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Abstract: Dengue is an acute mosquito-borne viral infection with global health concern and is transmitted by several species
of mosquito within the genus Aedes, including Aedes aegypti. Aedes aegypti is the primary vector of Dengue fever. It imposes
a significant socioeconomic and disease burden on many tropical and subtropical regions of the world. The growing insecticide
resistance in the primary mosquito vector, Aedes aegypti, limits the effectiveness of vector control, therefore exploration of
alternative tools are urgently needed. Among the alternative approaches the use of biopesticides comprising entomopathogenic
fungi, Beauveria bassiana and Metarhizium anisopliae able to reduce the mosquito vector longevity which will help in decreasing
the disease transmission. Two isolates of entomopathogenic fungi B. bassiana and M. anisopliae isolated from soil samples has
demonstrated its efficacy against mosquito species Aedes aegypti in the laboratory condition. The virulence of B. bassiana and
M. anisopliae was tested against 2nd instar larvae of Aedes aegypti using five concentrations 10°, 10°, 10°, 10" and 10° conidia/
ml respectively. The larval mortality was observed for a period of 10 days. Results showed that the larval mortality of mosquito
larvae treated with B. bassiana in different fungal concentrations varied from 12-60% mortality. However, mortality treated
with different conidial concentrations of M. anisopliae showed better results and recorded mortality rate in the range of 17-100
%. It was also observed that the larval mortality rate increases with increasing concentration of conidia in both the
entomopathogenic fungal isolates. The exposure of 10° conidia/ml and 10° conidia/ml concentration the M. anisopliae showed
highest (100%) larval mortality within 6 to 8 days respectively, where as in case of B. bassiana isolate a maximum of 60%
mortality was observed with conidial concentration 10° conidia/ml after 8 days of treatment in laboratory condition. The
present findings indicate that both entomopathogenic fungi Beauveria bassiana and Metarhizium anisopliae has the potential
to be used as biocontrol agent for Dengue mosquito vector Aedes aegypti.
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Introduction

Mosquitoes borne diseases including malaria, filariasis, yellow  cycle (Platt et a/, 1997). Mosquitoes are still the serious global
fever, dengue fever and Japanese encephalitis, contribute  threat to public health transmitting several diseases including
significantly to poverty and social debility in tropical countries  Dengue which has been emerging as a major cause of concern
(Rajkumar and Jebanesan, 2005; Madkour et al, 2014). The  in the world. Aedes mosquitos are predominantly active during
Aedes mosquito is considered to be one of the world’s most daylight hours which pose difficulties in controlling the vector.
important mosquito vector species not only because of its The dengue disease is now endemic in more than
susceptibility to these disease agents, but also because it often 100 countries in Africa, Americas, Eastern Mediterranean,

feeds on more than one individual during a single gonotrophic  South-east Asia and Western Pacific regions. Southeast Asia
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and the Western Pacific are the most seriously affected (WHO,
2010). WHO estimates that over 2.5 billion people (40% of
the global population) are live in dengue prone areas where
as 100 million cases of dengue and Dengue Heamorrhagic
Fever (DHF) are reported in the world every year. Amongst
the 50 million hospitalizations cases for dengue hemorrhagic
fever, 90% are children (WHO, 2010) and 2.5% of those
affected are dying.

Aedes aegypti is a highly anthropophilic and is an
efficient epidemic vector of several human diseases such as
dengue fever, Chikungunya, and yellow fever (Harrington et
al, 2001).

Aedes mosquito thrives in urban and semi-urban
areas, ovipositing eggs in a wide range of man-made containers
and cryptic microhabitats in and around houses (Hawley, 1988;
Chadee, 2004). All of these making the rapid establishment
of the Aedes spp. as a potential vector of Dengue, chikungunia
and other vector borne diseases (Hawley, 1988; WHO, 2013).

Aedes aegypti, the primary vector for dengue viruses
(DENV) that cause dengue and dengue hemorrhagic and
yellow fevers, is found mainly in the tropics and subtropics
(Langat er al, 2012). Dengue viruses (DV) belong to family
Flaviviridae and there are four serotypes of the virus referred
to as DV-1, DV-2, DV-3 and DV-4. All the four serotypes are
transmitted mainly by Aedes aegypti mosquito and also by
Ae. albopictus (Gupta, 2012). The expansion of dengue is
expected to increase due to factors such as the modern
dynamics of climate change, globalization, travel, trade,
socioeconomic settlement and also viral evolution. There is
no effective vaccine or specific antiviral therapy currently exists
to address the growing threat of dengue. Thus, the only way
of significantly lowering the incidence of this disease is through
mosquito control (Murray et al, 2013).

