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ABSTRACTS
Dengue Hemorrhagic Fever (DHF) is an endemic disease caused by Dengue Virus and transmitted by Ae.
aegypti mosquitoes. The cities of Surabaya and Sidoarjo and Gresik have been the highest density of Ae.
aegypti. The research aimed to show the diversity of indigenous entomopathogenic bacilli from domestics
breeding sites of vector of DHF based on toxicity against Ae. aegypti larvae. The 30 soil samples from
breeding sites of Ae. aegypti were taken from 10 sites in Surabaya and Sidoarjo and Gresik, respectively.
Isolation of bacteria was performed using Bacillus sp. growth media, identified with Gram and spore staining,
and toxicity test was performed on the third instar larval of Ae. aegypti. The result of toxicity test shown that
the indigenous entomopathogenics Bacillus sp. was variative of divercity against Ae. aegypti larvae. The 133
isolates of Bacillus sp. was isolated, 45(33.8%) non toxic and 88(66.2%) toxic against Ae. aegypti larvae. From
88 isolates, 45(51%) isolates low toxic, 27(30.6%) isolates moderate toxic, and 16(18.1%) isolates high toxic
against Ae. aegypti larvae. The 16 isolates of Bacillus sp. was high toxic to the third instar larvae of Ae. aegypti
more than 50% mortality. The three highest potency of these Bacillus sp. were isolate code EG6.4 from
Gresik and isolate codes ES7.3 and ES4.3 from Surabaya. Base on macroscopic, microscopic, and physiological
characterizations the isolate code EG6.4 and ES7.3 were B. thuringiensis with similarity indexs 80.6%, and
78.12% respectively, and isolate code ES4.3 was Bacillus sphaericus with similarity index 71.4%.
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Introduction
Bacteria Bacillus sp. is abundant soil bacteria which
ranging from 106 to 107 cells per gram of soil (Paul,
2007). B. thuringiensis which has insecticidal activity,
was first discovered by Ishiwata in 1901, then Berliner in 1915, and had a major role in plant pest control programs in agriculture (Balaraman and Pillai,
1990). The following period Kellen and colleagues

in 1965 reported that B. sphaericus which had the
first insecticidal activity was isolated from fourth
instar larvae of Culiceta, in California USA
(Balaraman and Pillai, 1990). Since the discovery of
B. thuringiensis var. israelensis serotype H-14 by
Golberg and Margalit (1977) in Israel and has been
shown to have bioinsecticidal activity against mosquito larvae. Lately there have been many attempts
to search for indigenous B. thuringiensis bacteria in
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Asia, including Indonesia.
Dengue Hemorrhagic Fever (DHF) is an infectious disease caused by the Dengue Virus transmitted through the Ae. aegypti vector. The cities of
Surabaya, Sidoarjo, and Gresik are 3 cities in East
Java Indonesia that have become DHF endemic areas. Based on data from the Ministry of Health of
the Republic of Indonesia (2016), in 2015 in Indonesia, there were 129,650 sufferers, 1,071 died and in
2016 there were 202,314 sufferers, 1,593 died. Population control of Ae. aegypti is a very important to
prevent DHF outbreaks. Community actions to prevent DHF outbreaks are carried out through fogging and abatization. But until now the DHF outbreak has not been resolved, so it needs to control
Ae. aegypti with environmentally friendly methods,
namely biological control using mosquito natural
enemies of disease vectors (Thomas, 2018).
Bacillus sp. reported has the potential to kill certain types of insects and is known as
entomopathogenic bacteria. Research by Gama et al.,
(2010), showed that the mortality of mosquito larvae
was 88.89% using indigenous isolates of B.
thuringiensis from Madura with a bacterial density
of 1.51x108 cells/mL. El-Kersh et al., (2016), isolated
from 300 soil samples and characterized the native
strains of B. thuringiensis from Saudi Arabia, a number of 68 isolates have a larvisidal toxicity to mosquito vector of Malaria Anopheles gambiens, and recommended that the isolates of B. thuringiensis
strains 63 has highest larvisidal toxicity and potential to developed as a biological control for mosquito vector disease in the future. Ammouneh et al.
(2011) also isolated and characterized the native
strains of B. thuringiensis derived from soil in Syria
that could be developed as a bioinsecticide against
agricultural pest insects. Researchers are interested
in isolation and characterization of Bacillus sp. as
well as examining the diversity of indigenous
entomopathogenic Bacillus sp. from mosquito
breeding sites based on their toxicity against Ae.
aegypti larvae vector of DHF disease.

