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ABSTRACT
Metarhizium anisopliae is a genus of ascomycetous fungi, recognised as biological
control agent of malarial vectors and plants growth promoters. In this experimental
study, the fungus Metarhizium anisopliaewas isolated from the dead infected larva
of Oryctes rhinoceros beetle onto the Potato Dextrose Agar (PDA) plates containing
0.01% chloramphenicol. The pure culture was obtained using 0.01% tween 80 on
new PDA plates and maintained at 28°C for 20 days.  The isolate appears as thick,
cottony mycelia with thin hyphae stuck to the surface of the agar plate that covered
the colonies completely. The conidia formed powdery colonies of structure that
measured 9 mm forming dark-herbage green pigmentation. Under ambient
laboratory conditions, spores were inoculated onto 100 reared female Anopheles
gambiae mosquitoes. Results showed that the larvae of mosquitoes were highly
susceptible to the infectious propagules of the fungus at 24 hrs post-inoculation.
Similarly, within 5 days post-inoculation, the conidiogenous cells started by
adhering and growing on the cuticle, legs and wings of adult mosquitoes. Mortality
rate was significantly higher (P < 0.05) in larvae compared to adult mosquitoes
that were treated. Mortality increased as the time period was increased on adult
mosquitoes compared to larvae. There was no mortality observed in the control
during the time interval. This study showed that the Metarhizium anisopliae has
many characteristics that make it useful as biological control agents. The fungus
can be stored easily and grown in large quantity on low-cost artificial media.
Key words: Ascomycetous fungi, Metarhizium anisopliae, Oryctes rhinoceros
beetle, Anopheles gambiae, Potato Dextrose Agar.
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INTRODUCTION
Malaria continues to be a scientifically
complex, economically challenging and

life-threatening disease that is prevalent
in tropical and sub-tropical region of the
world (PAHO/WHO, 2018; Greenwood



Nigerian Journal of Mycology Vol. 12 (1): 2020 13

et al., 2005).
Currently, the control methods used to
lessen the rate of malaria transmission
in endemic areas are early diagnosis and
prompt treatment, chemically treated
bed nets and indoor residual spraying;
these strategies have minimized the
disease occurrence in the early stage of
children in the population (Snow et al.,
2005; Abdullah et al., 2001).
Anopheles gambiae and Anopheles
funestus are the most significant malaria
vectors that cause high rate of illness and
mortality of human in tropical regions
(Masanja et al., 2008; Farenhorst et al.,
2008). Anopheles gambiae mosquitoes
are becoming resistance gradually to
chemical insecticides which can rapidly
cause genetic mutation in their target site
(Martinez et al., 1998). Increase stages
of esterases and monooxygenases have
been shown to grant resistance to insec-
ticides in Anopheles gambiae mosqui-
toes (Ernst-Jan et al., 2008; Hunt et al.,
2005). It is common for many mosquito
species to exhibit both combinations of
resistance mechanisms and metabolic
resistance (Corbel et al., 2007; Donnelly
et al., 2009).
Metarhizium anisopliae have been
broadly studied because of its common-
ness in the environment, constricted host
span, harmlessness, proficiency of mass
production of the spores. And it can be

found in high proportion in the soil
worldwide (Kimberly et al., 2017;
Bruck, 2005). Metarhizium anisopliae
is an anamorphic fungus which is
included in the phylum of Ascomycota
and reproduces asexually by spores
recognised as conidia or conidiophores.
The reproductive structures of the
fungus comprises of conidiophores and
propagules. Blastospores and appresso-
ria are produced through mycelia trans-
formation (Kimberly et al., 2017;
Melanie, 2015).
Metarhizium anisopliae have been uti-
lized to attack and kill many pest insects
and vectors for more than 100 years
(Lord, 2005). Recently, the fungus
Metarhizium anisopliae have been
assessed for mosquito control measures
(Annabel et al., 2010). Metarhizium
anisopliae displayed an ability to invade
and kill more than 190 susceptible
insects and is used globally in the control
of insect pests that affecting agricultural
productivity (Copping, 2001;
Zimmermann, 2007). The fungus M.
anisopliae begins by impairing malaria
vector through direct exposure with the
integument. The propagules invade the
integument where they manufacture
organic compounds causing mechanical
destruction, nutrient exhaustion and
death eventually (Gillespie et al., 1989).
However, toxic effects begin to occur
four days post fungal exposure (Faren-
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horst et al., 2008; Scholte et al., 2003).
M. anisopliae are effectual on mosqui-
toes that are resistant and susceptible to
the chemical insecticide (Kikankie et al.,
2010; Kamala-Kannan et al., 2008). M.
anisopliae kill mosquitoes in a sluggish
pattern compared to chemical insecti-
cides that kill mosquito speedily (Mny-
oneet al., 2009; Farenhorst et al., 2008).
To control the adaptation of mosquito’s
resistance to chemical insecticides,
organisms should be spared to reproduce
before destruction, by which next gen-
eration can acquire tolerance genes
(Thomas et al., 2007; Read et al., 2009).
Metarhizium anisopliaecan be easily
transmitted within mosquito population
of both sexes in the course of body
contact or copulation. This could be
useful to minimize the transmission rate
of dengue, yellow fever and Zika flavi-
viruses (Filiberto et al., 2011). However,
chemical insecticides are not enough to
combat malaria disease from endemic
areas (Talisuna et al., 2004). Additional
microbial control agents are required to
stop or reduce this menace. Therefore,
the objectives of this research was to
isolate the spores of Metarhizium ani-
sopliae from the dead infected larvae of
Oryctes rhinoceros beetle on Potato
Dextrose Agar (PDA) Culture, demon-
strate the toxic fungal structure on the
body of Anopheles gambiae mosquitoes
and assess the mortality rate of Anophe-

