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Abstract 
The challenges of the cardinal vector control approaches have left a dire urgency for supplementary 
interventions. The study screened and isolated entomopathogenic bacteria from tree hole soil debris. 
Gram positive endospore forming bacteria were selected for, using the pasteurization technique against 
Anopheles gambiae (target species) and potent isolates were identified with molecular techniques using 
the 16s rRNA region. From a total of 616 samples examined, only 4.69% (21/448) were potent. Six of 
these were concurrently evaluated against Aedes (test) and Anopheles (target) species and were all 
equally potent by 24 hrs, however, Anopheles gambiae species were more susceptible within 3hrs (p-
value = 0.006˂ 0.05 = α). Identification revealed 100% homology with Bacillus group. In this study two 
isolates that typed as Bacillus anthracis str. Shikan-NIID have not been known to have 
entomopathogenic activity.Propositions for further studies to evaluate reproducibility under field 
conditions, efficacy and safety studies are underway. 
 
Keywords: Anopheles gambiae, Bacillus anthracis, Bio-control, 16s rRNA, Entomopathogens 
 
1. Introduction 
Mosquito-borne diseases cause some of the most life threatening, debilitating viral and 
parasitic infections, imparting a huge socio-economic burden on human lives particularly in 
developing countries [43]. Malaria parasites, transmitted by female Anopheles mosquitoes 
causes the most important vector borne disease claiming closely half a million lives per annum 
[29, 43]. Despite the several control interventions in place, malaria remains a major global public 
health threat [43]. The World Health Organisation (WHO) recommends an integrated vector 
control (IVC) approach including the use of bio-rationals such as entomo-pathogenic bacteria 
but very few of such agents are available for practical application [33]. Bacterial entomo-
pathogens naturally exist and are by far the most advanced mosquitocidal bio-rational agents 
as viable options to chemical control [17]. Unfortunately, much as the vectors have developed 
resistance to chemical insecticides [34, 31, 26] and some with detrimental health and 
environmental effects like Dichlorodiphenyltrichloroethane (DDT) [39], bacteria 
entomopathogens have also been compromised by the development of resistance. For instance, 
studies have demonstrated resistance to Bacillus sphaericus toxins in Culex quinquefasciatus 
population from 35 to 150,000 and from 10 to 10,000 fold in laboratory and field conditions 
respectively [13, 45]. A high level of cross resistance to variants of B. sphaericus C3-41 and 2362 
were also demonstrated under laboratory conditions [13].  
In Uganda, very little is known about the presence and potency of entomopathogenic bacteria. 
This study therefore, explores the potential of using indigenous bacterial entomopathogens to 
supplement the limited arsenal of alternative malaria vector control interventions.  
 

2. Methods 
2.1 Study area 
Sampling was done from the mainland whose vegetation is heavily encroached by human 
activities and the islands which have a more protected forest cover. Tree hole soil debris was 
collected from A) Wakiso mainland (Entebbe Botanical forestation (0O03’42.13’’N, 
32O28’40.92’’E), and Zika Forest (0O07’15.96‘‘N, 32O31’34.25‘‘E), along the shores of Lake 
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Victoria, B). Mityana District, (Naama Eucalyptus forest 
(0O25‘10.50‘‘N, 31O58 ‘58.80‘‘E) and C) Kalangala island-
lutoboka forestation (0O18’44.88’’S, 32O17’50.22’’E) (Fig.1).
  
2.2 Sample collection and processing 
Tree hole soil debris was collected into sterile zipper bags and 
preserved at 4 °C until processing. Approximately 1g of soil 
was suspended in 10ml distilled water and the suspension 
heat-shocked at 80 °C for 20 minutes to eliminate non-spore 
formers and simultaneously activate the growth of spores [11]. 
Serial dilutions of up to 1:106 were made and plated onto 
nutrient agar followed by incubation for 24 hours at 37 °C. 
Partial microscopic identification of the isolates was 
performed on colonies presenting with Gray-white, opaque, 
flat/ low convex, granular with entire, wavy margins) using 
Gram and endospore reactions. This was used to categorise 
the bacterial isolates according to spore shape and position [32, 

25].  
 
