and determined to be satisfied as
the group’s distributions were associated with skewness and
kurtosis less than | | and | | ®1; Table 1). Moreover, the
assumption of homogeneity of variances was tested and
satisfied based on Levene’s F-test, F (3, 8) = 0.333, p =.802.
In order to test the hypothesis that the level of concentration
of biological mosquito larvicide in silica granules had an
effect on mortality rate of mosquito larvae, one-way
between-Subjects ANOVA was performed as displayed in
Table 2. The independent between-groups ANOVA vyield a
statistically non-significant effect, F (3, 8) = 1.944, p =. 201,
Thus, the null hypothesis of no differences in the mean
mortality rates of mosquito larvae when exposed to different
larvicide concentrations embedded in silica granules was not
rejected. This means that even with lower level of larvicide
concentration, the mortality rates among mosquito larvae
are still high with the lowest rate of 93.2% after 1 hour of
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exposure to the biological mosquito larvicide. However, a
moderate 42.2% variance in the mortality rates of mosquito
larvae was accounted for by the larvicide concentration as
indicated by its effect size.

Table 2: ANOVA Summary Table of Different Levels of
Larvicide Concentration in Silica Granules towards the Mortality
Rates of Mosquito Larvae after 1 Hour.

Variation Squares |DF| Mean Square F — value P - value
Between
Groups 2.917 3 0.972
Within 4000 |8 1.944.201 0.500
Total 6.917 |11

Furthermore, another one-way between-subjects ANOVA
was performed after 2 hours of larvicide application to the
mosquito larvae as displayed in Table 3. The independent
between-groups ANOVA vyield a statistically non-significant
effect, F (3, 8) = 0.667, p = .596, thus, the null hypothesis of
no differences in the mean mortality rates of mosquito
larvae after 2 hours exposure to different larvicide
concentrations in silica granules was not rejected. This
means that even, with lower level of larvicide concentration,
the mortality rates among mosquito larvae are still high with
the lowest rate of 98.7% to the highest rate of 100% after 2
hours of exposure to the biological mosquito larvicide.
However, a noticeable 20.0% variance in the mortality rates
of mosquito larvae was accounted for by the larvicide
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concentration as indicated by its effect size.

Table 3: ANOVA Summary Table of Different Levels of
Larvicide Concentration in Silica Granules towards the Mortality
Rates of Mosquito Larvae after 2 Hours

Sources of Variation Sum of DE Mean Square F - value P -
Squares value
Between Groups  0.333 3 0.111
Within  1.333 8 0.667. 596 0.167
Total 1.667 11

In order to test the hypothesis that the mortality rates of
mosquito larvae is different in different time intervals after
larvicide treatment in silica granules, a paired t-test was
conducted as displayed in Table 4 below.

An alpha level of 0.05 was still utilized in this analysis.
Descriptive statistics show that there were no violations of
normality and homogeneity of variances in the data
gathered. A statistically significant difference was evident in
the mortality rates of mosquito larvae between 1 hour (M =
96.3%, SD = 3.2%) and 2 hours after (M = 99.3%, SD =
1.6%) larvicide treatment, t (11) = 3.00, p =. 012. This
simply means that there is a significant increase in the
number of dead mosquito larvae after 2 hours of treatment.
It implies that the toxicity level of the larvicide in silica
granules is still there even after 2 hours of treatment. A
large Cohen’s effect size was noted in this study, d = 0.866.

Table 4: Differences in the Mortality Rates of Mosquito Larvae between 1 hour and 2 hours after Treatment of larvicide in Silica Granules.

No. of hours After Treatment |N| M SD Mean Percentage Difference |t - value | P - value
After 12196.3% | 3.2% 3.0% 3.00 .012
1 hour 12[99.3% | 1.6%

