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ABSTRACT

Leishmaniasis, is a vector-borne disease transmitted to humans through the bite of infected female
sand flies. Active and continuous monitoring of the sand fly is an important aspect of disease control.
Thus, the correct identification of its vectors is paramount in this regard. Objective: The study was
conducted to morphologically and molecularly identify female sand fly species in a cutaneous
leishmaniasis endemic focus collected in three villages in the Ho Municipality of the Volta region. CDC
light traps and sticky paper traps was used for the collection of the sand flies. The morphologically
identified sand flies was molecularly confirmed by running PCR with the mitochondrial cytochrome ¢
oxidase gene subunit I (COI) primers and DNA sequenced. A total of 537 sand flies was collected,
made up of 363 females and 174 males. Eleven different species of sand flies was morphologically
identified — one Phlebotomus species and ten Sergentomyia species. The PCR amplified products showed
bands of molecular weights 658 base pairs for the primers. The molecular identification using the 658-

bp fragment of the (COI) gene was congruent with the morphological identification.

Keywords: morphological, molecular identification, cytochrome ¢ oxidase gene subunit I

1 Introduction

Leishmaniasis is a parasitic disease, presented in
three forms including cutaneous (CL),
mucocutaneous (MCL), and visceral (VL). CL is
the most common and self-limiting depending on
the type of Leishmania species causing the disease.
The Leishmania parasite is transmitted by infected
female sand fly species. These sand flies are small
(body length < 3 mm) hematophagous insects
and are the major cause of public health problem
wortldwide [1]. There are approximately 800
species of sand flies recorded in five major
genera; Phlebotomus and Sergentomyia in the Old
World, and Lutzomyia, Brumptomyia and Warileya in
the New World [2]. It is evident that proper
identification of sand flies in leishmaniasis

endemic areas can help assess the risk of spread

of the disease [3]. This identification is important
for implementing disease control strategy and as
such, vector-targeted studies are necessary from
the time when the vector has the ability to
transmit infectious diseases to humans [4]. Thus,
the identification of sand flies by taxonomy is
based on morphological features such as
cibarium, pharynx, spermatheca of females and
terminal genitalia of males [5,6]. This requires
careful preparation of insect specimens after a
field catch and a high degree of expertise [7].
Thus, to overcome the technical limitations
associated with morphological identification, in
the last two decades molecular approaches have
been increasingly employed to explore the
taxonomy and phylogeny in insect vectors
including sand flies [8-11]. These molecular
identification techniques which use standard
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mitochondrial markers have become the popular
approach. For instance, the use of cytochrome ¢
oxidase subunit I (COI) gene [12]. Moreover, the
use of ribosomal RNA (rRNA) gene architecture
and the highly conserved sequences of certain
domains of the gene [13] is another approach.

The aim of this study is to use the approach of
COlI primers to confirm collected sand flies from
three endemic villages in the Ho Municipality of
the Volta region of Ghana molecularly, after they
have been morphologically identified using

taxonomic keys.
2  Research Methodology

2.1 Study Area

The Ho town doubles as the capital of the
Municipality and the Regional Capital of the
Volta Region (Figure 1). Its total land area is
2,361 square kilometres. It lies between latitudes
6°36'43"N and longitude 0°28'13"E and the
elevation of the villages is 150m /490ft above sea
level. The Municipality is a moist semi-deciduous
forest zone with villages dotted around. The
vegetation of the Municipality is mainly forest
and forest savannah. The population of the
Municipality according to 2010 population and
housing census stands at 177,281 with 83,819
males and 93,462 females as stated by the Ghana
Statistical Services Report [14]. The study was
carried out in three villages namely Lume Atsiame
(6.619918°N, 0.464762°E), Dodome Dogblome
(6.760774°N, 0.51546°E) and Dodome Awuiasu
(6.767553°N, 0.514789°E). The major economic
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activities of the population are agriculture, animal
farming and trading.

