Hindawi
BioMed Research International
Volume 2020, Article ID 5458063, 10 pages
https://doi.org/10.1155/2020/5458063

Research Article
The Diversity of Midgut Bacteria among Wild-Caught
Phlebotomus argentipes (Psychodidae: Phlebotominae), the
Vector of Leishmaniasis in Sri Lanka
Nayana Gunathilaka ,1 Hirunika Perera,1 Tharaka Wijerathna ,1 Wasana Rodrigo,2
and N. D. A. D. Wijegunawardana 3
1

Department of Parasitology, Faculty of Medicine, University of Kelaniya, Ragama, Sri Lanka
Biotechnology Unit, Industrial Technology Institute, Colombo 07, Sri Lanka
3
Department of Bioprocess Technology, Faculty of Technology, Rajarata University of Sri Lanka, Sri Lanka
2

Correspondence should be addressed to Nayana Gunathilaka; n.gunathilaka@kln.ac.lk
Received 25 March 2020; Revised 29 June 2020; Accepted 20 July 2020; Published 19 August 2020
Academic Editor: Clara G. de los Reyes-Gavilan
Copyright © 2020 Nayana Gunathilaka et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Phlebotomus argentipes is the main suspected vector for leishmaniasis in Sri Lanka. Investigations on the presence of aerobic
bacteria in the gut of sand ﬂies which evidence a potential approach to control leishmaniasis transmission through a
paratransgenic strategy are still not available for the local sand ﬂy populations. Field-caught unfed female sand ﬂies collected
from three selected Medical Oﬃcer of Health (MOH) areas (Polpithigama, Maho, and Galgamuwa) in Kurunegala District, Sri
Lanka from August to December 2018 were used. Prokaryotic 16S ribosomal RNA partial gene was ampliﬁed and sequenced.
Morphological identiﬁcation revealed the presence of only one sand ﬂy species, P. argentipes (n = 1,969). A total of 20 organisms
belonging to two phyla (Proteobactericea and Furmicutes) were detected within the gut microbial community of the studied
sand ﬂy specimens. This study documents the ﬁrst-ever observation of Rhizobium sp. in the midgut of P. argentipes. The
presence of Bacillus megaterium, which is considered as a nonpathogenic bacterium with potential use for paratransgenic
manipulation of P. argentipes suggest that it may be used as a delivery vehicle to block the vectorial transmission of Leishmania
parasites. In addition, Serratia marcescens may be used as a potential candidate to block the parasite development in sand ﬂy
vectors since it has evidenced antileishmanial activities in previous investigations. Hence, further studies are required to gain full
insight into the potential use of this bacterium in the control of Leishmania parasites through paratransgenesis.

1. Introduction
Leishmaniasis is a vector-borne disease transmitted through
female sand ﬂies (Psychodidae: Phlebotomine), and it is
caused by a unicellular protozoan parasite belonging to the
genus Leishmania. It is considered a neglected tropical
disease, and at present, this disease is endemic in 102 countries [1]. Female sand ﬂies feed on mammalian blood for
egg development and maturation. As both males and females
feed on plant nectar as a sugar source, they may acquire plant
bacteria [2]. During larval development, they feed on organic
detritus which may contain a wide range of microorganisms.
Previous studies have indicated that newly emerged sand ﬂies
were associated with a large amount of bacterial DNA that

could be taken from the environment by feeding or transtadial passage [3].
In Sri Lanka, Phlebotomus argentipes is considered the
vector for leishmaniasis transmission [4]. Several studies have
recorded the prevalence of bacterial community in the midgut
sand ﬂy vectors. However, such an investigation has not been
conducted in Sri Lanka. The microbial community may be
diﬀerent from country to country as it depends on the geographical distribution of insects [5]. Currently, there is no
eﬀective vector control programme against sand ﬂies implemented within the country. Well-planned, integrated vector
management practices that combine physical, chemical, and
biological methods are essential for the successful control of
leishmaniasis through the prevention of transmission.

2
It is important to emphasize that when considering any
means of biological control, its eﬀectiveness, ecological
soundness, and sustainability should be determining factors.
Most of the available biological control methods focus on killing the insect vector, while other methods such as the sterile
insect technique (SIT), release of insects carrying a dominant
lethal (RIDL) [6], and paratransgenesis [7] are also being
tested to suppress the vector population. Of these, the use of
paratransgenic sand ﬂies has emerged recently as a promising
option for the control of leishmaniasis transmission [7].
Female sand ﬂies may ingest macrophages infected with
amastigotes during feeding on blood meal from an infected
vertebrate host. Later in the midgut of sand ﬂies, the parasitized cells digest and release amastigotes. The conditions in
the midgut stimulate the transformation of amastigotes into
ﬂagellated promastigote form. Thus, possible bacteriaparasite interactions take place between the gut microbial
community and parasite [8, 9]. In paratransgenic strategies
to control insect vectors, symbiotic gut-associated bacteria of
insects are transformed to express molecules with antiparasitic
activity [10, 11]. The introduction of these transformed organisms will result in antiparasitic activity in the gut of sand ﬂies
by which means the pathogen’s transmission is prevented.
Several studies have reported the presence of aerobic bacteria in the gut of sand ﬂies [12, 13], while a more recent study
has claimed that this association between sand ﬂies and
microbiota may depend on the environment in which they
live and may not demonstrate speciﬁcity for gut colonization
to a particular host ﬂy species [7]. Therefore, a ﬁrst-hand
understanding of which species of gut bacteria are present in
the local sand ﬂy population in Sri Lanka would be useful to
select a candidate species to be used for transformation experiments in the future. Hence, the proposed study is aimed at
screening the availability of such gut microbiome that may
have an antiparasitic property or easy transformable species
in order to evaluate the eﬀectiveness of a paratransgenic strategy as a means to control leishmaniasis in Sri Lanka.