The most convenient method for mosquito control
especially Dengue vectors lies in eradication of breeding sites
and application of environment friendly larvicides (Certin et
al, 2004). However, the common approach for the control of
mosquito vectors and reducing the transmission of human

pathogens is mainly based the chemical insecticides (Paul er
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al, 2006). The use of chemical insecticides is still the most
important element in mosquito control programmes (Alves
et al,, 2002). The major constrains associated with the chemical
insecticides includes, gaining vector resistance in the mosquito
Population, environmental pollution, human health and
economic costs have led to the search for alternative control
agents. In recent years, efforts have been made all over the
world on the search for natural, eco-friendly resources derived
from plants and microorganisms as an alternative to
conventional chemical insecticides for insect-control (Quesada-
Moraga et al, 2006; Madkour et al, 2014). Many biological
control agents have been evaluated to determine their efficacy
for control of mosquito vectors at larval stages of mosquitoes
and reported successful including Bacillus thuringiensis
israelensis variety and Bacillus sphericus (Fillinger et al., 2003).
Among the promising biological control agents
entomopathogenic fungi plays an important role for Aedes
control as potent bio-control agent (Boucias and Pendland,
1998). Entomopathogenic Ascoomycetes notably M. anisopliae
and B. bassiana are among the most commonly encountered
insect pathogens (Goettel and Inglis, 1997) and are in use to
manage various arthropod pest species (Zimmermann, 1993;
Khetan, 2001). The use of entomopathogenic fungi against a
range of mosquito larvae has been the subject of various
studies (Clark et al, 1988; Alves et al, 2002). Effectiveness of
entomopathogenic fungi against different mosquito larvae
under laboratory conditions had been reported earlier (Murry
et al, 2013; Benserradj and Mihoubi, 2014; Madkour et al,
2014) and also observed higher variability of effectiveness at
killing mosquito larvae in the field condition (Goettel, 1987).
Besides, insect resistance, their impact on the environment
has necessitated the development of other means of vector
control strategies. The most recent environment friendly
strategy for the Aedes control is the biological control.
Study has been conducted to evaluate the
pathogenicity of the two naturally occurring soil-born
entomopathogenic fungus Beauveria bassiania and
Metarrhizium anisopliae on the 2" instar Aedes aegypti larvae

under laboratory conditions.
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Materials and methods

Laboratory rearing of Aedes aegypti

Aedes aegypti eggs were collected from Indian Council of
Medical Research; as a generous gift from Dr. Anil Prakash,
Deputy Director, ICMR, Dibrugarh, Assam, India.
Mosquitoes were reared by establishing a colony in the
Department of Zoology, Gauhati University following standard
method (Silva et al, 1998). Larvae were fed with a mixture of
dog biscuit (Pedegree) and yeast powder (3:1). Adults were
maintained at 27 (+ 2) °C, 85 (+ 10%) RH in a 12:12 h L: D
photoperiod. Blood meal was provided by placing a rabbit in
the rearing cage three times in a week. Males were provided
with cotton pads soaked in 5% sucrose solution ad libitum.
Oviposited eggs were collected in a filter paper (Whatman
No.1) wrapped inside round a beaker half filled with water.
After harvesting, the eggs were dried in room temperature
and eclosion was stimulated by total immersion of the filter
paper in deionized water.

Isolation and culture of fungi

Fungal strains Beauveria bassiana and Metarhizium anisopliae
were isolated from the soil samples collected from different
locations of western part of Guwahati city, Assam, India
through serial dilution methods described by Nakayama,
(1981). Soil samples were ground to fine powder and mixed
with sterilized water in a ration of 1 g soil : 100 ml of sterilized
water. The solution was then diluted serially up to five times
and inoculated onto sterile culture plates containing 0.5 g
KZHPOA, 0.5 g peptone, 0.5 g MgSOA, 10 g dextrose, 0.5 g
yeast extract, 0.05 g rosebengal, 0.03 g streptomycin sulphate.
The plates were incubated at 25°C for a period of 7-10 days.
Pure culture were established according to single spore
method by inoculation of the primary culture on PDA medium
and incubated for a period of 5 to 7 days at 25°C. Isolates
were maintained in culture on potato dextrose agar (PDA)
slants and stored at 4°C. Continuous cultures were maintained
on slopes, with sub-cultures grown for 14 days at 25°C and
stored at 4°C.

