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Abstract 

Background  Leishmaniasis is a parasitic disease caused by species of the genus Leishmania, which are transmitted 
through the bite of infected female sand flies. Since the first reported outbreak of cutaneous leishmaniasis in Ghana, 
in 1999, there has been limited published information on its vectors and reservoir hosts there. Previous studies have 
shown strong dominance of the sand fly genus Sergentomyia over the genus Phlebotomus in Ghana. Thus the aim of 
this study was to determine the possible sand fly vector species in Ghana, as well as their human-feeding behavior, 
from the time of the first reported outbreak of CL in the country.

Methods  Sand flies were collected from randomly selected houses in three communities. They were identified and 
used for blood meal source identification and the detection of Leishmania infection using molecular methods. 

Results  A total of 1051 female sand flies were morphologically identified, of which Sergentomyia africana africana 
(29%) was the predominant species. Among the 275 female sand flies that had blood-fed, the identified blood meal 
sources included chicken (33.8%) and goat (12.4%); the percentage of human blood meals was 32%. Single-source 
and mixed-source blood meals were identified in Sergentomyia africana africana (11.6%), Sergentomyia ingrami (14.9%) 
and Sergentomyia simillima (20%), with S. simillima having the highest proportion of blood meals that included human 
blood (14.6%). Using molecular methods, unfed sand flies and identified human-feeding species were examined for 
the presence of Leishmania DNA. Pool screening analysis revealed three pools of S. ingrami positive for Leishmania 
major DNA, with an infection rate of 1.27% (95% confidence interval 2.467–3.647).

Conclusions  The findings suggest that some Sergentomyia species may be involved in the transmission of cutaneous 
leishmaniasis in Ghana. However, the role of S. ingrami as a vector of leishmaniasis in Ghana needs to be conclusively 
validated by isolating the parasite from this species and through experimental transmission studies.
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Background
The World Health Organization estimates that, world-
wide, 98 countries are endemic for leishmaniasis. In 
Africa, countries endemic for the disease are mostly 
located in the Northern, Central and Eastern Africa sub-
regions, the last of which includes the Horn of Africa. A 
cutaneous leishmaniasis (CL) belt runs from Maurita-
nia, Gambia and Senegal in the west of Western Africa 
to Nigeria, in the east of the subregion, and its bordering 
country, Cameroon, which is in Central Africa. However, 
leishmaniasis appears to be one of the least recognized 
or underreported parasitic infections in Western Africa 
[1]. Northern Ghana is also found within the CL belt, yet 
there had been no reports of the disease in that area, or 
anywhere in the country, until 1999, when an outbreak 
was reported from three sub-districts in southeastern 
Ghana, Ho/Shia, Kpedze/Vane and Tsito in the Ho Dis-
trict, which borders Togo. A total of 2348 cases before 
2003 and 6185 cases between 2003 and October 2004 
were reported during the outbreak [2]. Urgent investi-
gations were undertaken to understand the outbreak in 
this atypical ecocline for CL. The initial studies identi-
fied the parasite asLeishmania major [3], but a follow-up 
study indicated that it was a new species [4], which was 
subsequently confirmed and the species named Leish-
mania (Mundinia) chancei [5]. The studies undertaken 
using real-time polymerase chain reaction (PCR) analysis 
aimed at identifying the reservoirs among small mam-
mals and local livestock did not reveal the presence of 
Leishmania DNA. Therefore, the etiology and reservoirs 
of the leishmaniasis outbreak remain unknown [6].

Old World CL is reported to be transmitted by over 40 
species of phlebotomine sand flies (Diptera: Psychodidae) 
[7]. Several species that belong to two genera of phlebot-
omine sand flies, Phlebotomus and Sergentomyia, have 
been reported from West Africa, but only Phlebotomus 
duboscqi has been implicated as a vector of CL there [8]. 
Sergentomyia species are not usually thought to trans-
mit human leishmaniasis, although Mukherjee et  al. [9] 
reported the detection of Leishmania DNA in Sergento-
myia babu during an epidemic of visceral leishmaniasis 
in India, Mutinga et al. [10] found a natural infection of 
L. major in Sergentomyia garnhami in Kenya, and Maia 
et  al.[11] discussed the potential role of Sergentomyia 
species in the transmission of Leishmania.