2.3 Screening for potent isolates 
An established colony of Aedes aegypti at the Uganda Virus 
Research Institute (UVRI) and Anopheles gambiae s.s 
donated from the International Centre for Insect Physiology 
and Ecology (ICIPE)-Mbita Kenya were used under 
laboratory conditions at 25 ± 1 °C, 60 ± 5% RH, 12D:12L 
photoperiod for evaluation of the potency of bacteria isolates. 
A colony forming unit (CFU) was cultured in 50 ml of 
nutrient broth and incubated at 200 rpm for 72hrs at 37 OC in 
an orbital shaker incubator for spore production. To every 
assay dish, 45 ml of each isolate culture was added and 
exposed to 20 late 3rd instar larvae of Aedes aegypti (test 
species) alongside controls. Aedes aegypti species are major 
test organisms in evaluation of bacteria entomopathogens in 
mosquitoes [42] and thus employed in this study before actual 
evaluation against An. gambiae, the target vector, which is 
harder to colonise. Isolates showing more than 50% mortality 
were considered potent. Mortality was observed up to 24 hrs. 
Screened isolates showing more than 50% mortality were re-
evaluated twice for reproducibility. Thereafter, isolates potent 
against Aedes aegypti were concurrently, evaluated against 
Anopheles gambiae s.s the target species. 
    
2.4 Evaluation of potency against An. Gambiae 
Each isolate potent against Ae. aegypti (test species) was sub-
cultured in 100ml of nutrient broth and incubated in an orbital 
shaker at 200 rpm for 72hrs at 37 °C. From this, 45 ml of each 
bacteria-broth suspension was exposed to both Anopheles 
gambiae s.s and Aedes aegypti and mortality was then 
observed after 3hrs, 12hrs and 24hrs in case of viable 
controls. The exposed concentrations were determined by 
making serial dilutions and estimating the CFU/ml. Bacterial 
suspensions were serially diluted 100 fold in 3 different sterile 
tubes by transferring 10µl stock into 990µl sterile distilled 
water. All dilutions were plated using the spread method onto 
nutrient agar and incubated for 24hrs at 37 °C. Colony 
forming units were counted on the most feasible dilution 
containing 30-300 CFU. The Exposed concentration was 
expressed as (CFU/ml) = number of CFU* Dilution factor/ 
volume exposed. The bio-assay were repeated where control 
mortality was greater than 20% or corrected using Abbot’s 
formula where it was less than 20% [42, 1].    
 

2.5 Characterization of potent bacteria   Potent isolates 
(≥ 50% mortality) against target and test species were 
categorised using microscopy and motility and identified 
using molecular techniques (16s rRNA). 
 
a). Testing for motility 
Culture plates were prepared using 1% (w/v) tryptone, 0.5% 
(w/v) NaCl and 0.3% (w/v) agar. Isolates were then 
inoculated onto the middle of the plate from top to bottom by 
streaking two closely drawn parallel lines with 2 mm width 
along the diameter of the plates. The plates were then 
incubated at 30 °C overnight. Motile isolates were observed 
to spread out from the inoculation lines [21]. 
 
b). 16s rRNA molecular analysis 
A distinct bacterial CFU was emulsified into100µl sterile 
distilled water, boiled at 100°C for 10min, and centrifuged at 
14,000g for 10min. A 50µl PCR reaction was set up as 
follows (PCR master-mix (PCR premix 2x (22.5µl), 0.25µM 
of 27F (5’-GAGTTTGATC(M)TGGCTCAG-3’) and 1525R 
(5’-AGGAGGTG(W)TCCA(R) CC-3’) primers [9], Taq 
polymerase enzyme 1.25U and 1µl template) [9]. 
Amplification proceeded with the following cycling 
conditions: Initial denaturation at 94 ºC for 5 min; followed 
by 30 cycles of denaturation (94 ºC for 30 s), annealing (59 ºC 
for 30 s), extension (72 ºC for 1 min, 30 seconds) and final 
extension at 72 ºC for 5 min. (Chan et al., 2007). The PCR 
products alongside the 100bp marker were electrophoresed on 
1.5% (w/v) agarose gel and viewed using a transluminator. 
The PCR products were then purified using the fastgene PCR 
purification kit. Purified samples (25ul of 50-70ng/µl) were 
then sent to an outsourced lab (Macrogen-Korea) for 
sequencing both strands using the same primers above. The 
sequences were cleaned and edited using Bioedit [15] and 
Codon code Aligner (Codon Code Aligner v.2.0.6, Codon 
Code Corporation) bioinformatics software to generate a 
consensus sequence using the forward and reverse strands. 
The individual sequences were then blasted using the 
Megablast application in the NCBI public database 
(http://blast.ncbi.nlm.nih.gov/Blast.cgi). The sequences were 
aligned and the phylogenetic and molecular evolutionary 
genetic relationships were analysed with construction of a 
phytogenic tree in MEGA6 bioinformatics software (38) using 
default settings.  
 