2. Method
2.1. Collection of Sand Flies. Sand ﬂies were collected from
three selected Medical Oﬃcer of Health (MOH) areas (Polpithigama, Maho, and Galgamuwa) in Kurunegala District
(228-333°N, 104-178°E), North Western Province of Sri
Lanka which is a well-known endemic focus for cutaneous
leishmaniasis. It covers a land area of 4,816 km2 in the country
with 1,610,299 inhabitants. The district receives an average of
2,095 mm of rainfall annually. The average temperature and
humidity are 31.7°C and 69.6%, respectively. The major activities of the population are agriculture and animal farming.
Cattle-baited net traps (CBNT) were used to collect sand
ﬂies. The trap was set at 7.00 p.m. at each location during
August to December 2018 and searched for adult sand ﬂies
from 9.00 to 10.00 p.m. and from 4.00 to 5.00 a.m. of the
following day. The sampling locations of sand ﬂies during
the ﬁeld surveys are illustrated in Figure 1.
2.2. Processing and Identiﬁcation of Field-Caught Sand Flies.
The live ﬁeld-caught sand ﬂies were transferred to the labora-
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tory at the Department of Parasitology, Faculty of Medicine,
University of Kelaniya, Ragama, Sri Lanka. Sand ﬂies were
ﬁrst immobilized on ice. Each sand ﬂy was sterilized from
60 seconds in 30 μL of 70% ethanol and rinsed thoroughly
using phosphate-buﬀered saline (PBS) (50 μL of 1x sterile
PBS (pH 7.3)) prior to dissection. This step was performed
to conﬁrm that there was no bacterial contamination from
the surface. The ﬁnal wash of this cleaning procedure was
used for subsequent dissection analysis.
2.3. Dissection of the Midgut of Sterilized Sand Flies. The sterilized specimens were transferred onto a drop of sterilized PBS
placed on a sterile microscope slide separately. The specimens
were dissected under a dissecting microscope, and the midgut
was removed. Genitalia was used to conﬁrm the species identiﬁcation referring to morphological features [14, 15], and
only Phlebotomus argentipes was taken for the present experiment. The midgut of ﬁve sand ﬂies were pooled in a 1.5 mL
sterile microcentrifuge tube containing 150 μL of sterile 1x
PBS (pH 7.3) and homogenized using a disposable pestle.
The lysate was diluted to 500 μL with 1x PBS. From this stock
solution, a dilution series of the lysate (100-10-9) was prepared.
2.4. Culturing and Isolation of Bacteria. About 100 μL of each
lysate dilution was plated onto 25 mL of brain heart infusion
(BHI) agar in petri dishes (9 cm in diameter). BHI was picked
as a nonselective medium to promote the growth of microbes
including nutritionally fastidious bacteria. Plates were incubated in the dark at 28°C for up to 2 weeks under aerobic
conditions. The whole experiment procedure was repeated
10 times with 5 midgut pools of P. argentipes.
2.5. Morphological, Biochemical, and Physiological
Characterization of Bacteria. A record of the phenotypically
diﬀerent colonies was used to determine the occurrence of bacteria in the midgut of each sand ﬂy. These colonies were then
subcultured to obtain a pure culture. All isolates were diﬀerentiated by Gram staining, biochemical tests, and morphological
characterization. Gram’s stains, endospore stains, acid fast
stains, and motility testing were carried out along with aerobic
and anaerobic growth testing. Oxidase, catalase, acid production [16], and O/F (oxidative and fermentative) tests were
carried out to determine physiological characteristics [17, 18].
2.6. Identiﬁcation of Isolated Bacteria by DNA Sequencing.
Genomic DNA was extracted from individual colonies using
a QIAmp DNA Mini Kit (Qiagen GmbH, Hilden, Germany)
according to the manufacturer’s instructions. Nearly 1000 bp
of the bacterial 16S rRNA gene was ampliﬁed using universal
primers 27F (5 ′ AGAGTTTGATCCTGGCTCAG 3 ′ ) and
1492R (5 ′ TACGGCTACCTTGTTACGACTT 3 ′ ) [19].
Polymerase chain reaction (PCR) ampliﬁcation was carried
out using a reaction mixture containing 1x PCR buﬀer (Invitrogen), 0.5 μM of each primer, 2.5 mM MgCl2, 200 ng of puriﬁed
DNA, 0.2 mM dNTPs, and 0.3 units of Taq polymerase (Invitrogen), and the total volume was adjusted to 25 μL. The
BHI agar media and ddH2O were used as negative controls.
Samples were ampliﬁed according to the following protocol:
initial denaturation at 94°C for 10 min, followed by 35 cycles of
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Figure 1: The area map indicating the surveillance sites.

denaturation at 95°C for 30 s, annealing at 57.5°C for 40 s,
and extension at 72°C for 30 s. The ﬁnal extension was at
72°C for 8 min. The PCR products were visualized on a 1%
w/v agarose gel containing ethidium bromide using a UV
transilluminator.
The PCR amplicons were puriﬁed using a QIAquick PCR
Puriﬁcation Kit (Qiagen), and puriﬁed products were sent to
Macrogen, South Korea (Macrogen Inc., 1001, 254 Beotkkotro, Geumcheon-gu, Seoul, Republic of Korea) for 16S ribosomal RNA partial gene sequencing with the same 16S rRNA
universal primers (27F and 1492R) by Sanger’s method.
Sequencing results were analyzed by the BioEdit
sequence alignment editor v7.0.9 software. The database
search for homologous sequences was performed by submitting partial 16S rDNA sequences to the Basic Local Alignment Search Tool nucleotide (BLASTn) server of the
National Centre for Biotechnology Information (NCBI,
USA), using the 16S ribosomal RNA database (Bacteria and
Archea) (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The nucleotide similarity thresholds of the 16S rDNA sequences with
the nearest neighbor at ≥95% and 97.5% [20] were considered as lower thresholds at the genus and species levels,
respectively. Sequences were deposited in NCBI GenBank.
Phylogenetic analyses were conducted according to the
neighbor-joining method in MEGA7 [21].

