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ABSTRACT 

 
Culex pipiens is a major vector of filariasis in Egypt and worldwide. Vector control remains the most successful strategy for the 
suppression of mosquito borne diseases. The present study was carried out for the laboratory evaluation of isolated fungi against Cx. 
pipiens larvae which is the most suitable stage for bio-control agents. Three species of Aspergilli (A. niger, A. ochraceus and A. 
parasiticus), one of the Candida sp. and two of Penicillium (P. citrinum and P. stoloniferum) were isolated with incidence rates of 37, 46 
and 17% colony forming unit (CFU) per larva, respectively. The virulence of the isolated species in comparison with two commercially 
insect pathogenic species was determined under laboratory conditionsA. niger, P. citrinum followed by A. ochraceus were highly virulent 
and rapid acting species against Cx. pipiens larvae, they caused 68.4±2.6, 67.4±0.7 and 61.1±3.5% mortality, respectively. Light and 
scanning microscopic observations showed fungal germination on the cuticle of different body parts of larvae. 
 
Keywords: Culex pipiens, mosquitoes, fungi, pathogenicity.  
 

 
INTRODUCTION 
 
 Culex (Cux.) pipiens L. is the most common 
species of mosquitoes in Egypt [12], and is important 
as the main vector of filariasis [11] and several viral 
diseases [8]. Mosquito control is a vital public health 
practice throughout the world [29]. In recent years, 
the interest in searching for persistent 
microorganisms that multiply easily, limit host 
resistance and control pest populations without 
harming the environment has increased [3]. 
 It is, therefore, worthwhile to investigate the 
ability of entomopathogenic fungi to control 
mosquito larvae. In order to find a suitable fungus for 
mosquito control, several fungi should be screened in 
comparison with a fungal species that is known to be 
highly pathogenic to other insect pests. Therefore the 
objective of this study was to isolate and identify the 
entomopathogenic fungi associated with Cx. pipiens 
larvae and to evaluate their virulence in comparison 
with some commercial insect pathogenic species 
under laboratory conditions. The current study was 
also carried out to examine the ability of isolated 
species to invade larval bodies using light and 
scanning electron microscopy. 
 
Materials and Methods 
 
Rearing of mosquitoes: 
 

 Larvae of Cx. pipiens were brought from the 
Institute of Medical Entomology in Dokki, Giza and 
reared in the laboratory at the Faculty of Science, 
Zagazig University at 25±2oC, 80±5% relative 
humidity and 14 L: 10 D photoperiod. The adult 
mosquitoes were kept in cages (40cm x 40cm x 
40cm) and fed 10% glucose solution, whereas back 
and belly shaved rabbit served as a source of blood 
meals. Egg rafts were collected in plastic bowls 
containing water and kept for hatching. Larvae were 
reared in plastic trays (30cm x 25cm x 5cm) and fed 
with yeast powder.   
 
Isolation and identification of fungi:  
 
 Cadavers of Culex pipiens larvae collected from 
laboratory colony were surface sterilized in 5% 
sodium hypochlorite for 2 min and 70% ethanol 
solution for 1 min. The cadavers were then washed 
with sterile distilled water and placed in Petri plates 
containing 20 ml of Sabouraud Dextrose agar 
medium (SDA) amended with yeast extract (SDAY: 
10g peptone, 40 g glucose, 2 g yeast extract, 20 g 
agar and 1000 ml dist. water), 1\30000 rosebengal 
and 30µg/ml streptomycin. The plates were 
incubated at 28°C for 10 days. Isolation process was 
repeated several times and the developed colonies 
were picked up, transformed to potato dextrose agar 
(PDA) plates and purified by using single spore 
technique. Stock cultures (from each isolate) were 
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stored on agar slants at 5°C until use. Pure colonies 
of fungal isolates were identified according to Raper 
and Thom [24] and Moubasher [19]. 
 
Culture and preparation of spore suspension:  
 
 The fungal isolates were cultivated and 
maintained on PDA medium. For conducting various 
experiments, 7days old fungal cultures were used. 
Conidia were harvested by scrapping the surface of 
culture with a sterile loop in 10 ml distilled water. A 
drop of 1.0% Tween-80 was added to it. The spore 
suspension was then filtered through muslin cloth to 
remove mycelia. Spore count was calculated using a 
Neubauer haemocytometer. 
 