3. Results    
A total of 594 bacterial colonies were assessed, and 75.4% 
(448/594) were Gram positive endospore forming bacilli 
(Fig.3). Of these, 24.6% (145/594) were non endospore 
formers of which 21.4% (31/145) were thermophiles. 
Regionally, Kalangala had more endospore formers 48.7% 
(218/448) followed by Wakiso 30.1% (135/448) and lastly 
Mityana 21.2% (95/448).  
 
3.1 Evaluation of larvicidity against Aedes aegypti 
Endospore-forming bacteria were exposed to Aedes aegypti 
(test ssp) and 4.69% (21/448) showed more than 50% potency 
within 24hrs. The Kalangala island isolates were more potent 
at 7.62% (16/218) followed by Wakiso isolates at 2.96% 
(4/135) and Mityana 1.05% (1/95) respectively. Majority of 
the isolates were within percentage mortality ranges of 81-90 
(57.1%), followed 71-80 (23.8%), 91-95 (14.3%) and lastly 
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96-100 (4.8%) by 24hrs and the concentration at which 
isolates were potent ranged from 1.1- 1.4x108 CFU/ml. 
 
3.2 Evaluation of isolates against Anopheles gambiae  
Six of the potent isolates screened against Ae. aegypti were 
randomly selected and concurrently assessed alongside An. 
gambiae s.s. The assays revealed a closely similar mortality in 
both An. gambiae s.s and Ae. aegypti at an average mortality 
of 98.3% (95-100) and 96% (90-100) respectively by 24hrs. 
Worth noting is that, An. gambiae s.s species showed a high 
level of susceptibility within 3hrs of exposure at an average 
mortality of 71.7% (60-85%) compared to 35% (5-60%) in 
Ae. aegypti population (p-value = 0.006; 0.05). 
 
Microscopic typing 
The Grams and endospore reactions were used to type the 
isolates for endospore position and shape. A majority of the 
isolates 71.4% (15/21) had central and spherical spores, while 
the rest 28.6% (6/21) had para central and spherically 
positioned endospores as shown in table 1. Notably, was that 
all isolates were motile except for isolate MR-12 and MR-21.  
 
Molecular identification: The 16s rRNA gene was amplified 
giving a product size of approximately 1500bp (Fig4). 
Twenty one purified DNA samples were sent for sequencing 
but sixteen (16) returned with good sequences for the forward 
and reverse strands. Comparison with sequences in the NCBI 
public data base using a Megablast search returned all hits 94-
100% similar to the Bacillus genus. Isolates MR-01, 04, 05 
showed 99-100% homology with Bacillus thuringiensis YBT-
1518 while MR-07 was also homologous with the similar 
species but a rather different strain i.e. Bacillus thuringiensis 
strain Lr7/2 though they all typed with Para central, spherical 
endospores (Table 1). Isolates MR-09, 10, 12, 13, 14, 15, 16, 
19, showed homology with Bacillus species of various strains 
though they all typed with central and spherical endospores. 
Notably however, were the isolates MR-12 and MR-21 which 
were 100% homologous with Bacillus anthracis strain 
Shikan-NIID and were the only two non-motile isolates.  
A phylogenetic relationship was investigated using the 
Neighbour-joining method through the alignment and 
cladistics analysis of the nucleotide sequences among the 
bacteria isolates (figure 5). The analysis involving 16 
nucleotide sequences with a total of 1414 positions analysed 
in the final dataset using MEGA6 using default settings. The 
optimal tree had the sum of branch length =0.047 and the 
percentage of replicate trees in which the associated taxa were 
clustered together in the bootstrap test (1000 replicates). The 
tree was drawn to scale of 0.002 with branch lengths in the 
same units as those of the evolutionary distances used to infer 
the phylogenetic tree. 
Molecular findings showed that majority of the identified 
isolates belonged to Bacillus cereus 43.75% (7/16), followed 
by Bacillus thuringiensis 31.25% (5/16), Bacillus sp. 12.5% 
(2/16) and lastly Bacillus anthracis 12.5% (2/16). Phylogeny 
revealed that isolates MR-14, 15 and 16 were 41% similar 
typing as B. cereus strains. Isolates MR-1, 4 and 5 were 56% 
similar and all typed as B. thuringiensis strains. Interestingly 
were isolates MR-12 and 21 which had the strongest bootstrap 
support value of 68%, despite the fact that they were obtained 
from two different and distant forestations of Kalangala and 
Mityana respectively (please see map in figure1). When blast 

searched in gene bank, these two isolates typed 100% as 
Bacillus anthracis.  
 