3. Results
3.1. Entomological Investigation. A total of 1,969 specimens of
sand ﬂies were collected. Morphological identiﬁcation revealed
the presence of a single species, P. argentipes, which is reported
to be the vector for cutaneous leishmaniasis in Sri Lanka. The
male sand ﬂies are the most represented with 91.4%
(n = 1,800), whereas females with only 8.6% (n = 169) of the
entire collection. Among these, 51 blood-fed females were
identiﬁed from the collection (Table 1). The highest sand ﬂy
abundance was reported from the Polpithigama collection site
with 84.7% (n = 1,668) of the entire collection followed by the
Galgamuwa (11.1%, n=219) and Maho (4.2%, n = 82) sites.
3.2. Biochemical Characterization of Midgut Bacteria. In the
present study, a total of 50 randomly selected unfed female P.
argentipes was examined (10 midgut pools of P. argentipes).
The average colony forming unit (CFU) for the entire midgut
content ranged from 8 × 101 to 130 × 102 . There were more
than 25 bacterial colonies with diﬀerent morphological characters that were isolated from sand ﬂies (Figure 2). The isolated
organisms were ﬁrst subjected to biochemical tests for identiﬁcation up to the genus level. The morphological features of the
bacteria colonies isolated from the midgut of sand ﬂies and the
results of the biochemical tests are illustrated in Table 2.
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Table 1: Abundance of sand ﬂies among diﬀerent localities in
Kurunegala District.
Collection site

Male

Female

Total

Maho
Galgamuwa
Polpithigama
Total

75
186
1,539
1,800

7
33
129
169

82
219
1,668
1,969

Only three strains were identiﬁed as gram-positive, and
the majority of them were “Rod” shaped. All strains indicated
aerobic growth except PaKu-20 and PaKu-23. Some strains
such as PaKu-7, 8, 13, 14, 21, 22, 23, and, 25 indicated the
ability to grow under anoxic conditions also. The catalase test
was positive for all strains, and only PaKu-7, PaKu-8, PaKu10, and PaKu-11 denoted oxidation ability (Table 2).
3.3. Molecular Characterization and Diversity of Midgut
Bacteria. A total of 26 bacterial isolates were identiﬁed by
comparing 16S rRNA partial sequences with those present
in the NCBI GenBank. Sequences showed 99-100% identities
to the existing database sequences. Isolated bacteria from the
midguts of sand ﬂies which were conﬁrmed through molecular characterization are listed in Table 3.
A total of 19 bacterial species were encountered belonging to nine bacterial genera under two families mainly based
on the results of 16S rRNA partial gene sequences. Out of the
19 bacterial species isolated from the sand ﬂy midgut, 52.63%
belonged to phyla Proteobacteria (n = 10) and the rest
belonged to Firmicutes (47.37%; n = 9). Bacteria that are
commonly associated with human infections such as B.
cereus, E. cloacae, Pseudomonas spp., and Staphylococcus
spp. were also recorded from local sand ﬂy species P. argentipes investigated in this study. On the other hand, some rare
species such as the Rhizobium species were also recorded
from the present study along with some nonpathogenic
organisms such as B. megaterium. The highest relative abundance of 15.38% was denoted with Stenotrophomonas maltophilia followed by Bacillus subtilis (7.69%), Enterobacter
cloacae (7.69%), and Aeromonas caviae (7.69%). All the other
species were encountered equally with a relative abundance
of 3.85% (Table 4).
3.4. Phylogenetic Analysis of Midgut Bacteria Isolated from
Sand Flies. The phylogenetic relationships of the bacteria
and their corresponding taxonomic status at the family level
are shown in Figure 3. Based on the phylogenetic tree in
Figure 3, two main clusters were identiﬁed. The bacterial
families Bacillaceae, Staphylacoccoceae, Rhizobiaceae, and
Streptrophomonea were clustered together (cluster I), and
the families Pseudomonadaceae, Aeromonadaceae, Erwiniaceae, Yersiniaceae, and Enterobacteriaceae were clustered
together (cluster II).
Genetic distance was 0.02 between two main lineages of
cluster I compared to that of cluster II with many sequences
being related to existing sequences (Figure 3). Estimates of
evolutionary divergence between sequences were analyzed
using the Kimura 2-parameter model [22]. The rate variation

among sites was modeled with a gamma distribution
(shape parameter = 1). The analysis involved 91 nucleotide
sequences, with 4,096 individual sequence comparisons.
Codon positions included were 1st+2nd+3rd+Noncoding.
There were a total of 1,590 positions in the ﬁnal dataset after
removing all ambiguous positions in each sequence pair (Supplementary ﬁle 1). The most frequently identiﬁed bacterial
phylotype, Stenotrophomonas maltophilia (PaKu7, 16, 17,
and 26), was 100% similar to the reference sequence
HQ200414.1 obtained from the NCBI database (isolated from
Kerala, in India) (Figure 3). Out of 4,096 sequence comparisons, 251 sequences were recorded to have less than 0.01 base
substitutions per site and 1,119 sequence comparisons were
recorded to have less than 0.10 base-pair substitutions per site.
The lengths in the phylogenetic tree branches were proportional to the diﬀerences between neighbors. Thus, the
branch length represents the estimate of their evolutionary
distance based on the multiple alignments of n positions,
and nd estimates the total integer number of substitution
events that occurred during the evolutionary divergence of
the two sequences. Therefore, the phylogenetic relationship
between these two Rhizobium species computed with the
neighbor-joining method revealed that these two strains are
closely related with a very short branch length (0.0166). Of
the 4,096 sequences compared, about 251 were observed with
less than 0.01 base substitutions per site and a comparison of
1119 sequences were observed with less than 0.10 base-pair
substitutions per site.