Materials and Methods
Sampling
Sediment soil samples were taken from mosquito
breeding sites of Ae. aegypti. Sediment soil was taken
in water reservoirs that have larvae in them. Based
on, Bacillus could be isolated from soil, aquatic envi-
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ronments, herbivorous droppings, soil in the forest,
dead insects and mosquito breeding sites
(Schünemann’s et al., 2014; Chatterjee et al., 2007).
Sediment soil was taken using a rubber pipette and
put into a sterile glass bottle.
Isolation of Bacillus sp.
Isolation of Bacillus sp. conducted at the Microbiology Laboratory of the Department of Biology, Faculty of Science and Technology, Airlangga University based on the method of Ohba and Aizawa
(1986). The media used was Bacillus sp. growth media Nutrien Yeast Salt Media (NYSM) (Suryadi et al.,
2016). The media was poured into a Petri dish and
then homogenized, allowed to condense and incubated at 37 ºC for 48 hours. Growing bacterial colonies were observed morphological characters of the
colonies. Isolates which have characteristics similar
to Bacillus sp. were purified by the quadrant streak
plate method, and incubated for 72 hours at 30º C.
The pure isolates were stored on slant agar at 4º C.
Preparation of Ae. aegypti larvae
The trial larvae were third instar larvae of Ae.
aegypti. The egg of Ae. aegypti was obtained from
Tropical Diseases Center (TDC) Airlangga University Surabaya, hatched in a plastic pan. The eggs
hatched into third instar larvae for 6-8 days. Third
instar larvae is more resistant to mechanical factors
and has a longer time than other instar on the life
cycle of Ae. aegypti.
Bacillus sp. toxicity test
Pure isolate of Bacillus sp. as much as one ose was
taken inoculated in a sterile glass bottle containing
10 mL NYSM and incubated at room temperature
for 24 hours on a rotary shaker. Bacillus sp. suspension absorbance values were measured with a
wavelength spectrophotometer 600 nm (A600). The
preliminary toxicity test was carried out by suspension of Bacillus sp. as much as 5 mL inoculated in a
glass bottle filled with 45 mL of tap water, 10 tailed
test larvae. The control treatment was 45 mL of tap
water, 5 mL of NYSM and 10 larvae. Larval mortality (%) was calculated at 24 and 48 hours exposure.
Toxicity criteria determined with non-toxic, low
toxic, moderate toxic and high toxic by mortalitas
larva 0%, 10-20%, 30-50%, and >50% respectively.
Diversity index calculated with Formula as used by
Chatterjee et al. (2007). An advanced toxicity test
with a high toxic would be carried out with 3 repli-
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cation, further toxicity test with an equal absorbance
value of A600 = 0.8.

mined that all as Gram-positive bacteria, rod bacteria, and spores bacteria.

Morphological characterization

Bacillus sp. toxicity test

Morphological characterization was carried out to
determine the characteristics of the colony and microscopic characteristics. Three isolates of Bacillus
sp. with the high toxic was grown on a Petri dish
containing 15 mL NYSM media by the streak
method, then observed its macroscopic characteristics directly after 48 hours of incubation. Macroscopic characteristics observed included the size of
the bacterial colony, the color of the bacterial colony,
the shape of the colony, the edge of the colony, and
the elevation of the colony. Gram staining and spore
staining used to identify microscopic characterization.

Total of 133 isolates of Bacillus sp., 88 of them were
Bacillus sp. Entomopathogenic bacteria, while 45
other isolates were Bacillus sp. nonentomopathogenic bacteria. The preliminary toxicity test in Table 1.
In the preliminary toxicity test obtained 16 iso-

Physiological Characterization
Physiological characterizations ware done by tests
of indol, motility, oxidase, starch hydrolysis, salinity, and additional tests using Microbact 12A12B.
The additional test was carried out by means of a
225 µL bacterial suspension taken using a micropipette and inserted into each well on Microbact
12A12B. One drop of emersion oil was added to the
well. The seal of the well was closed again if all suspensions had been entered. The results were observed after incubated in a 37 °C for 24 hours.
Data analysis
The data of the isolation and the toxicity test of Bacillus sp. against Ae. aegypti larva were analyzed
with descriptive statistics. Data on morphological
and physiological characteristics of selected isolates
of indigenous entomopathogenic Bacillus sp. then
identified with the Bergey’s Manual of Systematic
Bacteriology. The percentage of the proportional
coefficient was determined based on the positive
and negative similarities of each character to determine the bacterial species of the genus Bacillus
(Stainer et al., 1986).