Determining the vectors of CL in the outbreak area 
is important in the planning of effective control strate-
gies. Entomological studies undertaken from 2004 until 
2008 indicated that almost 99.5% of the sand fly species 
in Ghana belonged to the genus Sergentomyia, while 
Phlebotomus rodhaini accounted for the remaining 0.5% 
(Additional file 2: Table S1). The density of the latter was 
so low that its vectorial role was uncertain [1]. Although 

Sergentomyia species predominated in the collections, 
they are not considered vectors of human leishmania-
sis. Thus, to determine the possible vector species in 
the outbreak area, we collected sand flies from human 
habitations and analyzed the blood meals of the blood-
fed females to identify the human-feeding species. How-
ever, since human-feeding behavior of an insect species 
is insufficient to implicate it in disease transmission, the 
criteria for vector incrimination [12, 13] included exam-
ining the species that fed on humans for infection with 
Leishmania species as found in the human hosts [12, 13]. 
Herein, we report the detection and identification of L. 
major DNA in human-feeding Sergentomyia through 
molecular methods.

Methods
Sand fly sampling and preservation
Ghana is bordered by Burkina Faso to the north, the Gulf 
of Guinea to the south, Togo to the east and Cote d’Ivoire 
(Ivory Coast) to the west. Prior to the outbreak of CL in 
Ghana in 1999, an outbreak occurred in Burkina Faso, in 
1996, with about 1845 cases reported [14]. No CL cases 
were reported from the other neighboring countries of 
Ghana, and the outbreak region was close to the south-
ern part of Togo.

In the present study, sand flies were collected in August, 
September and November 2007 (wet season) from three 
outbreak communities: Klefe (06º37ʹN–00º26E), Taviefe 
(06º66ʹN–00º47ʹE) and Hlefe (06º42ʹN–00º22ʹE). These 
sites are within Ho Municipal District, where the ecosys-
tem is semi-deciduous forest. The mean temperature in 
the municipality ranges from 22.0 to 32.0  °C, and it has 
a wet and dry season. A significant number of inhabit-
ants are engaged in farming, which is the main source of 
income. In the communities, the most commonly found 
domestic animals are small ruminants and poultry. In 
earlier, unpublished studies monthly collections were 
undertaken using sticky traps and CDC light traps baited 
with carbon dioxide to collect indoor and outdoor rest-
ing sand flies. In those studies, Sergentomyia species were 
the most commonly detected species (Additional file  2: 
Table  S1). However, in the present study, the focus is 
on indoor resting sand flies. Five houses were randomly 
selected in each of the three communities and sand flies 
were aspirated at varying heights from the walls of three 
rooms in each house. The sand flies were found mostly in 
dark and obscure locations, thus torchlight was used to 
locate them. A battery-powered hand-held aspirator was 
used for their collection. Sampling was carried out from 
0630 to 0830 hours and 1630–1830 hours over 5 days per 
month. The collected sand flies were euthanized with dry 
ice and preserved dry on silica gel in 1.5-ml Eppendorf 
tubes.
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Sand fly dissection and identification
The sand flies were sorted into blood-fed and non-
blood-fed females, which were processed differently. 
The blood-fed females were used for blood meal analy-
sis to determine their human-feeding behavior. The non-
blood-fed females were kept for future investigation.

The head and the last three posterior abdominal seg-
ments of the dried blood-fed females were detached 
using sterile dissecting pins and placed on labeled slides 
in distilled water. The blood-engorged middle section of 
the abdomen of each sand fly was labeled identically to 
the head and posterior abdominal segments, kept dry on 
silica gel, and stored until processed for the determina-
tion of the blood meal source(s).

Approximately two drops of clearing medium (1:1, 
chloral hydrate:phenol) were applied to the head and 
posterior abdomen on a slide for clearing of the soft tis-
sue over an 8–12 h incubation. A cover slip smeared with 
vaseline at the edges was placed on top of the specimen 
to seal the cover slip to the slide and prevent the volatile 
clearing medium from leaking or drying out. The speci-
men was then incubated overnight to clear the remain-
ing tissue and chitin. The cover slip was then carefully 
removed and mounting medium (10:8:70:5:3, distilled 
water:gum arabic:chloral hydrate:glycerin:acetic acid) 
was added. The parts were allowed to incubate on a heat-
ing plate at 40  °C for 3  weeks and were then observed 
under a phase contrast microscope for species identifica-
tion using taxonomic keys [15].