Preliminary test of fungal virulence against the 
second larval instars:  
 
 Virulence of the experimental fungi against the 
2nd larval instar was performed by testing spore 
suspensions of each fungal isolate at concentration 
3.65×105 conidia/ml. The larvae were divided into 
replicates (four replicates for each fungus). Twenty 
five larvae per replicate were transferred into 250 ml 
sterilized water in plastic cups covered with 
mosquito net [25]. Ten ml from each spore 
suspension of each fungus was sprayed. A group of 
larvae was treated with sterile water solution only as 
control. All cups were maintained at 25±2oC 
temperature, 80±5% relative humidity and 14 L: 10 
D photoperiod. Dead larvae were recorded daily 
mortality after treatment and mortality rate was 
calculated. The dead larvae were then transferred to 
Petri dishes lined with moistened filter paper and 
incubated at 25 ± 2°C to encourage fungal growth. 
These steps were repeated for the eight fungal 
isolates. 
 
Histopathological investigations:  
 
 The 2nd instar larvae treated with P. citrinum, A. 
niger and A. ochraceus spore suspension (3.65×105 
conidia/ml) and control insects treated with sterilized 
water were prepared for light and electron 
microscopy examination.  
 
a. Light microscopy:  
 
 The infected larvae were removed from the cup, 
cleaned and washed in 95% alcohol. Specimens were 
examined using a light microscope after 7 days post 
treatment.  
 
b. Scanning electron microscopy:  
 
 The infected larvae were prefixed in 2.5% 
glutaraldehdye (Sigma) for 1 h then washed with 
0.1M Cocodylate buffer (pH 7.2) for about 15 min 

and then the specimens were post-fixed in 1% OsO4 
in the same buffer for 1 h. After that, specimens were 
washed with buffer, dehydrated in ethanol series and 
embedded in acetone solution. Specimens were 
sputter coated with gold and examined using 
scanning electron microscope (JEOL (JSM5500) LA 
analytical scanning EM. Japan at an accelerating 
voltage of 10 to 15V). This technique was carried out 
at the Regional Center for Mycology and 
Biotechnology (RCMB) in Al-Azhar University, 
Nasr City, Cairo, Egypt. 
 
Statistical analysis:  
 
 Mortality was corrected by Abbott’s formula 
(Abbott, 1925). The time- mortality response was 
examined by probit analysis [9] to estimate LT50. The 
data were subjected to analysis of variance 
(ANOVA) followed by pair wise comparisons based 
on Tukey's HSD tests. Analyses were performed 
using computer softwares, Minitab and SPSS – 10.  
 
Results: 
 
Fungal isolates: 
 
 Six fungal species belong to three genera were 
isolated from cadavers of the 2nd instar larvae of C. 
pipiens . These were  three species of Aspergilli (A. 
niger, A. ochraceus and A. parasiticus), one of 
Candida sp. and two of Penicillium (P. citrinum and 
P. stoloniferum) with incidence rate of 37, 46 and 
17% (CFU, colony forming units) per larva, 
respectively (Figure 1). 
 
Toxicological effect of fungal isolates on C. pipiens 
larvae: 
 
 Results presented in table (1) show the mortality 
caused by the six fungal isolates (A. niger, A. 
ochraceus, A. parasiticus, Candida sp., P. citrinum 
and P. stoloniferum) and the two commercial species 
(Beauveria bassiana and Metarhizium anisopliae) 
against the Cx. pipiens larvae. The tested species 
showed significant differences in their effect. 
Candida sp. recorded the highest effect, with 
percentage mortality of 81.1%, followed by A. niger 
(68.4%), P. citrinum (67.4%), A. ochraceus (61.1%), 
B. bassiana (40%) and P. stoloniferum (32.6%), M. 
anisopliae (31.6%) and A. parasiticus (29.5%). 
Besides being the most effective tested pathogen, 
Candida sp. was the most rapid pathogen in its 
action, causing mortality of 50% of mosquito larvae 
in 1.7 days. It was followed by A. ochraceus, (5.6 
days), A. niger (6.8 days), P. citrinum (7.5 days), B. 
bassiana (7.7 days), P. stoloniferum (10.6 days), A. 
parasiticus (12.1 days) and M. anisopliae (12.1 
days). 
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Fig. 1: Incidence rate of isolated fungi from the 2nd instar of C. pipiens larvae.    
 