les gambiae mosquitoes post exposure
to the spores of Metarhizium anisopliae.

MATERIALS AND METHODS
Isolation of Metarhizium anisopliae
An area from the Larva of Oryctes
rhinoceros beetle was observed where
Metarhizium anisopliae is growing with
free of visible contaminants. Small
amount of fungus was teased off from
an observed area. Streaked across a
sterile Petri dish (15 × 100 mm) contain-
ing 20 – 25 ml of   Potato Dextrose Agar
(PDA) with 0.01% of chloramphenicol
and incubated the inoculated Petri dish
at 28ᴼC until spores were germinated at
24 hrs.
Preparation of Pure Culture of
Metarhizium anisopliae
Small amount of spores were transferred
into a 1.5 mL micro tube containing 1
mL distilled water plus 0.01% tween 80.
The tube was shaken vigorously and 0.1
mL of spores suspension were streaked
on a Petri dish of Potato Dextrose Agar
(PDA) containing 0.01% chloramphen-
icol. The plate was then incubated at
28°C for 24 hrs. With microscope, one
germinated spore was picked and placed
at the centre of a fresh Petri dish of
Potato Dextrose Agar (PDA). The plate
was maintained at 28°C for 14 days. The
spores were again subcultured onto a
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new Potato Dextrose Agar (PDA) plates.
These pure cultures of Metarhizium
anisopliae were maintained at 28°C for
20 days. Using microscope, conidia and
conidiophores were observed at 400x
magnifications.
Preparation of conidial suspensions
Conidial suspensions were prepared by
scrapping conidia and gently rubbing the
surface of well sporulated 20 days old
cultures into 10 mL sterile distilled
water containing 0.01% of aqueous
Tween 80. Sterile glass beads were used
to facilitate separation of the propagules
and Tween 80 to reduce surface tension.
Suspension from all plates of a fungus
were collected in a 100 mL beaker and
mixed thoroughly to get a homogenized
mixture for 15 min, and then filtered
through several layers of cheese cloth to
remove mycelia and pieces of culture
materials.Spores concentration was
determined by a Neubeur haemocytom-
eter to quantify the number of
propagules per unit volume according to
Goettel and Iglis (1997) method. Viabil-
ity of conidia was used by plating tech-
niques to provide a measure of viable
propagules per unit volume. Spores
viability was determined so that doses
can be prepared on the viable propagules
according to method decribed by Goettel
and Iglis, (1997).

Infecting Anopheles gambiae with
Conidia inside CDC Recommended
Bottles
1 in2 of dry propagules was removed
from the Potato Dextrose Agar (PDA)
culture and placed onto the sterile CDC
bottles aseptically. And 1.68 x 108

propagules/mL of spores suspension
were used to coat inside the bottles.
Aspirator tube was used to introduce 10
Anopheles gambiae mosquitoes (adults)
that were maintained under ambient
laboratory conditions (28˚C ± 2˚C and
70 ± 5% Relative Humidity) aseptically
into the sterile bottle. And micro-pipette
was used to introduce 10 larvae of
Anopheles gambiae mosquitoes that
were maintained under ambient labora-
tory conditions into the sterile bottle
containing 100 mL of propagules sus-
pension. Control mosquitoes were then
released into the sterile bottles free of
fungal spores. Mosquitoes were held in
the bottles for 6 hr for them to come into
contact with the spores. Mosquitoes
were transferred using aspirator tube
into separate holding cages (30 × 30 ×
30 cm) for mortality rate observation
and provided with 10% glucose solution.
Mortality rate was recorded. Cadavers
were then inspected for fungal growth
using a compound microscope at 400×
magnification.
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Statistical Analysis
Student’s t-test and correlation coeffi-
cient were used to compare mean mor-
talities of Anopheles gambiae using
graphed prism 6. Two-way ANOVA
using GraphPad prism 6 was used to
compare the time interval of mortality
rate in both dry and wet suspension of
propagules of Metarhizium anisopliae
on adult Anopheles gambiae mosquitoes
using GraphPad prism 6. The difference
in survival between treated mosquitoes
in both dry and wet suspension and the
control was estimated using Long-rank
(Mantel-Cox) test.