After 2 hours

The results obtained from the test have very high efficacy
against the larvae of mosquitoes. The efficacy depends on
the concentrations applied to the mosquito larvae. As shown
in the results, high mortality rate of mosquito larvae is
associated numerically with higher concentration of the
larvicide (1.6 grams) and the low mortality rate of mosquito
larvae is associated numerically with lower concentration
(0.4 grams) after one (1) hour application of the larvicide.
This means that even, with lower concentration of the
larvicide, the mortality rates among mosquito larvae are still
high with the lowest rate of 93% after 1 hour of exposure to
the biological mosquito larvicide. Further, there is a
significant increase in the number of dead mosquito larvae
after 2 hours of treatment. It implies that the toxicity level of
the larvicide is still there even after 2 hours of treatment.
However, 1.2 g concentration is proven to be effective and
achieved the same results compared with higher
concentrations after 2 hours of application to the mosquito
larvae. The larvicidal efficacy is due to the parasporal
crystal of B. t. i. that composed of four major proteins
namely: 27, 65, 128 and 135 kDa [l. The high efficacy that
Bti showed in laboratory and field trials during the early
1980s led rapidly to its development as a commercial
bacterial larvicide for control of mosquito and blackfly
larvae (&9,

Laboratory studies suggest that B.t.i. did not show any
resistance to mosquito larvae due primarily to the presence
of Cytl1A in the parasporal body [ 1, Cyt1A's capacity to
synergize endotoxin proteins, including the B. sphaericus
Bin toxin against resistant and non-sensitive mosquitoes [*2,

Conclusion

The product used in the study that is registered by Cebu
Normal University as utility model by the Bureau of Patents
is a very promising tool to combat the problem of Aedes
mosquitoes which are the carrier of dengue and other
viruses.

Acknowledgements

The author wishes to thank Mrs. Estrellita Capulan, biology
laboratory custodian for the assistance in the collection of
mosquito larvae samples. This research work was partially
funded by Cebu Normal University.

References

1. World Health Organization. 2017. www.who.int/news-
room/fact-sheets/detail/dengue-and- severe-dengue

2. World Health Organization. 2015. Vector Borne
Diseases.

3. Department of Health

4. (DOH-7), Regional Epidemiology Surveillance Unit
(RESU). 2018.

5. Department of Health (DOH-7), Regional
Epidemiology Surveillance Unit (RESU), 2019.

6. Polson KA, Brogdon WG, Rawlins SC, Chadee DD.
Characterization of insecticide resistance in Trinidadian
strains of Aedes aegypti mosquitoes. Acta Trop, 2010.
doi:10.1016/j.actatropica.2010.09.005. Google Scholar.

7. Schmider E, Ziegler M, Danay E, Beyer L, Bihner M.
Is it really robust? Reinvestigating the robustness of
ANOVA against violations of the normal distribution

39



International Journal of Entomology Research

10.

11.

12.

13.

assumption. Methodology,2010:6:147-151. [Google
Scholar]

Crickmore N, Zeigler DJ, Feitelson J, Schnepf E,
Lambert B, Lerectus D et al. Revision of the
Nomenclature for the Bacillus thuringiensis Pesticidal
cry Genes. Program and Abstracts of the 28" Annual
Meeting of the Society for Invertebrate Pathology,
1995.

Mulla MS. Activity, field efficacy, and use of Bacillus
thuringiensis israelensis against mosquitoes. In
Bacterial Control of Mosquitoes and Black Flies (ed. H.
de Barjac and D. J. Sutherland), 1990, 134-160. New
Brunswick: Rutgers University Press. Google Scholar.
Becker N, Margalit J. Use of Bacillus thuringiensis
israelensis against mosquitoes and blackflies. In
Bacillus thuringiensis, An Environmental Biopesticide:
Theory and Practice (ed. P. F. Entwistle, J. S. Cory, M.
J. Bailey and B. J. Higgs), 1993 147-170. New York:
John Wiley & Sons. Google Scholar.

Georghiou GP, Wirth MC. Influence of exposure to
single versus multiple toxins of Bacillus thuringiensis
subsp. israelensis on development of resistance in the
mosquito Culex quinquefasciatus (Diptera: Culicidae).
Appl. Environ. Microbiol,1997:63:1095-1101. Google
Scholar.

Wirth MC, Georghiou GP, Federici BA. CytA enables
CrylV endotoxins of Bacillus thuringiensis to overcome
high levels of CrylV resistance in the mosquito Culex
quinquefasciatus. Proc. Natl. Acad. Sci. USA 94,10536
-10540. Google Scholar, 1997.

Wirth MC, Walton WE, Federici BA. CytlA from
Bacillus thuringiensis restores toxicity of Bacillus
sphaericus against Culex quinquefasciatus (Diptera:
Culicidae). J. Med. Entomol, 2000a:37:401-07. Google
Scholar.

www.entomologyjournals.com

40