Laboratory bioassay

Newly sporulated conidia were harvested by scraping the

surface of the culture gently with inoculation needle and were
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suspended in distilled water containing 0.01% tween80. The
mixture was stirred with a magnetic stirrer for 10 minutes.
Fine mesh sieve was used to remove the hyphal debris by
filtering the mixture. The conidial final suspension was
maintained at different conidial concentrations by using
haemocytometer. Conidial suspension of the concentration
at 1x10* , 1x10° , 1x10° , 1x10" and 1x10° conidia/ml was
prepared by diluting with water and mixed with 0.01%
tween80. Fungal isolates were tested for conidial viability one
day before each bioassay as described by Goettel and Inglis
(1997) and only isolates with not less than 80% viability were
used in bioassays.

Conidia of B. bassiana and M. anisopliae were tested
against Aedes mosquitoe larvae by adding fungal suspension
to plastic cups containing 50 ml of distilled water with 20
larvae of the 2 instar. Each cup was inoculated with 1ml of
fungal suspensions (10* 10" 10° 10" 10 conidia/ml). Control
treatments were carried out by addition of 10 ml of distilled
water. Larval mortality was evaluated on a daily basis for 10
days. Three replications were used in each set to compare the
result and statistically viable. Mortality percentages were
recorded daily and inference were made to know the effective
concentration of the strain applied against the 2nd instar larvae

of Aedes aegypti.

Results
The result of the present findings shows the pathogenic activity
of both the fungal strains B. bassiania and M. anisopliae on
the 2™ instar larvae of Ae. aegypti. The larval mortality of
Aedes mosquito larvae treated with Beauveria bassiana in
different fungal concentrations varied from 12-60% mortality
(Table 1), whereas treatment with different conidial
concentrations of Metarhizium anisopliae showed better
response with respect to immobilization and mortality and
recorded mortality rate in the range of 17 to 100% (Table 2).
Among the various treatments the exposure of 10°
conidia/ml and 10% conidia/ml concentration of the
Metarhizium anisopliae showed the highest larval mortality

(100%) within 6 to 8 days respectively, where as in case of
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Fig. 1 Photomicrographs showing (a). Aedes larvae after 3 days of treatment.
(b). Mycelial growth after 5 days of treatment and (c). Larval body parts

degradation after 8 days of treatment of Beauveria bassiana.

Beauveria bassiana isolate a maximum of 60% mortality was
recorded with conidial concentration 10° conidia/ml after 8
days of treatment in laboratory condition.

It was also observed that the mortality rate of larvae
increased with the increasing concentration of conidia and
duration of treatment in both the fungal isolates. In our study,
after exposure of B bassiana maximum 60% of mortality
was recorded from day 8 to day 10 in the 10° conidia/ml
concentration and the lowest 40% was recorded at the
concentration of 10" conidia/ml from day 6 to day 10. More
than 50% mortality was recorded from day 4 to day 10 and
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Fig.2. Aedes aegypti 2" instar larvae after exposure to Metarhizium

anisopliae.

recorded the maximum in the higher 10° conidia/ml. showing
the morphological deformities of the larvae (Fig.1)

In case of M. anisopliae 100% mortality were
recorded from day 6 to day 10 in the conidial suspension
containing 10°to 10° conidia/ml respectively (Fig. 2). Similarly,
80% mortality of the treated larvae was recorded in day 5
after being exposure of 10° conidia/ml concentration. It was
observed that more than 60% in day 4 and more than 40% in

day 3 were recorded in the same concentration.
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Table 1. Mortality (%) of Aedes aegypti 2nd instar larvae after exposure to Beauveria bassiana. (values are mean = SE)