4. Discussion
Leishmaniasis is considered one of the neglected tropical diseases. This has become a global public health issue in the
world, with nearly 367 million estimated as being at risk
[23]. However, only limited eﬀorts have been made to interrupt the transmission of these diseases. In Sri Lanka, the ﬁrst
indigenous case was identiﬁed in 1992, which was of the cutaneous type [24]. At present, more than 2,000 cases have been
identiﬁed from 2000 to 2009 and nearly 8,487 patients have
been recorded during 2009-2016 representing at least one case
from all 25 administrative districts [25]. In 2018, the caseload
has been increased compared to the past years denoting cases
from nonendemic regions.
Due to the lack of eﬀective vaccines against the disease,
vector control has become the main target to interrupt transmission. In view of the downsides allied with conventional
mosquito control measures, such as the development of
insecticide resistance, attempts to develop alternative
methods to block the transmission of the Leishmania parasite
are of paramount importance [23]. In some countries, novel
vector control strategies such as paratransgenic strategies
using commensal or symbiotic bacteria found in the mucosal
sites of vectors have been evaluated [7, 26]. According to the
previous literature, the presence of microorganisms in the gut
of sand ﬂies may impact the development of the Leishmania
parasites [27]. It is also important to understand the establishment of microbiota in sand ﬂies to clarify the underlying
details of sand ﬂy Leishmania-microbiota interactions [9].
However, in Sri Lanka, such attempts have rarely been made.
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Figure 2: Some bacterial colonies isolated from the midgut grown on brain heart infusion (BHI) agar.
Table 2: Characterization of bacteria based on morphology and biochemical investigations.
Isolate
no.
PaKu-1
PaKu-2
PaKu-3
PaKu-4
PaKu-5
PaKu-6
PaKu-7
PaKu-8
PaKu-9
PaKu-10
PaKu-11
PaKu-12
PaKu-13
PaKu-14
PaKu-15
PaKu-16
PaKu-17
PaKu-18
PaKu-19
PaKu-20
PaKu-21
PaKu-22
PaKu-23
PaKu-24
PaKu-25
PaKu-26

Gram’s
stain

Cell
shape

Motility

Aerobic
growth

Anaerobic
growth

−
−
+
−
−
+
−
−
+
−
−
+
+
−
−
−
−
+
+
−
+
+
+
+
+
−

R
R
S
R
R
S
R
R
S
R
R
S
R
R
R
R
R
R
R
R
R
R
S
R
R
R

+
+
−
D
D
−
+
+
−
+
+
−
+
+
+
+
+
+
+
−
+
+
−
+
+
+

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
−
−
+
+
+
+
−
−
+
+
+
+
+
+
−
−
−
+
−
+

Oxidase Catalase
−
−
−
−
−
−
+
+
−
+
+
−
−
−
−
−
−
−
−
−
−
−
−
−
−
−

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
−
+
+
+
+
−
+
+
+

Acid
production

Oxidative/fermentative

+
+
+
+
+
+
−
−
+
+
+
+
+
+
−
−
−
−
+
+
+
+
+
+
+
−

F
F
F
F
F
F
−
−
F
F
F
F
−
O
O
−
−
−
−
F
−
F
F
−
−
−

R: rod; S: spirillum; +: positive; −: negative; F: fermentative; O: oxidative.

Therefore, the present study was conducted to document the
commensal bacterial species that inhabit the lumen of P.
argentipes, the main vector for leishmaniasis transmission
in Sri Lanka, to explore suitable candidates to be used for a
paratransgenic strategy.
It is well known that there could be variations among
midgut microbiota in the insects due to seasonal changes in
the environment since varying temperatures may create
alternate functional relationships between ectothermic animals and their microbiomes [28].

The present study records the presence of 20 midgut bacteria species. Some other studies have highlighted that more
than 57% of the midgut bacteria species in Lutzomyia sp.
belongs to Proteobacteria Phylum (Gram-negative bacteria)
and 45% of Proteobacteria and 40% Firmicutes in other Phlebotomus species [29]. The present study denoted the occurrence of 81% of Proteobacteria and 19% of Firmicutes
species in the midguts of P. argentipes. Such diﬀerences in
these two previous studies may be due to the environmental
changes and microhabitat conditions which may directly
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Table 3: Molecular identiﬁcation of isolated bacteria from midgut of sand ﬂies.

Phylum

Firmicutes

Genus/species identiﬁcation

Similarity (%)

Accession numbers

Isolate

Staphylococcus saprophyticus ∗

100

MK841545

PaKu3

Staphylococcus sciuri ∗

100

MK841316

PaKu6

Staphylococcus arlettae
Staphylococcus warneri ∗

100

MK841329

PaKu9

99

MK841411

PaKu12

Bacillus megaterium
Bacillus licheniformis
Bacillus sonorensis
Bacillus subtilis
Bacillus subtilis
Bacillus sonorensis
Bacillus cereus

100
99
99
100
100
99
100

MK841412
MN067797
MN067799
MN069586
MN067800
MN067801
MN067802

PaKu13
PaKu19
PaKu21
PaKu22
PaKu23
PaKu24
PaKu25

Serratia marcescens ∗

99

MK841543

PaKu1

Enterobacter sp.∗

100

MK841544

PaKu2

Enterobacter cloacae ∗

99

MK841569

PaKu4

Enterobacter cloacae

Proteobacteria

∗

∗

100

MK841570

PaKu5

Stenotrophomonas maltophilia !
Pseudomonas aeruginosa ∗

100

MK841317

PaKu7

100

MK841321

PaKu8

Aeromonas caviae
Aeromonas caviae
Pseudomonas stutzeri
Rhizobium sp.
Stenotrophomonas maltophilia !
Stenotrophomonas maltophilia !
Stenotrophomonas panacihumi
Stenotrophomonas maltophilia !
Pantoea dispersa

100
100
100
100
100
100
100
100
99

MK841331
MK841333
MN067779
MN067780
MN067781
MN067783
MN067796
MN069585
MN067798

PaKu10
PaKu11
PaKu14
PaKu15
PaKu16
PaKu17
PaKu18
PaKu26
PaKu20

Human pathogens. !Rarely pathogenic on humans.