Table 1: The mean percentage of mortality and the lethal time of isolated fungi against Cx. pipiens  larvae after treatment with 3.65×105 

conidia/ml 
LT50(d) % Mortality ± SE Fungal species 

6.8 68.4±2.6ab Aspergillus niger 
5.6 61.1±3.5b Aspergillus ochraceus 

12.1 29.5±5c Aspergillus parasiticus 
7.7 40±2.9c Beauveria bassiana 
1.7 81.1±2.2a Candida sp. 

12.1 31.6±5.2c Metarhizium anisopliae 
7.5 67.4±0.7ab Penicillium citrinum 

10.6 32.6±2.2c Penicillium stoloniferum 
Means followed by the same letters are not significantly different, according to Tukey’s test (P ≤ 0.05);  d= days. 
 
Histopathological Investigations: 
 
 Histological studies revealed that fungal spores 
of A. niger, A. ochraceus and P. citrinum, they 
causing more than 50% mortality have the ability to 
attack and invade Cx. pipiens larvae and complete its 
life cycle on its cadaver. Fungal growth was 
observed in different body parts after 48-72 hr post 
inoculation. 
 
a. Light microscopy: 
 
 Results are illustrated in figures 2 and 3. Figure 
2 illustrated normal (untreated) and infected larvae 

by A. niger spores. Results revealed that A. niger 
spores penetrated the cuticle of the larvae and 
conidial germination was observed (Fig.2b), it was 
detected in high density on the respiratory siphon at 
the end of abdominal region (Fig.2d).  
 The germination of hyphae of A. ochraceus 
through the larval cuticle forming conidia was 
observed on abdominal inter-segmental region 
(Figure 3a), also conidiophores bearing chain of P. 
citrinum conidia through cuticle at larval abdominal 
region was observed (Figure 3b). The invasion of 
trachea by conidia of A. ochraceus (Figure 3c) and 
germination of hyphae of P. citrinum inside larval 
body was also observed. 

 

 
 
Fig. 2: Light microscope photographs of the abdominal segments of the 2nd larval  instar of Cx. pipiens infected 

with  A. niger.(a) Normal abdominal segment (10×50), (b) Infected abdominal segment (10×100) ,(c) 
Normal respiratory siphon (10×50), (d) infected respiratory siphon (10×150) ( Abd: abdomen, C: 
cuticle, Co: conidia, Ha : Hair, Hy: Hyphae, Siph: respiratory siphon, Sp: spores). 
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Fig. 3: Light microscope photographs of the abdominal segments of the 2ndlarval instar of Cx. pipiens infected 

with  A. ochraceus and P. citrinum.(a) germination of the hyphae of A. ochraceus through the cuticle 
forming conidia (10×50), (b) Conidiophores bearing chain of conidia through abdominal cuticle with  P. 
citrinum (10×50), (c) Infected trachea with A. ochraceus (10×150), (d) Penetration of the hyphae 
through the abdomen with P. citrinum (10×100), ( Abd: abdomen, Co: conidia, Conidioph: conidiophore 
Coh: conidial head, Hy: Hyphae, In seg: inter-segment ,, Trach: trachea).        

 
2. Scanning electron microscopy: 
 
        Under scanning electron microscopy, 
germination of A. niger conidia was observed on the  
surface of the dead larvae (Figure 4a), it was 
observed with high density in the head region and the 

initiation of conidial germination was observed on 
the hairs of such region (4 c and 4 d). Also, the 
conidial germination was observed at high density on 
the abdominal cuticle (Figure 4 f) and on the gills 
and respiratory siphon (Figure 4 h and 4i). 