RESULTS
Plate 1 is a photograph of dead larvae
(3rd instar) of Oryctes rhinoceros beetle
infected by the spores of Metarhizium
anisopliae weighed about 6.8 - 7.8 g and
5 - 8 cm length. The emergence of green
conidia on the larval body is also the
symptom of the latest stage of M. ani-
sopliae infection on the larvae of O.
rhinoceros beetle.
Plate 2 is a photograph of mature colo-
nies of Metarhizium anisopliae on potato
dextrose agar (PDA) incubated at 28°C
for 14 days. The mycelia texture was thin
and stuck onto the surface of the colonies
and the conidia composed dry wet
powdery colonies of structure that meas-
ured 8 mm. The colonies appeared

umbonate, curled and opaque forming
dark-herbage green pigmentation.
Plate 3 is a microphotograph of morpho-
logic appearance of conidia and conidi-
ophores using compound microscope at
400x magnification. Conidiogenous
cells formed a dense layer with conical
apices, cylindrical forming chains with
dark green color. The conidiophores and
phialide dimensions were 4– 12.5x 1.3
– 2.5 μm and 6.2 – 11.5x1.8– 3.5 μm,
respectively. Conidial chains were
round, dense parallel arrangement and
conidia were cylindrical.
Plate 4 is a photograph of dead larvae of
anopheles gambiae mosquitoes infected
by metarhizium anisopliae at 48 hrs
post-inoculation under microscope while
the arrows showed the spores on the
cuticle. The presence of spores in the
mosquito larva apparently demonstrated
that the spores has been ingested which
may triggered the defense mechanism
and deplete the tissues which resulted to
the dead of larva.
Plate 5 is a photograph of dead adult of
anopheles gambiae mosquitoes infected
by metarhizium anisopliae under com-
pound microscope while the arrows
showed the spores on the cuticle, legs
and wings. At 4 days post-inoculation
mycelia covered the abdomen of mos-
quito which was densely intertwined.
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M=Mycelia, P=Propagules and K=Cuticle
Plate 2: Mature colonies of Metarhiz-
ium anisopliae on potato dextrose agar
(PDA)

K

P

M

Plate 1: Dead larvae of Oryctes rhinoceros
beetle infected by Metarhizium anisopliae

Plate 3: Morphologic Appearance
of Conidia and Conidiophores
under Microscope

Plate 4: Dead Larva of Anopheles
gambiae Mosquitoes infected by
Metarhizium anisopliae

Plate 5: Dead Adult of Anopheles gambiae
Mosquito infected by Metarhizium anisopliae
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Figure 1: Adulticidal & Lavicidal Activity

Figure 2: Difference in survival rate of Anopheles gambiae mosquitoes
infected by Metarhizium anisopliae.
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Figure 1 is the mortality rate of adults
and larvae of Anopheles gambiae mos-
quito exposed to the spores of Meta-
hizium anisopliae. Larvae of Anopheles
gambiae were highly vulnerable to M.
anisopliae with the earliest mortalities
being observed at 24 hrs post inocula-
tion. Mortality of Anopheles gambiae
was significantly higher in larvae
exposed to propagules than those adult
mosquitoes exposed to dry and wet
suspension of conidia. It was observed
that the mortality increased as the time
frame was increased on Anopheles
gambiae mosquitoes compared to
larvae. However, there was no mortality
rate observed in the control within 120
hrs.
Figure 2 is the difference in survival rate
between control and Anopheles gambiae
mosquitoes infected by the fungus. The
survival of Anopheles gambiae exposed
to dry and wet suspension of spores of
Metarhizium anisopliae was signifi-
cantly different using Long-rank (Man-
tel-Cox) test (P < 0.0001, X2 = 80.17, df
= 2).