aﬀect the occurrence of gut microbes [2]. However, the present study investigated midgut bacteria in a particular sand ﬂy
species. Therefore, the results from the present study cannot
be directly compared with some of the previous studies as
other studies have indicated the diversity among diﬀerent
sand ﬂy species. Studies conducted in Tunisia and Turkey
have stated that the diversity in the gut microbes of sand ﬂies
was higher among the adults collected from sheep sheds and
rabbit holes [1, 9, 30]. Contamination of such environments
with excreta of the animals may be the reason they express
the higher diversity since animal excreta make the soil a fertile medium for the growth of coprophilic bacteria [30].
The current study observed the highest diversity of Bacillus species recorded from P. argentipes, namely, B. megaterium, B. licheniformis, B. sonorensis, B. subtilis, and B.
cereus, as compared to previous investigations conducted
for P. argentipes [7, 22, 29] which denoted the higher abundance of Enterobacteriaceae in P. argentipes in India [11].
On the other hand, more Bacillus species have been recorded
from P. papatasi in India [30].
Some studies have indicated the presence of B. megaterium [7, 29], which is considered a nonpathogenic bacteria
that has potential use for paratransgenic manipulation of P.

argentipes. The present investigation also detected this species from P. argentipes. Furthermore, it is important to note
that B. megaterium and B. ﬂexus were the only bacteria which
have been recorded as nonpathogenic with some beneﬁcial
eﬀects such as being used as prebiotics by two previous studies [15, 31]. Bacillus megaterium has been extensively used in
biotechnological and genetic manipulation for the production of diﬀerent molecules which are recognized to be harmless [23]. Therefore, B. megaterium can be used as a delivery
vehicle to block vectorial transmission of L. donovani [23].
In India, B. megaterium has been marketed as a biofertilizer. It can promote cultivable plant growth and induce
diseases in plants [11]. Furthermore, this species acts as a
probiotic as well [15]. Therefore, the use of the transformed
B. megaterium in soil may selectively colonize sand ﬂy
vectors and could be used by crude introduction to the
suspected sand ﬂy breeding habitats.
Species such as S. marcescens have been identiﬁed with an
antileishmanial activity. The S. marcescens variant SM 365, a
prodigiosin pigment producer has the potential to lyse L. chagasi parasites [32]. However, later work showed that lytic
activity has no relationship with prodigiosin production
and is not a determinant factor in the lysis of L. braziliensis
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Table 4: Relative abundance of midgut bacteria encountered in
diﬀerent sand ﬂy pools.
Genus/species identiﬁcation
Staphylococcus saprophyticus
Staphylococcus sciuri
Staphylococcus arlettae
Staphylococcus warneri
Bacillus megaterium
Bacillus licheniformis
Bacillus sonorensis
Bacillus subtilis
Bacillus sonorensis
Bacillus cereus
Serratia marcescen
Enterobacter sp.
Enterobacter cloacae
Stenotrophomonas maltophilia
Pseudomonas aeruginosa
Aeromonas caviae
Pseudomonas stutzeri
Rhizobium sp.
Stenotrophomonas panacihumi
Pantoea dispersa

Relative abundance (%)
of the organism in the
tested insect pools (n)
3.85 (1)
3.85 (1)
3.85 (1)
3.85 (1)
3.85 (1)
3.85 (1)
3.85 (1)
7.69 (2)
3.85 (1)
3.85 (1)
3.85 (1)
3.85 (1)
7.69 (2)
15.38 (4)
3.85 (1)
7.69 (2)
3.85 (1)
3.85 (1)
3.85 (1)
3.85 (1)

upon interaction with S. marcescens [33]. Furthermore, B.
licheniformis has also been recommended as a better candidate for paratransgenesis in P. papatasi because it is genetically tractable and can be used as a probiotic [30]. It has
been identiﬁed as a strong oviposition inducer for gravid P.
papatasi [34]. Therefore, the feasibility of these candidates
as a paratransgenesis control strategy for leishmaniasis
vectors should be further investigated.
The presence of B. subtilis in sand ﬂies was ﬁrstly
reported in India in 2008 (P. argentipes) [23] then in Tunisia
in 2017 (P. perniciosus) [29]. This study reports the next
evidence of the occurrence of B. subtilis in Old Word P.
argentipes. This bacterium is a nonpathogenic Bacillus species which has been proposed as a possible candidate for
the paratransgenic approach as it is nonpathogenic, easy to
cultivate, and easy to genetically manipulate; its use for the
paratransgenic control of Leishmania can be challenged by
its capacity to establish long-term colonies in the gut of
various sand ﬂy species [29]. However, the suitability of B.
subtilis in the paratransgenic approach may be questionable
as this species may be associated with human infection in
immunocompromised individuals and considered as a rare
pathogen [35, 36].
Even though the species such as E. cloacae which were
recorded from the current study has been used as a shuttle system to deliver, express, and spread foreign genes in termite
colonies, this bacterium cannot be used for paratransgenic
manipulation of sand ﬂies since it is commonly associated
with human infections [23]. Stenotrophomonas maltophilia