2.2
Ethical the

University of Cape Coast Institutional Review
Board (UCCIRB/CHAS/2017/32). The leadets
of the endemic communities and family heads

Ethic Issue

clearance was obtained from

were engaged and consented to this investigation
before setting the traps for the sand fly collection
around the residence.

2.3 Sand fly collection

The collection of sand fly was carried out every
day in November and December 2017, January,
February, March, April, May, June and August
2018. Siting of the CDC light and sticky traps
were randomly selected for sand fly collections in
the three endemic areas in the Ho Municipality
(Figure 1). The selected communities represent
areas in the Municipality where cases of CL had
been reported [15,16]. A total of four (4) CDC
light traps and 20 sticky traps were set from dusk
to dawn (approximately 12hr) each day for the
collection of flies (Figure 2). The collected sand
flies by the CDC light traps were freeze-killed at
-20°C and sorted out into labelled 1.5ml
eppendorf tubes containing silica gel for dry
preservation. However, the collected sand flies by
the sticky traps were preserved in 70% ethanol.
The tubes were secured in sealed sample
collection bags and transported to the
entomology laboratory for morphological

identification.

# Dodome Dogblome
\LumeAtsié’r’he =

‘‘‘‘‘‘

éﬁodome Awuiasu
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Figure 1: Map of Ghana showing the study areas.
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Figure 2: /4] CDC light trap in use and [B] paper sticky trap in use

2.4  Sand fly dissection and morphological
identification

All sand flies collected were separated into either
male or female on the basis of morphology of
their reproductive organ observed under a
stereomicroscope (Olympus SZ60). Each female
sand fly was dissected by first removing the head
and last three abdominal segments with a pair of
dissecting pins. The head and the last three
abdominal segments were placed in a labelled 0.2
ml sterile micro tube containing 2 drops of
clearing medium (chloral hydrate and phenol) for
about 48 hours. The thorax and the upper
abdominal segment were kept in another 0.2 ml
sterile micro tube with the same labelling as that
for the head and last three abdominal segments.
After the clearing process, the head and last three
abdominal segments were placed on a glass slide
and a drop of mounting medium (8 g Arabic gum,
70 g chloral hydrate, 10 ml distilled water, 5 ml
glycerine and 3 ml glacial acetic) was added.
Making the
mouthparts facing upward and last abdominal

sure head was placed with
segments in a lateral position, a glass coverslip
was used to cover the sample. The slide with the
fixed sand fly was allowed to clear and dried using
Slide Warmer Model XH-2001 at about 55-60°C
for about 2 weeks and then observed under an
optical microscope for species identification.

Sand flies were identified and grouped into
species using taxonomic keys [5]. Morphological
features used in the identification of species
included the presence of cibarium, cibarial teeth,
pharynx and spermatheca. An Olympus BH-2

stereomicroscope  with  mounted  camera
connected to a monitor utilizing software was
used to capture images of the features of
identification interests of the different species. In
the identification process, three main features
were considered; the cibarium, pharynx and
spermatheca. The cibarium is a structure that lies
between the pharynx and the proboscis in the
head. Present in the cibarium are cibarial teeth
which are unique for various species. The
pharynx also located in the head and usually a
bottle or lamp-glass shaped is a posterior
continuation of the cibarium consisting of a
dorsal and ventral plate. The spermatheca, found
in only the females varies in size and shape for
different species. Phlebotomus species have a
cibarium which lacks cibarial teeth and a
pigmented patch whereas Sergentomyia species
have both the cibarial teeth and pigment patch

present.