DISCUSSION
Metarhizium anisopliae is one of the
most prevalent entomopathogenic fungi
and distributed globally (Driver et al.,
2000; Bukhari et al., 2010). In this
study, the spores of Metarhizium anisop-
liae was discovered on the larva of

Oryctes rhinoceros beetle. The infection
apparently killed the larva of the beetle.
The larvae are very important edible
insects with a source of nutrients and
minerals which can be put to better use
to accelerate the proper growth and
development of man and livestock. The
presence of the fungus on larvae of
Oryctes rhinoceros beetle is probably
for the purpose of acquiring nutrients for
the growth of the developmental stage.
It also constitutes the means of acquiring
substrate for glyoxylate cycle through
which energy is obtained for germina-
tion, pathogenesis and saprobic growth
that can reproduce vast number of fungal
propagules. The larvae of O. rhinoceros
are important edible insect; grow about
100mm long and yellowish white in
color (Oluwo et al., 2012; Ooi, 1988).
The fungus M. anisopliae release
destruxins A which is synthesized to
repress the humoral and cellular immune
response in the larvae (Kimberly &
Seow, 2017; Tampubolo et al., 2013).
Strains of M. anisopliae have been
isolated from soils, dead infected larvae
of Oryctes rhinoceros beetle and insects
(Poprawiski and Yule, 1991; Ramle et
al., 2005; Roddam and Rath, 1997).
Pure culture of Metarhizium anisopliae
were obtained from the small amount of
spores teased off from dead infected
larva of O. rhinoceros on Potato Dex-
trose Agar (PDA) which was incubated
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at 28°C for 24 hrs. It was observed that
the spores on potato dextrose agar
(PDA) formed circular colonies of struc-
ture that measured 1 – 3 mm. In some
studies, Sabaroud Dextrose Agar with
less than 2% yeast extract and Jenkins
medium yielded the fungus Metarhizium
anisopliae with the thickest propagules
(PikKheng et al., 2009; Zhang et al.,
2014).A study found that the lethal
effect of the different strains was influ-
enced by different media cultures in the
laboratory and field (Maldonado-Blanco
et al., 2014). The spores of the fungus
were subculture onto a new PDA plates
at 28°C for 14 to 20 days. Mature
colonies was observed and mycelia
texture was thin and stuck onto the
surface of the colonies and the conidia
composed of dry wet powdery colonies
of structure that measured 8 mm. Small
amount of plaques were observed after
fungal sporulation on Potato Dextrose
Agar(Yu, 2010). The colonies appeared
umbonate, curled and opaque forming
dark-herbage green pigmentation.
Metarhizium mature colonies of 9 days
are observed as dark green. The mor-
phology of the colonies can differ
depending on the artificial media type,
senescence and the edges may be white
with variable thickness (Kamp & Bido-
chka, 2002; Wang et al., 2005).
This study revealed that the microscopic
morphometry of the conidiophores and

phialide dimensions were 4– 12.5x 1.3
– 2.5 μm and 6.2 – 11.5x1.8– 3.5 μm,
respectively. According to Driver et al.,
(2000) propagules of M. anisopliae have
a width between 3 to 4 μm and a length
between 7 to 11 μm, which is similar to
what was observed in this study. Conidia
may be brown or green, hyaline and lilac
with chains formation (Kepler et al.,
2014). Conidiogenous cells formed a
dense layer with conical apices, cylindri-
cal forming chains with darkgreen color.
Brady, 1979 revealed that the fungus M.
anisopliae as pink, olivaceous or dark-
herbage green which is similar to what
was observed in this study. Conidia are
often the only morphological structure
in the genus to explore the credible of
mosquito pathogens that can be used in
mosquito control measures which has
been in progress for more than 10 years.
In the laboratory studies, Metarhizium
anisopliae strains have been assessed
and displayed the ability for operational
uses, including the methods of advanc-
ing the mass production and application
in operational control measures (Scholte
et al., 2003; Scholte et al., 2005). The
larvae of Anopheles gambiae mosqui-
toes were highly vulnerable to M. ani-
sopliae with the earliest 100%
mortalities being observed at 24 hrs. M.
anisopliae was found to have high lavi-
cidal activity when formulated with
convectional insecticides (Bukhari et al.,
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2011). Mortality was significantly
higher in larvae exposed to fungal prop-
agules than those adult mosquitoes
exposed to dry and wet suspension of
conidia. Studies found that more than
85% of Anopheles gambiae mosquitoes
exposed to fungus M. anisopliae were
dead in less than 14 days compared to
untreated mosquitoes (Fang et al.,
2011). It was observed from the results
of this study that mortality increased as
the time period was increased on adult
mosquitoes compared to larvae with
100% mortality rate from 24 hrs to 120
hrs. Laboratory and field studies have
demonstrated that the fungus has toxic
effects on larval and adult of the malaria
vector (Lacey et al., 1988; Scholte et al.,
2003).However, there was no mortality
rate observed in the control within 120
hrs.
This study also revealed that the conid-
iogenous cells wholly covered the dead
infected larvae and the spores were able
to attach firmly onto the larval integu-
ment at 24 hrs post inoculation of spores.
These results in the ability of the fungus
to penetrate the cuticle and reproduce
itselfon the larvae leading to dead of the
larva. Metarhizium anisopliae have been
evaluated as excellent biological control
agents for biopesticides due to their
suitability of large scale production,
proportional host span, safety, and mass
production (Ferron, 1981).