has been identiﬁed as an important opportunistic pathogen
and found to be in the gut microﬂora of sand ﬂies [37]. This
bacterium is commonly associated with aqueous habitats,
plant rhizosphere, and animal food and water sources [38].
In this strategy of paratransgenesis, a commensal or symbiotic organism is genetically transformed to produce molecules that can kill the parasite. It has been successfully
tested for the Chagas disease parasite Trypanosoma cruzi
transmitted by a triatomine vector [38] and the vector of
African sleeping sickness, Glossina morsitans [39, 40]. Therefore, further studies are crucial to identify the gut microorganisms in sand ﬂies that could be used as potential
candidates for paratransgenesis.
The present study also indicated the occurrence of Staphylococcus saprophyticus, S. sciuri, S. arlettae, S. warneri, Serratia marcescens, Aeromonas caviae, Stenotrophomonas
panacihumi, Bacillus licheniformis, B. sonorensis, Rhizobium
sp., and B. subtilis in P. argentipes, which is comparable to
some previously published studies. It can be deduced that
the presence of S. saprophyticus and B. licheniformis may be
due to transtadial passage since these two species induce oviposition of gravid female sand ﬂies [34, 41]. There has been
evidence that chemicals such as hexanal, which is a byproduct of lipid oxidation and 2-methyl-2-butanol generated
through microbial degradation, stimulate oviposition of
gravid sand ﬂies [41]. Therefore, the presence of these bacteria are probably due to the ingestion by larval stages from the
oviposition site and their passage to nymphs and up to the
adult sand ﬂies [34].
The presence of Rhizobium species has never been found
to be associated with the gut of P. argentipes. This species was
ﬁrst found among the P. perniciosus screened in Northern
Tunisia [29]. Therefore, this study documents the ﬁrst-ever
observation of Rhizobium sp. in the midguts of P. argentipes.
The present study suﬀers from some limitations. The gut
ﬂora among insects is highly dynamic; therefore, this may
inﬂuence the ﬁndings [42]. According to previous investigations, only 20% of the bacteria in the environment can be
grown on culture media [43]. Hence, the presence of microorganisms on artiﬁcial cultures may not reﬂect the complete
community structure inside the insect gut [38]. This has been
deﬁned in previous investigations also. Nucleic acid-based
analysis such as Sanger sequencing, automated ribosomal
internal transcribed spacer analysis (ARISA), terminal
restriction fragment length polymorphism (T-RFLP), denaturing gradient gel electrophoresis (DGGE), and nextgeneration sequencing technology require a critical step that
must combine an eﬃcient cell disruption without DNA degradation and uniform nucleic acid extraction. The phylogenetic precision of species-level characterization of some
bacterial genera is low with 16S rDNA gene sequencing even
though it is being widely used for bacterial characterization
[44]. However, some recent studies conducted in 2017 has
indicated that the 16S rDNA sequencing revealed a highly
diverse community composition that lost diversity as parasites developed into their metacyclic state and increased in
abundance in infected ﬂies [29]. Therefore, the use of the
16S rDNA region for the sequencing of available gut ﬂora
in sand ﬂies is indispensable. Nevertheless, taking into
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Figure 3: Phylogenetic analysis of gut microbiota isolated from P. argentipes sand ﬂies veriﬁed by partial 16S rRNA gene sequences. Black
circle—gut microbes in sand ﬂy species—black triangle—study clones—gut microbes in sand ﬂy (P. argentipes) in Sri Lanka. The
sequences were aligned using Clustal Omega Software. The phylogenetic tree was constructed based on the neighbor-joining algorithm
using MEGA7 software. Each bacterial family in the phylogenetic tree is represented by a separate colored line. The scale of the genetic
distance is shown underneath.

account all the abovementioned limits and drawbacks, it is
vital to gather basic knowledge on the occurrence of gut bacteria in the leishmaniasis vector of Sri Lanka, which was not
been attempted previously. This may also motivate and
encourage researchers to explore these aspects in the country
and widen the research capacity.
Overall, the present investigation provides the ﬁrst
attempt to document the presence of bacteria in the midgut
of P. argentipes sand ﬂies in Sri Lanka. Therefore, this
provides an insight into the potential use of symbiotic, nonpathogenic bacteria for the control vector-mediated transmission. However, the bacteria present in the digestive tract
of one species may have a signiﬁcant antiparasitic eﬀect on
Leishmania development, while gut ﬂora composition may
be a crucial factor for parasite growth in another vector
species [9, 45].

5. Conclusion
Phlebotomus argentipes collected during the current study
harbor a range of bacteria in their gut including Rhizobium
sp., B. megaterium, B. subtilis, E. cloacae, and S. marcescens.
Some are easy to manipulate and can be used in the generation of paratransgenic sand ﬂies, while some have natural
antileishmanial properties. Further studies must be focused
on the transformation of the bacteria to express antileishmanial molecules, and further studies must also be focused on
aspects related to ﬁeld application.

Abbreviations
MOH: Medical Oﬃcer of Health
PBS:
Phosphate-buﬀered saline

BioMed Research International
BHI:
RIDL:
SIT:
CBNT:
PCR:

Brain heart infusion
Release of insects carrying a dominant lethal
Sterile insect technique
Cattle-baited net traps
Polymerase chain reaction.

9

[5]

Data Availability

[6]

All the data generated during this study will be available from
the corresponding author upon reasonable request.

[7]

Ethical Approval

[8]

The study was approved by the Ethics Review Committee,
Faculty of Medicine, University of Kelaniya (Ref. No.
P/204/12/2016).

Consent
Written consent was obtained for publication from all the
involved individuals where applicable.

[9]

[10]

Conflicts of Interest
Authors declare that they have no competing interests.
[11]

Authors’ Contributions
NG designed the research and wrote the manuscript. HP and
WR performed biochemical and microbiological screening.
AW performed phylogenetic-based analysis and data interpretation. TW conducted ﬁeld collection of sand ﬂies.

[12]

Acknowledgments

[13]

This study was funded by a grant from the National Research
Council of Sri Lanka (NRC 16-142).