2.5 DNA extraction

DNA was extracted from each sand fly using the
potassium acetate extraction method as described
by Aransay ef al., [17] with slight modifications.
The individual sand fly was grinded with
disposable pestle in 1.5 mL labelled tubes. One
hundred and fifty microliters (150 pl) of
extraction buffer, which was made up of 1%
sodium dodecyl sulphate [SDS], 25 mM NaCl and
25 mM EDTA was added, and tubes were placed
in a water bath at 65°C for 30 minutes. Following
the addition of 100 uL of 3 M potassium acetate
(pH 7.2), the homogenates were incubated on ice
for 30 minutes and then centrifuged for 15
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minutes at 13,000 rpm. The supernatant was
recovered, and DNA was precipitated by the
addition of 600 pL of 100% ethanol. The
homogenate was placed in the freezer at 30
minutes for 1 hour, then centrifuged at 13000
rpm for 25 minutes, after which the ethanol was
discarded and the resulting pellet air dried for 10
minutes. The DNA pellets was re-suspended in
50 pL of 0.5X Tris-EDTA (TE) (pH 8.0). Five-
microliter (5 pL) portions of the DNA extracted
were used for PCR amplification.

2.6
2.6.1

Molecular identification of sand fly

The cytochrome c oxidase | (COI) gene

The cytochrome ¢ oxidase I (COI) gene, widely
used for biological barcoding, was targeted in
selected samples identified morphologically to
species level. The mitochondrial cytochrome ¢
oxidase gene subunit I (COI) was amplified using
previously described primers [18]. DNA extracts
from individual sand fly were used as template
and the primers LCO1490 forward: 5- GGT
CAA ATC ATA AAG ATA TTG G- 3 and
HCO2198 reverse: 5- TAA ACT TCA GGG
TGA CCA AAA AAT CA- 3 (Macrogene,
Korea) were designed for the amplification of
658bp. The amplification was performed using
0.125 pL. of One Taq DNA polymerase [1.25
U/50 pL] New England Biolabs, Inc.) in a total
reaction volume of 25 pL containing 5 pL of
DNA, 0.5 pL. dNTPs (dATP, dCTP, dGTP and
dTTP) [10 mM], 5 pL of buffer (containing 1.8
mM of MgCl) [5X], 0.5 puLL of each of primer
[10puM], and sterilized water to make up the final
volume. The modified thermal cycling conditions
previously used by Gutiérrez ez al., [19] with slight
modifications: an initial denaturation at 95°C for
5 min, amplification was performed with 37
cycles consisting of denaturation at 94°C for 30 s,
annealing at 53°C for 45 s, extension at 68°C for
1 min 30 s, followed by a final extension at 68°C
for 10 min and 4°C as holding temperature. For
each PCR, a negative control containing sterilized
distilled water instead of DNA was included. The
positive control were previously identified sand
flies obtained from the Noguchi Memorial
Institute for Medical Research. The reaction was

carried out in the BIO RAD System Peltier
Thermal Cycler.

2.6.2  Sequencing and Phylogenetic Analysis

The PCR amplified products obtained was
sequenced by Sanger’s method in both forward as
well as reverse directions and sequencing results
were obtained from Applied Biosystems (ABI):
ABI 3500XL Genetic Analyser, POP7™ and
Brilliant Dye™ Terminator v3.1 (NimaGen BV,
Nijmegen). The same primers used for the PCR
reactions was used. The nucleotide sequences
from both strands were aligned using the
DNASTAR (Lasergene) software. Sequences was
then compared with the GenBank database using
NCBI BLASTN (https://blast.ncbi.nlm.nih.gov/Blast.cgi),
aligned and analysed in MEGA version 7.
Phylogenetic tree was constructed using the

