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Five different insect-pathogenic fungi, isolated in West Kenya, were screened for their 
pathogenicity to adult Anopheles gambiae Giles sensu stricto mosquitoes. The tested 
entomopathogens belong to the Hyphomycetes (Deuteromycota): Beauveria bassiana (Vuillemin), a 
Fusarium sp. (Link) and three different strains of Metarhizium anisopliae Metsch. (Sorokin). Infection 
percentages ranged from 46.5 ± 3.6% (M. anisopliae soil sample) to 88.7 ± 3.3% (M. anisopliae IC30). 
LT50 values ranged from 3.39 ± 0.37 (M. anisopliae IC30) to 5.87 ± 0.77 days (M. anisopliae soil 
sample) and were all significantly lower (p=0.003) than the control group (8.80 ± 0.65 days). Our 
results indicate that the IC30 strain of M. anisopliae is the most pathogenic of the fungi tested in this 
study, and therefore considered the most appropriate fungus to be used for development of 
biological control strategies for adult African malaria vectors. 
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Malaria is considered the most important mosquito-borne disease in the world, affecting millions 
of people, especially in sub-Sahara Africa, where 90% of the annual death toll from this disease, 
estimated at 0.5-3 million cases, occurs (WHO, 2000). A public health crisis due to resistance 
against affordable drugs (Trape et al., 2002) and commonly used pyrethroid insecticides (Zaim & 
Guillet, 2002) is looming and calls for an expansion of the limited arsenal of environmentally safe 
vector control methods that can be used against Anopheles gambiae Giles s.l. (Diptera: Culicidae), 
Africa’s most important malaria vector.  

Considering that a female mosquito from the time of first infection needs to visit the house 
environment at least three times for a blood meal before transmission of malaria occurs, it has been 
argued that control should focus on adults in or near houses rather than on immature stages 
(MacDonald, 1957). The two techniques mostly applied for adult mosquito control are dependent 
on the use of residual insecticides either on bednets or on walls/roofs of houses, thus targeting the 
female mosquito either before or after she takes a blood meal. Though both methods have 
delivered major successes in curbing malaria morbidity and mortality (Lengeler, 1998), they do 
have fairly major limitations both technically (Zaim & Guillet, 2002), environmentally (WWF, 
1998; WHO, 1999) and in terms of acceptance/cost (Karanja et al., 1999).  

New methods that target adult females when visiting the house environment, preferably 
without the use of insecticides, may thus be worthwhile to develop. Insect pathogens, like fungi, 
have been evaluated against disease vectors like tsetse flies (Glossinidae; Maniania, 1998) and the 
search for effective species against mosquito vectors is ongoing. However, only few fungi have 
been found on adult stages of mosquitoes in nature. Most of them belong to the order 
Entomophthorales (Zygomycota) (Roberts, 1974; Humber, 1997) like Entomophthora culicis 
(Braun) (Kramer, 1983) and Conidiobolus coronatus (Cost.) Kev. (Low & Kennel, 1972), 
although these species have not been reported from Africa. Moreover, these fungi are hard to 
culture in vitro and are therefore not considered practical for mosquito control. A few 
Deuteromycetes have been found on adult mosquitoes (Sur et al., 1999), but it is generally 
assumed that fungal infections in the field other than Entomophthorales on adult mosquitoes are 
rare. No reports have been made of fungal infections in adult An. gambiae in the field. This does 
not imply, however, that adult mosquitoes, including An. gambiae, are not susceptible to certain 
fungi. In laboratory experiments, adults of Culex tarsalis Coquillett, Cx. pipiens L., An. albimanus 
Wiedemann, Aedes aegypti L., Ae. sierrensis Ludlow, and Ae. nigromaculis Ludlow, have been 
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found susceptible to the Deuteromycete Beauveria bassiana (Clark et al., 1968), Ae. sierrensis was 
found susceptible to Tolypocladium cylindrosporum (Soarés, 1982), and Cx. quinquefasciatus Say 
and An. gambiae to M. anisopliae (Scholte et al., in preparation). 

In this study we screened 5 different entomopathogenic fungi, isolated from East African soil 
samples and from insects, for their relative pathogenicities to adult stages of An. gambiae s.s., in 
order to evaluate their potential for biological control agents of African malaria vectors. 