 

 
Fig. 4: Scanning electron micrographs of all body surfaces (head, abdomen and respiratory siphon) of the 2nd 

larval instar of Cx. pipiens infected with  A. niger. (a) Infected larva. (b) Normal head region. (c,d) 
Infected head with germination of conidia on head hairs. (e) Normal abdominal region. (f) Infected 
abdominal region (h) Normal gills and respiratory siphon. (i) Infected gills. (j)Infected respiratory 
siphon (Abd: Abdomen, Co h: conidia head, Co ger: conidia germination, Gill: gills, H: head, Ha: Hair, 
Myc.: Mycelium, set: setae, Siph: siphon, Sp: spores). 

H 
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The germination of A. ochraceus fungus was 
detected on larval dead bodies, high density of 
mycelium was observed on mouth brushes (Figure 
5b) and on the abdominal region (Figure 5c). Conidia 
were deposited near hairs and setae causing 

malformation of setae (Figure 5d). Growth of P. 
citrinum conidia (Figure 5f) and mycelium (Figure 
5e) was also observed at high density on the surface 
of the dead larval body. 

 

 
 
Fig. 5: Scanning electron micrographs of the head and abdomen of the 2nd larval instar of Cx. pipiens infected 

with A. ochraceus and P. citrinum. (a) Normal head hair. (b) Infected head region with  A. ochraceus. 
(c) Germinating conidia on the cuticle. (d)  Infected abdominal seta. (e) Infected abdominal region with  
P. citrinum. (f) Penetration of a germ-tube into the cuticle. ( Abd c: Abdominal cuticle, Co: Conidia, Co 
h: conidial head, C: Cuticle, H: Head, Ha: Hair, Hy: hypha, Myc: Mycelium, G co.: Germinating 
conidia, Se: Seta, Sp: spore). 

 
Discussion: 
 
 Results of this study revealed that pathogenic 
terrestrial fungi can attack and invade bodies of 
aquatic mosquito larvae in agreement with the, 
Lichtwardt [15] who reported that some terrestrial 
fungi can occasionally attack aquatic insects or 
develop symbiotic relationships. Three fungal genera 
were isolated and identified from 2nd instar of C. 
pipiens larvae: Aspergillus, Candida and Penicillium 
with incidence rate of 37, 46 and 17% CFU/instar, 
respectively. Of the isolated species, three belong to 
Aspergillus (A. niger, A. ochraceus and A. 
parasiticus), one belongs to Candida sp. and two 
belong to Penicillium (P. citrinum and P. 
stoloniferum). Isolates of Aspergillus, Penicillium 
and Fusarium species were also recorded from 
mosquito larvae [31,4,6]. Moraes et al. [18] found 
eleven strains of the most frequent Aspergillus 
species in a survey of Brazilian mosquitoes. On the 
interactions of fungi and culicid larvae there are 
many worldwide reports, [25,27].  
 Although Candida sp. was the most prevalent 
isolate and the most virulent of the tested species 
(81.1 ± 2.2% mortality), however it was excluded 
from microscopic investigations due to its high 
pathogenicity to humans [16,23]. 

 In determining the effect of the fungi isolates on 
Cx. pipiens mosquito larvae, A. niger and A. 
ochraceus were selected as they caused significantly 
high percentage of larval mortality and rapid activity. 
Powel et al. [22] found that A. ochraceus, A. 
kanagawaensis and A. sulphureus strains were 
effective against mosquito larvae inducing at least 
80% mortality. However, this genus does not have 
representatives that are exclusively 
entomopathogenic but has been the focus of several 
studies, mainly due to its high potential for 
biotechnology applications, as well as for its capacity 
to produce various secondary metabolites with 
entomopathogenic and/or entomotoxigenic potential 
[20,22,18]. In a recent report by Soni and Prakash 
(2013), they synthesized silver nanoparticles by 
using the soil fungus A. niger and tested these 
particles against mosquito larvae, the larvae of   Cx. 
quinquefasciatus have shown 100% mortality after 1 
h of exposure. By this approach, it is suggestive that 
synthesis of A. niger fungus as nanoparticles would 
be proper for developing a biological process for 
mosquito control. 
 The observed high virulence of  P. citrinum 
against Cx.  pipiens larvae, confirmed previous 
studies in regard to isolation and activity of 
Penicillium spp. on mosquito larvae. Pereira et al. 
[21] isolated P. citrinum, P. sclerotiorum, P. melinii 