Neighbour Joining (NJ) method.
3 Results

3.1 Morphological identification of sand

flies

Overall, 537 sand flies were collected and 363
(67.60%) were morphologically identified as
females under the optical microscope and
grouped into species using taxonomic keys [5].
Males are not involved in the transmission cycle
of the parasite since male sand flies are not blood
feeders and were thus excluded from the study.
Typically, Phlebotomus species was usually larger
bodied with lighter integument whilst Sergentonyia
species was smaller with a datrker cuticle. In all
eleven different species of sand flies were
identified (Figure 3). The
identified female sand flies belonged to two

morphologically

genera with 3.31% belonging to the genus
Phlebotomns and 96.69% to the genus Sergentomyia.
The genus Phlebotomus was Phlebotomus rhodaini
whilst the genus Sergentomyia included, Sergentomyia
africana,  Sergentomyia  similima, — Sergentomyia
ghesquierez, Sergentomyia ingrami, Sergentomyia schwetzi,
Sergentomyia hamoni,

antennata,  Sergentomyia

Sergentomyia  dureini,  Sergentomyia  buxtoni  and

collarti.  All these
captured in the three communities with the

Sergentomyia species were
exception of Sergentomyia collarti which was
captured only at Lume Atsiame. Sergentomyia

africana was the most abundance (26.17%).
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Figure 3: Percentage (%) of sand flies identified from two genera - Phlebotomus (P) and Sergentomyia (S) in
the study area

Table 1: Characteristic features of the collected sand fly species

Morphological characteristics

No.  Sandfly species Cibarium Pharynx Spermathecae
1. Phlebotomus lacks rows of teeth weakly distended long tubular
rhodaini
2. Sergentomyia well-developed set of teeth hour-glass shaped double walled
africana
3. Sergentomyia lateral teeth heart-shaped long
antennata
4. Sergentomyia mushroom shaped cibarium diamond shape wide tubular
buxtoni patch
5. Sergentomyia fence-like cibarial teeth narrow elongated tubular
collarti
6. Sergentomyia median teeth extended tubular
dureni
7. Sergentomyia 31-40 teeth Lamp-glass shaped tubular
ghesquierei
8. Sergentomyia long, sharp cibarial teeth Broad-heart shaped long
hamoni
9. Sergentomyia two sets of teeth narrow shaped elongated capsule
ingrami
10.  Sergentomyia tightly packed median teeth distended posteriorly  tubular
schwetzi
11.  Sergentomyia teeth are equal sized, pointed, heart shaped tubular spermatheca with
similima fence-like ducts separated at the base
The CDC light traps captured 94.21% sand flies The characteristic features of the collected sand
whereas the sticky paper traps captured the fly species and images of the morphologically
remaining 5.79%. In all 69.97% of the sand flies identified sand flies is presented in Table 1 and
was captured at Dodome Dogblome, 23.69% at Figure 4 respectively.

Lume Atsiame and 6.34% at Dodome Awuiasu.
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Figure 4: Image of pharynx (blue), cibarium (cyan) and spermathecae (purple) [A]. Phlebotomus rodhaini
[B]. Sergentomyia africana [C]. Sergentomyia antennata [D] Sergentomyia buxtoni [E]. Sergentomyia collarti
[F]. Sergentomyia dureni [G]. Sergentomyia ghesquierei [H]. Sergentomyia hamoni [1]. Sergentomyia ingrami

[J]. Sergentomyia schwetzi and [K]. Sergentomyia similima

Figure 5: [LEFT] Agarose gel electrophoresis of PCR products of Phlebotomus rodhaini
[RIGHT] Sergentomyia similima after amplification of COI gene (658bp). Lane M: Molecular weight marker
(100bp). +v (positive control) -v (negative control)
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Figure. 6: [LEFT] Agarose gel electrophoresis of PCR products of Sergentomyia antennata
[RIGHT] Sergentomyia ingrami after amplification of COI gene (658bp). Lane M: Molecular weight marker
(100bp). +v (positive control) -v (negative control)

M12345 6v7809 Lok
-

Figure 7: [LEFT] Agarose gel electrophoresis of PCR products of Sergentomyia africana
[RIGHT] Sergentomyia ghesquierei after amplification of COI gene (658bp). Lane M: Molecular weight marker
(100bp). +v (positive control) -v (negative control)

3.2 PCR Results

The validation of the morphologically identified
sand fly species was done using mitochondrial
cytochrome ¢ oxidase gene subunit 1 (COI)
primers. Polymerase chain reaction (PCR) was
performed on the DNA extracts from the
individual sand flies. For each of the different
species morphologically identified, the PCR
amplified products showed bands of molecular
weight 658 bp [20] as shown in Figure 5-7.