MATERIAL AND METHODS 

Mosquitoes 
An. gambiae s.s. mosquitoes were obtained from a colony that originates from specimens collected 
in Njage village in 1996, Tanzania. In Kenya, the strain was maintained under ambient conditions 
at the Mbita Point Research and Training Centre of the International Centre of Insect Physiology 
and Ecology (ICIPE), with temperatures ranging from 18-30°C and relative humidity from 40-
90%. Larvae were kept in plastic trays, filled with water from Lake Victoria, and fed Tetramin 
fish food daily. Pupae were collected daily in small cups and allowed to emerge in 30 cm cubic 
cages covered with netting. Adult mosquitoes had access ad libitum to a 6% glucose solution. 
Female mosquitoes were allowed to feed on the arm of a human volunteer for 10 min every third 
day.  

Isolation of fungi 
A M. anisopliae strain was isolated from a white fly, Trialeurodes vaporariorum (Westwood), 
collected at Mbita Point, in November 2001. B. bassiana and a Fusarium sp. were isolated from 
dead Busseola fusca (Fuller) stemborers, collected from stems of harvested maize plants on 
Rusinga Island, West Kenya, in October 2001. Another M. anisopliae strain, IC30, was isolated in 
1989 (courtesy N.K. Maniania), from B. fusca, at Kendu Bay, Western Kenya, and has been 
maintained under laboratory conditions since then. Mosquito carcasses were incubated 
individually on moist filter paper in a Petri dish sealed with parafilm at room temperature, to allow 
fungi to grow and sporulate. Fungi, sporulating from the carcasses, were isolated and inoculated on 
Sabouraud Dextrose Agar (SDA) for the bioassays as described by Goettel & Inglis (1997). 

A third strain of M. anisopliae originated from a soil sample, taken from the edge of a dry 
riverbed (Ghera river), approximately 5 km from Mbita Point, in October 2001. The fungi were 
isolated from the soil samples by insect baiting, using larvae of the greater wax moth (Galleria 
mellonella L.), as described by Goettel and Inglis (1997), and plated on SDA agars for the 
bioassays. 

Bioassay procedure 
Bioassays were conducted in the laboratory at Mbita under ambient conditions (average 
temperature 26.2 ± 0.1°C and RH 66.3 ± 0.6%). For each experiment 50 adult mosquitoes (age 2-5 
days, sex ratio approximately 50%) were gently placed in a transparent cylindrical plastic 
container (16 cm high, 7 cm diameter) from which the lid had been removed and replaced by an 
agar plate turned upside-down. This agar plate contained a sporulating culture of the fungus to be 
tested. The culture lid was replaced with the original lid after 3 days. Inside the container 
mosquitoes had constant access to a 6% glucose solution. Dead mosquitoes were removed daily 
and placed on moist filter paper in Petri dishes, sealed with parafilm, and examined for fungal 
growth after 3 days. Control groups contained a clean Petri-dish lid throughout the experiment. 
Each bioassay per fungal strain/species was repeated three times, each time using fresh cultures on 
SDA agar that had started sporulating 1 week earlier. The used cultures were plated from the first 
clean culture of the isolate.  

Statistical analysis 
Mosquito survival data were plotted on a Gompertz model (Gompertz, 1825; Clements & 
Paterson, 1981), from which LT50 values were calculated (using software package Genstat 5.0). 
These LT50 values were analysed using ANOVA, and pairwise compared in a LSD post-hoc test 
(using software package SPSS 11.0). This was done separately for all trials. The effect of the 
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different entomopathogenic fungi on mosquito mortality was analysed using Kaplan Meier 
survival analysis (SPSS 11.0). 

RESULTS 
All fungi were pathogenic to An. gambiae s.s.; survival analysis showed that all survival curves 
(Fig. 1) of fungus-contaminated mosquitoes were significantly different from the control group 
(p<0.001). Among all fungi, pathogenicities against An. gambiae differed significantly (p<0.05), 
except for M. anisopliae isolated from soil and M. anisopliae isolated from white fly (p=0.913).  

Mean infection percentages ranged from 46.5 ± 3.6% (M.anisopliae soil sample) to 88.7 ± 
3.3% (M. anisopliae IC30) (Table 1). LT50 values were all significantly (p=0.003) different from 
the control group (Table 1). The fungus slowest to halve the number of surviving mosquitoes was 
the M. anisopliae isolated from the soil sample (LT50 5.87 ± 0.77 days). This LT50 value was 
significantly lower (p=0.003) than the M. anisopliae isolate IC30 (LT50 3.39 ± 0.37 days), but not 
(p=0.122) from the M. anisopliae isolated from white fly (LT50 4.71 ± 0.32 days). M. anisopliae 
IC30 was the fungus with the lowest LT50, with a difference of 5.5 days compared to the control 
group. 