Table 1. The results of the preliminary toxicity test for
indigenous entomopathogenic Bacillus sp.
against third instar larvae of Ae. aegypti.
Surabaya
city

Sidoarjo
city

Gresik
city

10
13
10
12
45
1.38*

20
13
11
2
46
1.20*

15
19
6
2
42
1.15*

Non toxic
Low toxic
Moderate toxic
High toxic
Total isolates
Diversity index
(* Moderate diversity)

lates high toxic status. Isolates ES6.1, ES9.1, ES9.2,
ES8.2, and ESDA1.5 were the 5 high toxic with 100%
larval mortality, then isolates EG6.4 with 90% larval
mortality. Isolates ES1.2, ES7.1 and EG6.1 with 80%
larval mortality, isolates ES3.4, ES4.5, ES4.2 and
ESDA2.4 with 70% larval mortality, while ES7.3,
ES10.3 and ES4.3 isolates with 60% larval mortality.
Sixteen high toxic isolates were followed by advanced toxicity tests in Figure 1 and Figure 2.

Results and Discussion
Results
The results of the isolation obtained 45 isolates from
Surabaya city, 42 isolates from Gresik city, and 46
isolates from Sidoarjo city. The results of Gram
staining and spores staining of 133 isolates deter-

Fig. 1. Comparison of the results betwen preliminary
toxicity tests with advanced toxicity tests for 16 indigenous entomopathogenic Bacillus sp. against
Ae. aegypti larvae (Optical Density, A600=0.8).
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Fig. 2. The results of advanced toxicity test for 8 indigenous entomopathogenic Bacillus sp. against Ae.
aegypti larvae (Optical Density, A600=0.8 and 3 replication).

Characteristics of Bacillus sp isolate
Three high toxic of the indigenous
entomopathogenic Bacillus sp. from the advanced
toxicity test was EG6.4, ES4.3, and ES7.3 isolate.
Based on the characterizations of colonies, the three
isolate were irregular colonies and milky white
color. EG6.4 isolate are small size, lobulated edges,
and raised elevation, while ES4.3 and ES7.3 are
moderate size, serrated edges and flat elevation.
Based on Gram and spore staining, the three isolates
included Gram-positive length 3-4 µm, oval spore
shape, and subterminal spores for isolates EG6.4
and ES7.3, but terminal spore for ES4.3 isolate. Visualization of morphological characteristics of the
three isolates in Figure 3.
The physiological characterization of EG6.4,
ES4.3, and ES7.3 isolates showed that there were
similarities and differences between the three iso-

Fig. 3. Visualization of the shape and location of
endospores in each bacterial isolate by spore
staining a) EG6.4 isolate b) ES4.3 isolate c) ES7.3
isolate. (Magnification 1000x)
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lates. The three isolates showed positive reactions in
the lysine, ONPG, VP, gelatine, arabinose, arginine,
motility, catalase, and salinity 5% test, but there
were showed negative reactions in the ornithine,
H2S, glucose, indole, urease, citrate, TDA, malonate,
inositol, rhamnose, lactose, adonitol, salicin, oxidase, and salinity 10% test. The three isolates
showed diversity in the mannitol, xylose, sorbitol,
sucrose, raffinose, and arginine tests. EG6.4 isolate
was showed positive reactions in the sorbitol, sucrase, and arginine test, but was showed negative
reactions in the xylose and raffinose test. ES4.3 isolate was showed positive reactions in the xylose and
raffinose test, but was showed negative reactions in
the sorbitol, sucrase, and arginine test. ES7.3 isolate
was showed positive reactions in the mannitol and
sucrose test, but was showed negative reactions in
the xylose, sorbitol, raffinose, and arginine test.
Based on similarities and differences in morphological and physiological characteristics, the results of
the identification of the three isolates in Table 2.
Table 2. The results of the identification of the three indigenous entomopathogenic Bacillus sp. from the
breeding sites of Ae. aegypti mosquitoes.
No.

High Toxic
Isolates

Species Name,
(Similarity Indexs)