However, in this study, results showed
that wet spores suspension on larvae and
adult Anopheles gambiae mosquitoes
were more virulent than dry spores
which contradicts the findings of Green-
field et al., (2014).  Persistent and viru-
lent of conidia were anticipated with the
used of the oil formulation substrate
which displays a superior safety against
viability and virulence, fluctuating tem-
perature, UV radiation and humidity
(Bukhari et al., 2011; Vazquez-Martinez
et al., 2013). Microscopic observations
in this study revealed that the ingestion
of propagules by larva post exposure
have demonstrated that the conidia has
been ingested which may apparently
deplete its metabolites.
At the larval stage, conidia formulation
causes a mortality rate higher than the
control (Bukhari et al., 2011) which was
similar to the results of this study. This
may be due to the skill to lay out the
propagules evenly on the surface of
water. Studies have shown that M.
anisopliae was able to cause a notable
higher mortality rate
in Anopheles species and Aedes species
compared to control. It was found that
more than 91% of Anopheles species
exposed to fungus died within 14 days
post-inoculation (Scholte et al., 2003)
which was different to my results in this
study. Adult Anopheles gambiae and
Culex quinquefasciatus were infected in
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a laboratory study and showed to be
highly vulnerable in less than 7 days
(Scholte et al., 2003). The results of this
study showed that the mortality rate was
observed between 1 hr to 120 hrs (5
days) post inoculation of spores in both
dry and wet suspension with a signifi-
cant differences between time durations.
It has been demonstrated that
Metarhizium anisopliaecan be use
against adult Anopheles gambiae mos-
quitoes to put a stop on the prevalence
of malaria disease. Because Plasmodium
parasite required just about 14 days to
thrive in the mosquito into infectious
parasite at which phase the mosquito can
transmit disease (Fang, et al., 2011).
The results from this study show that the
infected adult and larva of mosquitoes
at any given moment and at appropriate
dose, mosquito life span is reducing
compared to control which is similar to
the findings of Kamala-kannan et al.,
2008.
Microscopic observation in this study
revealed that the larvae were infected by
the spores of M. anisopliae via cuticle
and mycelium developed on mosquito
larvae. However, the larvae were not
transformed to pupae which may proba-
bly killed by the spores of the fungus
during their transformation. Studies
have shown that developmental stage of
pupae was inactive post exposure to
fungus from larval stage which eventu-

ally resulting to death of mosquito pupae
before transformation (Bukhari et al.,
2011). M. anisopliae was tested and
proved to be safe with significantly low
level of menace to infect human, animals
and the dwellings (Zimmermann, 2007).

CONCLUSION
Metarhizium anisopliae has proved to
be lavicidal and lethal effect on Anoph-
eles gambiae mosquitoes with 100%
mortality rate at 24 hrs post-inoculation.
Similarly, adult of Anopheles gambiae
showed that their life spans are consid-
erably reduced within 5 days post-inoc-
ulation treated with both concentrations.
This study showed that dry propagules
of M. anisopliae have a considerable
repellent effect on adult Anopheles
gambiae compared to wet suspension
with 0.01% of tween 80 formulations.
This indicated that an oil-formulation is
more toxic on mosquitoes than dry
spores of Metarhizium anisopliae. The
experiments clearly showed that both
larvae and adults of Anopheles gambiae
mosquitoes were vulnerable to M. ani-
sopliae and their lifespan was greatly
reduced with significant dose of conidia.
However, Metarhizium anisopliae have
demonstrated a characteristic of lethal
effect on Anopheles gambiae mosqui-
toes.
The results of this study may suggest
that Metarhizium anisopliae can be used
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as microbial control agents which can
be integrated and reduce the use chemi-
cal insecticides in malarial endemic
areas. Potentially, it may apparently
decrease the prevalence of malaria infec-
tion and transmission. Further studies
should be carrying out for further assur-
ance of safety of environment and non
target insects when applying on a large
scale operation.
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