4. Discussion  The use of chemical or synthetic 
insecticides as a cardinal approach towards mosquito vector 
control has been observed to have several limitations ranging 
from resistance in target vectors [26], effect on non-target 
organisms and the environment [39, 32]. In humans and animals, 
prolonged exposure to synthetic insecticides has been 
associated with cancer, immune-toxicity, liver damage, 
reproductive and birth defects [39].  
Bacterial entomopathogens particularly Bacillus thuringiensis 
are some of the most advanced bio-rational vector control 
alternatives and thus a viable option to explore. Bacillus 
thuringiensis var isrealensis (Bti) registered moderate 
commercial success as it was used in the control of 
mosquitoes in the USA and Europe [6]. Similarly, success of 
the same agent was registered in the WHO Onchocerciasis 
control program targeting blackfly vectors (Simulium 
damnosum complex) in western Africa [12]. The rapid progress 
in the implementation of Bti and its related organisms in 
mosquito control, has been hampered by limitations such as 
the development of resistance in the target vectors [41, 8, 13]. It 
is therefore, rather imperative to search for more bacteria 
entomopathogens that can supplement the existing ones and 
emphasize isolation and use of indigenous entomopathogens. 
This is because bacteria entomopathogens’ efficiency is 
heavily influenced by their geographical regions of origin as 
well as application [33]. The selective isolation techniques 
utilised herein was also employed by Martin and Aileen (22, 3). 
They isolated 87.74% (773/881) and 70% Gram positive 
endospore forming bacteria respectively. A related 
investigation for selective screening of only Bacillus 
thuringiensis by Keshavarzi [16], revealed a 24.71% (127/514) 
isolation yield. In this study comparatively, closely three 
quarters of the collected soil samples i.e. 75.4% (448/594) had 
endospore forming bacilli and 19.2% (114/594) were non-
endospore forming bacilli. These findings also concur with 
Aileen [3] who isolated 12.3% (108/881) non-endospore 
forming bacteria therefore, soil debris is indeed a productive 
source of endospore forming bacteria and the selective 
pasteurization technique (80 OC for 20 minutes) greatly 
increases the chances of isolating Gram positive endospore 
forming bacteria. 
Despite the fact that many endospore forming bacteria exist, 
only a few of these are actually entomopathogenic [27]. To this 
note, the study revealed that only 4.69% (21/448) endospore 
forming bacilli were actually larvicidal to the test mosquito 
vector. Similar findings were reported by Asimeng and 
Mutinga [5] who isolated 4.17% (5/120) pathogenic bacteria 
against Anopheles arabiensis from Kenyan breeding habitats. 
This is further emphasised by Ohba [27] who reported that 
more than 90% of encountered Bacillus thuringiensis isolates 
(most advanced endospore forming bacterial 
entomopathogens) are actually non-insecticidal with only a 
few insecticidal variants. Consequently, all Bacillus 
thuringiensis isolates should therefore, not entirely be 
considered as obligate entomopathogens.  
Samples from the Kalangala Island produced more potent 
endospore forming bacteria than mainland samples (Wakiso 
and Mityana). This could be attributed to the fact that island 
samples were from forest reserves which have a relatively 
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thicker leaf canopy (Fig.2) and minimal interference from 
human activities. Tree holes within scattered vegetation have 
direct exposure to U.V light and increased temperature both 
of which are bacteria toxin deactivators thus a reduction in the 
virulence and larvicidity [24, 19, 20]. Unlike Kalangala forest 
reserves (Island), Botanical, and Zika forest have been having 
continuous interference from human activities [7, 14] affecting 
the leafy canopy thickness and thus increasing penetration of 
U.V into the tree holes. Similarly, Mityana Eucalyptus 
forests’ reduced number could be due to the fact that chemical 
pesticides and fertilizers are occasionally applied for the 
proper maturation of this commercial forestation. Indeed, 
research has proved that chemical pesticides and fertilisers 
reduce the virulence of entomopathogens in general with 
highest impact seen in entomopathogenic nematodes [4, 30].  
The pathogenicity of the isolates has been shown to vary 
among vector species. Poopathi and Abidah [37] reported that 
Anopheles stephensi was more susceptible than Aedes aegypti 
though Culex quinquefasciatus was more susceptible than An. 
stephensi to bacteria pathogens. Notably, this study shows 
consistency with Poopathi and Abidah, [37] in regards to 
susceptibility levels. Although by 24hrs all the exposed 
isolates showed equal virulence in both Anopheles gambiae 
and Aedes species (p-value= 0.367 ˃ 0.05 = α), the Anopheles 
species were more susceptible than Aedes species by 3hrs (p-
value = 0.006˂ 0.05 = α). 
To avoid predisposing humans and other mammals to 
potential infections, proper identification of entomopathogens 
is of utmost importance to draw certainty that actually the 
organisms to be used in field application are not pathogenic to 
humans and other mammals. In this study, identification 
followed microscopy and molecular characterization. 
Microscopy revealed that all the 21 potent isolates were Gram 
positive and endospore forming bacilli which concurred with 
the molecular characterization which revealed a 99-100% 
homology to the general Bacillus group. It also further 
confirms that the selective pasteurization technique utilised 
herein is an effective isolation technique for endospore 
forming Bacillus bacteria.  
Phylogenetic analysis revealed that isolates MR-01, 04 and 05 
had a strong evolutionary relationship at 56% (Fig.4) and the 
Blast hits showed that these isolates related to Bacillus 
thuringiensis serovar kurstaki str. YBT-1520 by 100%. 
Bacillus thuringiensis serovar kurstaki str. YBT-1520 has 
been documented as one of the insecticidal bacterial agents [10] 
which have similarly been reflected in this study. On a related 
note, isolates MR-06 and 07 which revealed a 99% homology 
to Bacillus thuringiensis YBT-1518 and Bacillus thuringiensis 
strain Lr7/2 respectively which have also been documented to 
have nematocidal activity [40, 44, 28] though in this study they 
showed mosquitocidal activity for both species. 
Noteworthy, are isolates MR-12 and MR-21 which were 99% 
homologous with Bacillus anthracis strain Shikan-NIID with 
an evolutionary relationship of 65% though isolated from 