(c) 

(e) (f) 

 

Se C Co 
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and P. oxalicum  among 38 fungal species from 
mosquito larvae. Costa and Oliveira [6] also isolated 
P. citrinum from adults and larvae of Culicidae and 
bioassays were undertaken with P. corylophilum and 
P. janthinellum indicating that they were pathogenic 
to larvae of Ae. fluviatilis, Ae. aegypti, An. aquasalis 
and Cx. quinquefasciatus, demonstrating that these 
species have a potential for use in biological control 
of Culicidae vectors. Penicillium was found in larvae 
and adults of some species of Anopheles, Aedes, 
Culex and Mansonia in the southeast and northern 
regions of Brazil [6,7]. Maketon et al. [17] found that 
P. citrinum CM-010 at 1 × 106 conidia ml−1 killed 
100 % larvae within 2 h while Bacillus thuringiensis 
var. israelensis at 5 ITU ml−1 required 24 h. This P. 
citrinum CM-010 also greatly reduced survival of 
Cx.  quinquefasciatus larvae in an unreplicated field 
test. 
 Although B. bassiana and M. anisopliae fungal 
species are considered of the most common 
biocontrol agents for African vector mosquitoes [25], 
results of the current study revealed that both species 
were significantly low in their action against Cx. 
pipiens larvae. Argument about their activity against 
mosquito larvae has a lot of debates. Some authors 
found that a range of isolates belonging to both 
species have been shown to infect and significantly 
reduce mosquito larvae [26,28,5], others reported 
that there are some drawbacks of delivering these 
species for mosquito control in different parts of the 
world, for example,  Gayathri et al. [10]  reported 
that mortality of Cx. quinquefasciatus by applying  
B. bassiana was found to be very low at low 
concentrations and the maximum mortality was 
observed  at 108 spores/ml. Scholte et al. [25]  
reported that one drawback in the use of M. 
anisopliae for mosquito control is that their conidia 
are not produced on submerged fungus-killed larvae, 
and it is presumed that inundated releases are to be 
repeated frequently. So that, several laboratory and 
field studies are needed in order to support such 
results. 
 Light and scanning electron microscopy 
observations, showed that the fungal spores of each 
of A. niger, A. ochraceus and P. citrinum have the 
ability to attach and invade Cx. pipiens larvae and 
complete its life cycle on the cadaver. Spores of 
fungi used in this study could adhere to different 
parts of larval cuticle and germinate. Fungal growth 
was observed in different body parts after 48-72 hr. 
High density of conidial germination was observed 
on the head regions, abdominal inter-segmental 
regions, on the abdominal tracheae and on the gills 
and respiratory siphons. Such observations were 
reported in previous studies on mosquito larvae, 
fungal germination was observed on Cx. 
quinquefasciatus larvae in contact with aqueous 
solution of A. clavatus spores [27]. Silva et al. [28] 
showed that larvae of mosquito treated with M. 
anisopliae had high amounts of conidia adhering to 

the colloid chitin with at least 90 % germination after 
24 hr incubation. The integument of the larvae was 
found to be a favorable environment for fungal 
development than adult integument, which was a 
more hostile environment for the fungus [14]. 
However, the cuticle does not represent the only 
route for fungal infection. Other possible routes of 
invasion for M. anisopliae have been identified in 
mosquitoes via the respiratory siphon or the 
alimentary canal [2,13,28]. Maketon et al. [17] found 
that P. citrinum CM-010 greatly reduced survival of 
C. quinquefasciatus larvae and light and transmission 
electron observations showed that the fungal conidia 
were ingested by the larvae and deposited in the 
larval gut. 
 As a conclusion, the fungal strains of the genus 
Aspergillus and Penicillium, especially  A. niger, A. 
ochraceus   and P. citrinum  are highly pathogenic 
against  larvae of the filarial vector Cx. pipiens 
mosquito. Subsequently it could be suggested that 
these fungal strains may be used as biological control 
agents against such larvae. Further laboratory and 
field studies are needed to support this suggestion. 
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