1
2
3

EG6.4
ES4.3
ES7.3

B. thuringiensis (80.6%)
B. sphaericus (76.12%)
B. thuringiensis (71.4%)

Discussion
The difference in larval mortality in the preliminary
toxicity test with advanced toxicity test can be
caused by differences in the activation of the toxin
in the intestinal larvae. The reduced affinity of Bttoxin in epithelial receptor cells will reduce the potential of Bacillus in killing larvae (Oppert et al.,
1997). Ibrahim et al. (2010) reported that larval mortalities caused -endotoxins released by B.
thuringiensis during the sporulation phase. The äendotoxin in the form of protoxin is produced during the sporulation and is insecticidal when it enters
the digestive tract of the larvae. The activity of protein crystals produced by B. thuringiensis can damage the larval midgut because the digestive tracts of
mosquito larvae are alkaline and produce minerals
and protease enzymes that can break down
protoxin into toxins. A few minutes after entering
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the larval digestive tract, the toxin will be bound to
special receptors found in the microvilli of intestinal
epithelial cells. After binding, the toxin caused small
pores that disrupt the osmotic balance, so that ions
and water easily enter the cell and cause damage to
the structure and function of the intestine causing
paralysis and larval death. Death of the larvae depend on the concentration of bacteria and varian of
bacteria.
The larvacidal of B. thuringiensis is influenced by
the presence of toxins in the larval breeding sites,
eating behavior and usually takes food of Ae. aegypti
larvae at the bottom and on the walls of water reservoirs (Dylo et al., 2014). The results of the preliminary toxicity test, isolates from Surabaya, Gresik
and Sidoarjo cities showed moderate diversity.
Most of the isolates were nontoxic until moderate
toxic and only 16 isolates with high toxic were obtained. A total of 16 isolates, 12 isolates from
Surabaya city, 2 isolates from Gresik city and 2 isolates from Sidoarjo city. In the advanced toxicity
test, 8 isolates of high toxic were obtained, namely
EG6.4, ES4.3, ES7.3, ES4.5, ES7.1, EG6.1, ES9.1 and
ES10.3 with successive test larval mortality 100%;
96.67%; 96.67%; 80%; 70%; 66.67%; 56.67% and
53.33% in the 48 hour exposure. Further advanced
toxicity test on 16 potential isolates had different
effects on the same bacterial density (A600=0.8). The
difference in toxicity of each isolate due to Bacillus
sp. isolated from sediment soil has a diversity of
pathogenic properties. Besides, the potential for toxicity from protein crystal of certain B. thuringiensis is
influenced by solubility, an affinity for receptors
and the breakdown of protoxin into toxins
(Swadener, 1994). The B. thuringiensis effectiveness
is also influenced by mosquito larvae instar, food,
exposure period, water quality, bacterial strains,
water temperature, presence of toxins in the substrate and larval feeding behavior (Dambach et al.,
2014).
The Surabaya city has the most number of Bacillus sp. isolates with high toxic compared to Sidoarjo
and Gresik cities. The discovery of
entomopathogenic bacteria at a certain time is influenced by many factors including rain and erosion,
epizootic and enzootic, so it is possible at one time
to find entomopathogenic bacteria in a certain place
but at other times cannot be found again and vice
versa (Salaki et al., 2010).
The results of the identification showed that 2
isolates, namely EG6.4 and ES7.3 isolates have simi-
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larities with B. thuringiensis at 80.6% and 78.1%, respectively, while ES4.3 isolate have similarities with
B. sphaericus at 71.4 %. Various studies have been
carried out to explore the B. sphaericus bacteria
which have the killing power of larvae of Culex,
Anopheles, and Aedes mosquitoes which become vectors of several types due to protozoan and viral
parasites, such as DHF disease through Aedes vectors (Thanabalu et al., 1991). According to Suryadi et
al., (2016) who explores B. sphaericus from a coastal
environment on the Lombok Island, B. sphaericus
have larvicidal activity and are safe for non-target
organisms. B. sphaericus isolate from the Lombok
Island caused 72.5% to 100% larval mortality
against Anopheles aconitus. B. thuringiensis is effective
and toxic to Ae. aegypti mosquitoes and also safe for
human and non-target organisms (Faraline, 2013).
Gama et al., (2010), reported that indigenous B.
thuringiensis from Madura East Java caused mortality of mosquito larvae at 88.89%, whereas in
Faraline research (2013) indigenous B. thuringiensis
from Madiun East Java caused 100% larval mortality of Ae. aegypti larvae.

Conclusion
Based on the toxicity test against Ae. aegypti larvae,
indigenous entomopathogenic Bacillus sp. have
moderate diversity on breeding sites of Ae. aegypti
DHF vector in Surabaya, Gresik, and Sidoarjo cities.
Most of the isolates were non-toxic until moderate
toxic status, only 16 isolates were high toxic in the
preliminary toxicity test. In the advanced toxicity
test, obtained 8 isolates with high toxic. The highest
toxicity level of the indigenous entomopathogenic
Bacillus sp. was EG6.4 isolate with 100% larval mortality, followed by ES7.3 and ES4.3 isolates with
96.7% larval mortality. Based on the morphological
and physiological characteristics, EG6.4 and ES7.3
isolates had similarities with B. thuringiensis 80.6%
and 78.12%, respectively, while ES4.3 isolate had a
similarity of 71.4% with Bacillus sphaericus. Researcher recomended that three isolates have been
developing the biolarvicidal agents for biological
control of vectors, especially DHF disease vector.
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