3.3 Sequencing Results

A few randomly selected female sand flies that
showed intense agarose gel electrophoresis
product was sent for sequencing. However, the
COI consensus sequences was obtained only for
six species, since most of the sequences either
had poor quality or were too short for contig-

assembly. However, to ascertain whether the
obtained sequenced product was congruent with
the morphologically identified sand flies, the
obtained sequences was compared with the
GenBank database, aligned and analysed in
MEGA version 7. The mitochondrial COI
sequences obtained varied from 655 to 682 bp by
direct sequencing. The sand fly species that
yielded good sequence data include: C1
(Phlebotomus rhodaini), C3 (Sergentomyia ghesquierei),
C4 (Sergentomyia ingrami), C5 (Phlebotomus rhodaini),
C6  (Phlebotomus  rhodain) and CT (Phlebotomus
rhodaini). The neighbour joining method was used
to construct the phylogenetic tree (Figure 8).
After multiple alignments of study sequences and
those obtained from the BLAST and in addition
to reference sequences obtained from GenBank
the  obtained

sequence  confirmed  the

morphologically identified sand fly species.
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AB759971.1 Sergentomyia ingrami (COIl) gene
C4 (Sergentomyia ingrami)
HQ585351.1 Sergentomyia babu babu (COIl) gene
MH577096.1. (Sergentomyia ghesquerei) 549bp

C3 (Sergentomyia ghesquerei)

L AB787194.1. (Sergentomyia africana) 659bp
KJ481125.1. (Sergentomyia schwetz) 673bp
JX105037.1 Phlebotomus papatasi (COI) gene

C1 (Phlebotomus rodhaini)

[JX105042.1. (Phlebotomus rodhaini) 645bp

C7 (Phlebotomus rodhaini)

—
0.10

—— C6 (Phlebotomus rodhaini)

— C5 (Phlebotomus rodhaini)

Figure 8: Neighbour Joining tree of different collected sand fly species. AB759971.1, MH577096.1 and
JX105042.1 are the reference sequences.

4  Discussion

Sand flies, the vectors of leishmaniasis have
received considerable attention in recent years, in
different parts of the world, due to the discovery
of leishmaniasis in some non-endemic areas [21].
Identification of the sand fly is crucial for any
[22].  The
information generated from the sand flies are of

leishmaniasis  control — program
great importance for predicting expansion of the
disease in the endemic areas, and further assist in
designing new strategic programs that limit
spreading of such serious vectors [§].

In this study, 537 sand fly species were captured,
65.64% the

morphologically identified using taxonomic keys.

representing females  were
Since, it is an endemic area the study is expected
to capture more females associated with the
transmission of the disease. Additionally, 3.31%

of Phlebotonus species and 96.69% of Sergentomyia

species of sand flies was identified in the CL
endemic areas of Lume Atsiame, Dodome
The
Sergentomyia species were mainly prevalent and

Dogblome and Dodome Awuiasu.

this is consistent with previous studies carried out
by [23]-[26],[11] in Ghana. Boakye ez al., [23]
eatlier reported that sand flies collected in 1997
and 2002 from Navrongo in the Upper East
Region of Ghana also showed prevalence of
Sergentomyia species. Elsewhere in Africa similar
research carried out in Algeria [27], Mali [28], [29],
Morocco [30] and Sudan [31] also identified
species of these two genera. This re-echo
emphasized the abundance of Sergentomyia species
in the tropics as well as certain leishmaniasis
endemic communities compared to Phlebotonns
species which are scarce or absent [32], for which
reason it’s not fully understood [33].