different localities i.e. Kalangala and Mityana respectively. 
The study reports a potential novel finding of the isolated B. 
anthracis a commonly known human pathogen currently seen 
to have insecticidal activity. In this study however, MR-12 
and MR-21 were potent to both Anopheles gambiae and 
Aedes aegypti mosquito species. Bacillus anthracis belongs to 
the B. cereus group consisting of the strains: B. cereus, B. 
anthracis, B. thuringiensis, B. weihenstephanensis, B. 
mycoides, and B. pseudomycoides. The B. cereus, B. 
anthracis, B. thuringiensis have been reported either 
pathogenic or opportunistic to either mammals or insects 
while the B. weihenstephanensis, B. mycoides, and B. 
pseudomycoides are considered non-pathogenic to neither 
insects nor mammals [2]. 
 
5. Recommendation 
All the strains in the Bacillus cereus group are genetically and 
phenotypically heterogeneous overall, but some of the strains 
are more closely related and phylogenetically intermixed at 
the chromosome level [36, 18]. Further evaluation of a wider 
genetic region is therefore needed to confirm that the B. 
anthracis isolated herein are exclusively insect pathogens or 
the known human pathogen has variants which are 
insecticidal as well. An antibiotic susceptibility profile should 
be carried out to establish the sensitivity patterns of each of 
the isolates. Efficacy, safety and effect on non-target 
organism’s trials should be performed before field trials.  
 
6. Conclusion 
The 21 entomopathogenic bacteria isolated in this study 
confirm the presence and potential of utilisation of native 
entomopathogenic bacteria as a supplementary intervention in 
malaria vector control in Uganda. Molecular characterisation 
however, seems to be a precise approach in identification as it 
fully complied and concurred with the microscopic findings 
that all the isolates got were indeed bacilli and endospore 
forming bacteria. 
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Fig 1: Map of the Uganda (Left) and Geo-referenced sampling sites: Kalangala Island, Wakiso (Botanical and Zika forest) and Mityana 
mainland. 

 

 
 

Fig 2: Impression of forest covers of Mityana and Kalangala forestation sampling sites. 
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Fig 3: Grams Micrograph, Observe the Para central endospores (E), 
Bacilli (R) & free spores (S) 

 

 
 

Fig 4: Bacterial isolates electrophoretic micrograph of the 16s rRNA 
1,500bp products 

 
 

Fig 4: Phylogenetic tree showing the relationships of the sequences of the bacterial isolates and their blast-searched similarities. The MR-xx on 
the branch end represents the laboratory identification of the isolate, while to the right of the square bracket is indicated the related organism 

blasted in gene bank. 
 

Table 1: Isolates spore position and shape (Gram and endospore 
reaction) 

 

Isolate Code 
Spore 
Shape 

Spore 
Position 

MR-01, MR-04, MR-05, MR-06, MR-
07, MR-08, MR-15, MR-20 

Spherical 
Para 

central 
MR-02, MR-03, MR-09, MR-10, MR-
11, MR-12, MR-13, MR-14, MR-16, 

MR-17, MR-18, MR-19, MR-21 
Spherical Central 
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