Control 10* 10° 10° 10’ 10°
conidia/ml conidia/ml conidia/ml conidia/ml conidia/ml
1" Day 0 0 0 0 0 0
2™ Day 0 0 13.33+0.66 0 16.67+0.33 26.67+0.33
3" Day 0 0 13.33:0.66 0 16.67:0.33 43.33:0.33
4" Day 0 1333033 13.33+0.66 0 16.67:033 56.670.33
5" Day 0 1333033 13.33+0.66 26.67:0.33 16.67:033 56.670.33
6" Day 0 1333:033 13.33+0.66 26.670.33 401.00 56.670.33
7th Day 0 13.33+0.33 13.33+0.66 26.67+0.33 40+1.00 56.67+0.33
8" Day 0 13.33:033 13.33:0.66 60+0.57 40+1.00 56.67:0.33
9" Day 3.33£0.33 13.33:0.33 13.33+0.66 60:0.57 401.00 56.67+0.33
10th Day 3.33+0.33 13.33+0.33 13.33+0.66 60+0.57 40+1.00 56.67+0.33
Table: 2. Mortality (%) of Aedes aegypti 2™ instar larvae after exposure to Metarhizium anisopliae.  (values are mean = SE)
Control 10* 10° 10° 10’ 10°
conidia/ml conidia/ml conidia/ml conidia/ml conidia/ml
1" Day 0 0 0 13.33:0.66 0 0
2" Day 0 0 0 13.33:0.66 0 26.66:0.88
3“1 Day 3.33+0.33 13.33+0.33 26.67+0.88 53.33+0.88 16.67+0.33 26.66+0.88
4" Day 3.33£0.33 13.33:0.33 26.67:0.88 73.33+1.20 16.67:033 43.33:0.88
5" Day 3.33£0.33 13.33:0.33 26.67:0.88 83.33:033 16.67:033 63.33:0.88
6" Day 3.33£0.33 23.33:0.88 26.67+0.88 100£00 16.67+0.33 76.67+1.20
7" Day 3.33+0.33 23.33:0.88 26.67+0.88 100+00 56.67+1.66 86.67+0.88
8" Day 3.33:0.33 23.33:0.88 26.67+0.88 10000 56.67+1.66 10000
9th Day 3.33+0.33 23.33+0.88 40+0.57 100+00 56.67+1.66 100+00
10th Day 3.33+0.33 23.33+0.88 40+0.57 100+00 56.67+1.66 100+00
Discussion

Pathogenic activity of the fungal isolates in reducing the
mosquito population has been in use as a tool in the present-
day biological control programme (Ernst-Jan Scholte et al,
2004). In this study two natively isolated fungal isolates AZ.
anisopliae and B. bassiania were applied to evaluate the
entomopathogenic activity against the immature stage of the
primary Dengue vector Aedes aegypti as these stages are
reported to be most perfect stage for infection by the bio-
control agents (Yap, 1985; Conti et al, 2010). The result
represented the pathogenic activity of both the fungal isolates
exhibiting 12-60% mortality in case of B. bassiana and 17 to
100 % mortality in case of M. anisopliae, where as the control

exhibits only 3% mortality in case of both the isolates with 10
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days exposure period. Similar type of result was also reported
with rapid killing of mosquito larvae after application of fungal
conidia of hypomycetic fungi (Mvoutoulou ef al, 1992; Costa
et al, 1998 and Moraes et al, 2001).

The study confirmed the pathogenicity of B. bassiana
isolates and reported maximum mortality up to 60% with
conidial concentration of 10°conidia/ml after 8 days of
treatment. Moreover, more than 50% from day 4 to day 10
in the concentration of 10°conidia/ml and the lowest 40%
from day 6 to day 10 in the 10" conidia/ml concentration were
observed respectively, but 100% mortality could not be
achieved by application of any one of the five conidial

concentrations of B. bassiana. This can be explained as the
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conidia of B. bassiana are hydrophobic, thus floating on the
water surface and contact mosquito larvae at the tip of the
siphon resulting slow progression of pathogenicity. Similarly,
Clark et al, (1968) confirmed that B. bassiana conidia are
effective in killing mosquito larvae only when it is applied as a
conidial dust to the water surface.

Our study also revealed increasing level of mortality
with respect to the increasing level of conidial concentration
and duration of treatment in case of M. anisopliae and recorded
maximum 100% mortality from day 6 to day 10 in the 10° to
10° conidia/ml concentration respectively. Similarly 80%
mortality in day 5 at 10° conidia/ml concentration and 40% in
day 3 were recorded in the same concentration. This finding
was consistent with the study made by Roberts 1970 and
observed the potentiality of M. anisopliae conidia in a wide
range of species of mosquito including Anopheles stephensi,
Anopheles quadrimaculatus, Aedes aegypti, Ochlerotatus
atropalpus, Ochlerotatus taeniorhynchus, Culex pipiens, Culex
restuans and Culex salinarius. M. anisopliae as a potent
microbial mosquito control agent has also been demonstrated
by Roberts (1970) due to its high germinating power and
persistence in the environment as well as its effect on Culex
pipiens, Aedes aegypti larvae causing 50% mortality of the
above larvae treated with 1 mg dry conidia per 16 cm” (Daoust
and Roberts, 1982).

In conclusion it can be referred that B bassiana and
M. 3111'50}7/1'38 are potential mosquito controlling agents.
Researchers observed effects of these fungi on larvae of several
species of mosquitoes. Furthermore, it showed that AL anisopliae
fungus can successfully infect and kill larvae of Aedes species.
These isolates may also be used in mosquito control programs
in North East India alone or perhaps in combination with other

bio-control agents for proper control of Aedes aegypti.
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