[14]

Supplementary Materials
Sequence alignment of midgut bacteria encountered from
Phlebotomus argentipes caught from the wild.
(Supplementary Materials)

[15]

References

[16]

[1] M. Karakuş, B. Karabey, Ş. Orçun Kalkan et al., “Midgut
Bacterial Diversity of Wild Populations of Phlebotomus (P.)
papatasi, the Vector of Zoonotic Cutaneous Leishmaniasis
(ZCL) in Turkey,” Scientiﬁc Reports, vol. 7, no. 1, p. 14812,
2017.
[2] M. R. V. Sant’Anna, H. Diaz-Albiter, K. Aguiar-Martins et al.,
“Colonisation resistance in the sand ﬂy gut: Leishmania protects Lutzomyia longipalpis from bacterial infection,” Parasites
and Vectors, vol. 7, no. 1, p. 329, 2014.
[3] M. R. V. Sant’Anna, A. C. Darby, R. P. Brazil et al., “Investigation of the bacterial communities associated with females of
Lutzomyia sand ﬂy species from South America,” PLoS One,
vol. 7, no. 8, article e42531, 2012.
[4] T. Wijerathna, N. Gunathilaka, K. Gunawardana, and
W. Rodrigo, “Potential challenges of controlling leishmaniasis

[17]

[18]

[19]

[20]

in Sri Lanka at a disease outbreak,” BioMed Research International, vol. 2017, Article ID 6931497, 9 pages, 2017.
N. Maleki-Ravasan, M. A. Oshaghi, S. Hajikhani et al., “Aerobic microbial community of insectary population of Phlebotomus papatasi,” Journal of Arthropod-Borne Diseases, vol. 8,
no. 1, pp. 69–81, 2014.
G. Benelli, C. Jeﬀries, and T. Walker, “Biological control of
mosquito vectors: past, present, and future,” Insects, vol. 7,
no. 4, p. 52, 2016.
I. Hurwitz, H. Hillesland, A. Fieck, P. Das, and R. Durvasula,
“The paratransgenic sand ﬂy: a platform for control of Leishmania transmission,” Parasites & Vectors, vol. 4, no. 1, 2011.
S. Guernaoui, D. Garcia, E. Gazanion et al., “Bacterial ﬂora as
indicated by PCR-temperature gradient gel electrophoresis
(TGGE) of 16S rDNA gene fragments from isolated guts of
phlebotomine sand ﬂies (Diptera: Psychodidae),” Journal of
Vector Ecology, vol. 36, pp. S144–S147, 2011.
P. H. Kelly, S. M. Bahr, T. D. Seraﬁm et al., “The gut microbiome of the vector Lutzomyia longipalpis is essential for
survival of Leishmania infantum,” mBio, vol. 8, no. 1, 2017.
R. V. Durvasula, A. Gumbs, A. Panackal et al., “Expression of a
functional antibody fragment in the gut of Rhodnius prolixus
via transgenic bacterial symbiont Rhodococcus rhodnii,” Medical and Veterinary Entomology, vol. 13, no. 2, pp. 115–119,
1999.
C. B. Beard, C. Cordon-Rosales, and R. V. Durvasula, “Bacterial symbionts of the triatominae and their potential use in
control of Chagas disease transmission,” Annual Review of
Entomology, vol. 47, no. 1, pp. 123–141, 2002.
R. J. Dillon, E. El Kordy, M. Shehata, and R. P. Lane, “The
prevalence of a microbiota in the digestive tract of Phlebotomus papatasi,” Annals of Tropical Medicine & Parasitology,
vol. 90, no. 6, pp. 669–673, 2016.
P. Rajendran and G. B. Modi, “Bacterial ﬂora of sandﬂy gut
(Diptera: Psychodidae),” Indian Journal of Public Health,
vol. 26, no. 1, pp. 49–52, 1982.
Y. Schlein, I. Polacheck, and B. Yuval, “Mycoses, bacterial
infections and antibacterial activity in sandiﬁes (Psychodidae)
and their possible role in the transmission of leishmaniasis,”
Parasitology, vol. 90, no. 1, pp. 57–66, 1985.
S. Mandiki, S. Milla, N. Wang et al., “Eﬀects of probiotic bacteria on growth parameters and immune defence in Eurasian
perch Perca ﬂuviatilis L. larvae under intensive culture conditions,” Aquaculture Research, vol. 42, no. 5, pp. 693–703, 2011.
A. Brown and H. Smith, Benson’s Microbiological Applications
Laboratory Manual (Complete Version), Mc Graw Hill, New
York, 2017.
S. Hamill, S. D. Neill, and R. H. Madden, “Use of Hugh and
Leifson’s medium as a simple screening test to aid in the diﬀerentiation ofArcobacterspp. from background ﬂora during their
isolation from foodstuﬀs,” Letters in Applied Microbiology,
vol. 47, no. 3, pp. 187–191, 2008.
S. T. Cowan, Cowan and Steel’s Manual for the Identiﬁcation of
Medical Bacteria, Cambridge University Press, Cambridge,
1993.
S. Srivastava, V. Singh, V. Kumar et al., “Identiﬁcation of
regulatory elements in 16S rRNA gene of Acinetobacter species
isolated from water sample,” Bioinformation, vol. 3, no. 4,
pp. 173–176, 2008.
E. Stackebrandt and B. M. Goebel, “Taxonomic note: a place
for DNA-DNA reassociation and 16S rRNA sequence analysis