Although the LT50 value of B. bassiana was only slightly, but not significantly (p=0.886), 
higher than that of M. anisopliae IC30 (3.49 ± 0.29 and 3.39 ± 0.37 days, respectively), survival 
analysis of the mosquito mortality curves showed that these were significantly different (p<0.001). 

 
 
 

Table 1. Infectivity and pathogenicity of various fungal species to adult Anopheles gambiae s.s. mosquitoes 

Fungus % Infected ± SE1 LT50 ± SE (days) Grouping LT502 
Control 0 8.80 ± 0.66 a 
M. anisopliae (soil-sample) 46.5 ± 3.6 5.87 ± 0.77 b 
M. anisopliae (white fly) 83.0 ± 3.4 4.71 ± 0.32 b,c 
Fusarium sp. 79.0 ± 4.3 4.48 ± 0.21 b,c 
B. bassiana 81.7 ± 0.9 3.49 ± 0.29 c 
M. anisopliae (IC30) 88.7 ± 3.3 3.39 ± 0.37  c 
1 SE: Standard error of the mean; 2 Pairwise comparison of LT50 values: fungi without letters in common are 
significant at p<0.05 
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Figure 1. Survival curves of adult mosquitoes (An. gambiae s.s.) infected with different entomopathogenic 
fungi. 
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DISCUSSION 
Several Hyphomycetes have been reported to infect the immature stages of mosquitoes (Roberts, 
1974; Badran & Aly, 1995; Goettel et al., 1984; Couch et al., 1974; Sur et al., 1999), but none 
have been reported from adult mosquitoes in the field. Clark et al. (1968) successfully infected 
adult Ae. nigromaculis with B. bassiana, Soarés (1982) infected adult Ae. sierrensis with T. 
cylindrosporum and recently Scholte et al. (in preparation) infected Cx. quinquefasciatus and An. 
gambiae s.s. with M. anisopliae. The results of this study show that five entomopathogenic 
Hyphomycetes, found in a natural habitat of An. gambiae in Africa, were found to significantly 
reduce the lifespan of the adult stage of this malaria vector. M. anisopliae (IC30) and B. bassiana, 
were relatively faster in killing than the other three fungi, although infection with neither of the 
two fungi resulted in a full 100% fungal sporulation on the mosquito cadavers as Clark et al. 
(1968) reported when they infected adult Cx. pipiens, Cx. tarsalis and Ae. aegypti mosquitoes with 
B. bassiana.  

Varying pathogenicities among different strains of an entomopathogenic fungus, like in this 
study among the three strains of M. anisopliae, have been widely recognized and described earlier 
(St. Leger et al., 1992; Vey et al., 1982, Rath et al., 1995), and are indicative of naturally 
occurring genetic variation (St. Leger et al., 1992). Entomopathogenic Hyphomycetes (notably M. 
anisopliae and B. bassiana) are among the most commonly encountered insect pathogens (Goettel 
& Inglis, 1997), and are in use to control various arthropod pest species (Bartlett & Jeronski, 1988; 
Federici, 1995; Zimmermann, 1993, Khetan, 2001). Of the five Hyphomycetes tested in this study 
M. anisopliae (IC30), causing the highest infection percentage and most rapid death, should be 
considered a potential candidate in the development of biocontrol methods for anopheline 
mosquitoes. Moreover, this fungus, like all Hyphomycetes but unlike e.g. Entomophthoraleans, 
can be mass-produced easily and cheaply. M. anisopliae has demonstrated neither infectivity nor 
toxicity in mammals, although in laboratory experiments mice may develop allergic reactions 
when exposed to fungal antigens (Ward et al., 1998). Another advantage for the use of this fungus 
as a control agent against adult anophelines in Africa, would be that an endemic organism is 
applied within its natural environment, therefore reducing the risk of disrupting fragile ecological 
equilibria.  

We conclude that M. anisopliae may be developed as an environmentally harmless biological 
control agent in sub-Sahara Africa, particularly against adult anophelines, in order to reduce their 
life span. With the mosquito longevity being the single most important factor in the vectorial 
capacity equation (MacDonald, 1957), a reduction of which can greatly reduce transmission of 
malaria, prospects for developing this adult control strategy are promising. Questions regarding 
application methodology, with the aim to optimise exposure of vector mosquitoes to sources of 
fungal spores/conidia, are currently being addressed.  
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