Of the three communities that the traps were set
to capture the sand flies, Dodome Dogblome
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recorded the highest capture representing
69.98% followed by Lume Atsiame (23.69%).
This could be attributed to the many plantain and
banana plantation close to the residence in
Dodome Dogblome. This could possibly create
sufficient moisture and suitable breeding habitats
and hiding places in the environment. Thus,
the that humidity
temperature is an important factor for the
development of sand fly [30], [34],[35]. Matkle
and Makhoul, [36] supports this by explaining in

buttressing point and

their study that sand flies breed in organic matter
such as leaf litter. An observation during the
sampling period was that due to the dry weather
season mostly in November and December no
sand fly was trapped either by the CDC light traps
or the sticky paper traps. However, it was
observed that the month of May recorded the
highest capture of sand flies, this could be
attributed to the fact that sand flies are highly
prevalent in rainy season and moisted condition
[37].

For adequate knowledge of the ecological and
medical importance of sand flies in an endemic
community, correct identification of the fragile
and minute sand fly is paramount. The gold
standard for any robust taxonomic system is its
ability to deliver reliable and accurate species
[12].  The

identification of sand flies based on wvatious

identification morphological
morphological features is quite tedious and time-
consuming and also requires taxonomic expertise
[3] It is also difficult to identify large number of
sand flies in a short period of time. Therefore,
molecular identification is advocated for, which is
found to be faster and had the advantage of
sensitivity and specificity [38].

In sand fly taxonomy research, identification via
COI sequencing is the most used molecular
identification method. This is quite popular in the
New Wortld and is advancing rapidly in the Old

World [39]. The fundamental aim is to
standardize molecular approach used in
complementing morphological species

identification [40], [19]. The study thus utilized
the use of COI sequencing as a reliable method
to identify the captured sand flies. Kim ez a/, [41]
reported that COI sequencing has been widely
used in species identification and biodiversity

research because it has been shown that in many
groups, including insects, interspecific variation
in DNA sequences of some genes is much higher
than this
opportunity to use DNA sequences for species
This, has
recognition as a molecular tool for species

intraspecific  and provided an

identification. gained increased
identification in various groups of organisms and
thus provides a reliable, cost-effective and
accessible solution to exact species identification
[12]. This approach of identification uses a short
sequence from standardized portions of the
mitochondrial genome (a 658 bp of COI). It is
noteworthy that mitochondrial DNA (mt DNA)
is used because it is much smaller than nuclear
DNA thus making sequencing it relatively easy
[42].

In this study the mitochondrial COI primers was
able to molecularly confirm the identity of the
sand flies that had been morphologically
identified and DNA sequenced. The phylogenetic
tree obtained from the neighbour joining method
clearly showed that all sequences from the same
(Figure 8). The
mitochondrial COI results agreed with the

species  cluster together
morphological identification for the species.
Besides the remarkable usefulness of COI for
species discrimination, it could also be a valuable
tool for epidemiologic studies and vectorial
control programs, where species identification is

the basis of their effectiveness [43].
5 Conclusion

This study was carried out to identify sand fly
species in an endemic area morphologically and
molecularly using the COI primers. It revealed
the diversity of sand flies in the endemic area
even though the sticky paper traps were not able
to intercept a lot of the sand flies as compared to
the CDC light traps. The study further reiterated
the fact that the Sergentomyia species of sand flies
are abundant in Ghana than the Phlebotomus species
and majority of the sand fly were collected at
Dodome Dogblome. Sergentomyia africana was the
most abundant species collected suggesting that
should be further
investigated to ascertain if it plays a role in disease

its vector competence

transmission. It can conclusively be said that the
molecular identification of sand flies via COI
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sequencing accurately identified these medically
important insects thereby assisting traditional
morphological identification. This will thus help

to assess their implication in Leishmania

transmission in an endemic area.
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