10

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

BioMed Research International
in the present species deﬁnition in bacteriology,” International
Journal of Systematic and Evolutionary Microbiology, vol. 44,
no. 4, pp. 846–849, 1994.
S. Kumar, G. Stecher, and K. Tamura, “MEGA7: molecular
evolutionary genetics analysis version 7.0 for bigger datasets,”
Molecular Biology and Evolution, vol. 33, no. 7, pp. 1870–
1874, 2016.
M. Kimura, “A simple method for estimating evolutionary
rates of base substitutions through comparative studies of
nucleotide sequences,” Journal of Molecular Evolution,
vol. 16, no. 2, pp. 111–120, 1980.
H. Hillesland, K. Ghosh, B. Subhadra et al., “Identiﬁcation of
aerobic gut bacteria from the kala azar vector, Phlebotomus
argentipes: a platform for potential paratransgenic manipulation of sand ﬂies,” The American Journal of Tropical Medicine
and Hygiene, vol. 79, no. 6, pp. 881–886, 2008.
D. N. Athukorale, J. K. Seneviratne, R. L. Ihalamulla, and U. N.
Premaratne, “Locally acquired cutaneous leishmaniasis in Sri
Lanka,” The Journal of Tropical Medicine and Hygiene,
vol. 95, no. 6, pp. 432-433, 1992.
T. Wijerathna, N. Gunathilaka, and K. Gunawardena, “The
economic impact of cutaneous leishmaniasis in Sri Lanka,”
BioMed Research International, vol. 2018, Article ID
3025185, 9 pages, 2018.
P. Volf, A. Kiewegová, and A. Nemec, “Bacterial colonisation
in the gut of Phlebotomus duboseqi (Diptera: Psychodidae):
transtadial passage and the role of female diet,” Folia Parasitologica, vol. 49, no. 1, pp. 73–77, 2002.
S. Adler and O. Theodor, “Attempts to Transmit Leishmania
Tropicaby bite: the transmission of L. Tropica by Phlebotomus:
Sergenti,” Annals of Tropical Medicine & Parasitology, vol. 23,
no. 1, pp. 1–18, 2016.
L. V. Ferguson, P. Dhakal, J. E. Lebenzon, D. E. Heinrichs,
C. Bucking, and B. J. Sinclair, “Seasonal shifts in the insect
gut microbiome are concurrent with changes in cold tolerance
and immunity,” Functional Ecology, vol. 32, no. 10, pp. 2357–
2368, 2018.
W. Fraihi, W. Fares, P. Perrin et al., “An integrated overview of
the midgut bacterial ﬂora composition of Phlebotomus perniciosus, a vector of zoonotic visceral leishmaniasis in the Western Mediterranean Basin,” PLOS Neglected Tropical Diseases,
vol. 11, no. 3, article e0005484, 2017.
J. Mukhopadhyay, H. R. Braig, E. D. Rowton, and K. Ghosh,
“Naturally occurring culturable aerobic gut ﬂora of adult Phlebotomus papatasi, vector of Leishmania major in the old
world,” PLoS One, vol. 7, no. 5, 2012.
U. Chakraborty, B. Chakraborty, and M. Basnet, “Plant growth
promotion and induction of resistance in Camellia sinensis by
Bacillus megaterium,” Journal of Basic Microbiology, vol. 46,
no. 3, pp. 186–195, 2006.
C. S. Moraes, S. H. Seabra, D. P. Castro et al., “Leishmania
(Leishmania) chagasi interactions with Serratia marcescens :
Ultrastructural studies, lysis and carbohydrate eﬀects,” Experimental Parasitology, vol. 118, no. 4, pp. 561–568, 2008.
C. S. Moraes, S. H. Seabra, J. M. Albuquerque-Cunha et al.,
“Prodigiosin is not a determinant factor in lysis of Leishmania
(Viannia) braziliensis after interaction with Serratia marcescens d-mannose sensitive ﬁmbriae,” Experimental Parasitology, vol. 122, no. 2, pp. 84–90, 2009.
K. Radjame, R. Srinivasan, and V. Dhanda, “Oviposition
response of phlebotomid sandﬂy Phlebotomus papatasi to soil

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

bacteria isolated from natural breeding habitats,” Indian Journal of Experimental Biology, vol. 35, no. 1, pp. 59–61, 1997.
S. Matsumoto, H. Suenaga, K. Naito, M. Sawazaki,
T. Hiramatsu, and N. Agata, “Management of suspected nosocomial infection: an audit of 19 hospitalized patients with
septicemia caused by Bacillus species,” Japanese Journal of
Infectious Diseases, vol. 53, no. 5, pp. 196–202, 2000.
M. R. Oggioni, G. Pozzi, P. E. Valensin, P. Galieni, and
C. Bigazzi, “Recurrent septicemia in an immunocompromised
patient due to probiotic strains of Bacillus subtilis,” Journal of
Clinical Microbiology, vol. 36, no. 1, pp. 325-326, 1998.
J. S. Brooke, “Stenotrophomonas maltophilia: an emerging
global opportunistic pathogen,” Clinical Microbiology Reviews,
vol. 25, no. 1, pp. 2–41, 2012.
R. V. Durvasula, A. Gumbs, A. Panackal et al., “Prevention of
insect-borne disease: an approach using transgenic symbiotic
bacteria,” Proceedings of the National Academy of Sciences,
vol. 94, no. 7, pp. 3274–3278, 1997.
S. Aksoy, B. Weiss, and G. Attardo, “Paratransgenesis applied
for control of tsetse transmitted sleeping sickness,” Experimental Medicine and Biology, vol. 627, pp. 35–48, 2008.
M. H. Pontes and C. Dale, “Lambda red-mediated genetic
modiﬁcation of the insect endosymbiont Sodalis glossinidius,”
Applied and Environmental Microbiology, vol. 77, no. 5,
pp. 1918–1920, 2011.
K. Peterkova-Koci, M. Robles-Murguia, M. Ramalho-Ortigao,
and L. Zurek, “Signiﬁcance of bacteria in oviposition and larval
development of the sand ﬂy Lutzomyia longipalpis,” Parasites
& Vectors, vol. 5, no. 1, p. 145, 2012.
C. A. M. Finney, S. Kamhawi, and J. D. Wasmuth, “Does the
arthropod microbiota impact the establishment of vectorborne diseases in mammalian hosts?,” PLOS Pathogens,
vol. 11, no. 4, article e1004646, 2015.
A. Hiergeist, J. Gläsner, U. Reischl, and A. Gessner, “Analyses
of intestinal microbiota: culture versus sequencing,” ILAR
Journal, vol. 56, no. 2, pp. 228–240, 2015.
J. M. Janda and S. L. Abbott, “16S rRNA gene sequencing for
bacterial identiﬁcation in the diagnostic laboratory: pluses,
perils, and pitfalls,” Journal of Clinical Microbiology, vol. 45,
no. 9, pp. 2761–2764, 2007.
N. Boulanger, C. Lowenberger, P. Volf et al., “Characterization
of a defensin from the sand ﬂy Phlebotomus duboscqi induced
by challenge with bacteria or the protozoan parasite Leishmania major,” Infection and Immunity, vol. 72, no. 12,
pp. 7140–7146, 2004.