Identification of blood meal sources and analysis
Blood meal origin was determined by direct enzyme-
linked immunosorbent assay (ELISA), using anti-human 
immunoglobulin (Ig) G, anti-goat IgG, anti-bovine IgG 
and anti-chicken IgG with standard methods [16, 17]. 
The human blood index (HBI) was calculated for the 
communities, and also for months, as per the definition 
of Lardeux et al. [18], based on the number of samples of 
each species where the blood was derived from humans, 
and the total number of samples analyzed.

DNA extraction
Unfed sand flies collected at the same time as the blood-
fed flies, as well as the carcasses of the human blood-fed 
ones, were used to determine natural infections. The dis-
sected thorax and attached proximal abdomen of unfed 
sand flies and carcasses of human blood-fed ones were 
separated according to species and collection site and 
pooled into groups of 10 individuals in sterile tubes for 
DNA extraction. Pools of 10 flies were made to maximize 
the possibility of detecting flies positive for Leishmania 
because pools comprising material from more flies some-
times result in PCR inhibition due to the presence of 

PCR inhibitors in the insect cuticle. Total genomic DNA 
from each pool of female sand flies was extracted using 
the Qiagen DNA Mini Kit (Qiagen, Valencia, CA) as per 
the manufacturer’s instructions. DNA was eluted in 50 
µL of elution buffer and stored at − 20 °C until required.

Detection and identification of Leishmania species
PCR reactions targeting internal transcribed spacer 
region 1 (ITS1) were performed for the detection of 
Leishmania DNA in sand flies. The primer sequences 
were 5ʹ-TGA​TAC​CAC​TTA​TCG​CAC​TT-3ʹ (L5.8S) 
and 5ʹ-CTG​GAT​CAT​TTT​CCG​ATG​-3ʹ (LITSR) [19]. 
Amplification reactions were carried out in 25-µl vol-
umes containing 200  µM of dNTP, 1.5  mM MgCl2, 
two units Taq polymerase, 500  nM of each primer and 
0.5  µl of extracted DNA as a template. Each PCR reac-
tion included 5  µg positive control DNA [from refer-
ence strains Leishmania major (IPAP/EG/89/S1-177) 
and Leishmania tropica (WR664)] and a negative con-
trol (water). After initial denaturation at 95 °C for 2 min, 
PCR amplification was performed with 34 cycles consist-
ing of denaturation (95 °C for 20 s), annealing (53 °C for 
30 s), and extension (72 °C for 1 min), followed by a final 
extension cycle at 72 °C for 6 min. Five microliters of the 
amplification reaction product was resolved on a 2% aga-
rose gel and visualized.

ITS1–PCR products showing a Leishmania-specific 
band on agarose gel were digested with HaeIII (Invitro-
gen) for species identification [20]. Restriction fragments 
were subjected to electrophoresis on 2% agarose gel and 
compared with reference DNA of L. major and L. tropica.

Statistical analysis
The infection rate of Leishmania parasites in indoor-
captured sand flies was estimated using the PoolScreen2 
program generously provided by Dr Charles Katholi (The 
University of Alabama, Birmingham) [21]. The algorithm 
was used to calculate the maximum likelihood estimate 
of Leishmania infection in sand flies, with a 95% confi-
dence interval.

Ethics statement
The study did not involve the collection of human sam-
ples or the direct participation of community members. It 
was focused only on the collection of sand flies resting in 
houses. Thus, the communities where sampling was done 
were informed of the project and consent was sought 
from the local authorities of each community. Informed 
oral consent was obtained from the households where 
sand fly sampling was carried out. Due to the high illiter-
acy rate in the communities, the acceptance of the heads 
of households was recorded by the team leader. The data 
were collected in such a way that the results could not be 
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linked to individuals, or households, thus ensuring their 
anonymity, and approval was obtained from the Institu-
tional Review Board of the Noguchi Memorial Institute 
for Medical Research.

Results
A total of 1845 indoor-resting sand flies were collected 
from human dwellings in the three focal outbreak com-
munities during the collection period, from August 
through September 2007. The highest number of flies, 
916 (50%), was collected from Klefe, followed by 645 
(35%) from Hlefi and 284 (15%) from Taviefe. The total 
number of females and males was 1342 and 503, respec-
tively, without significant differences in the female:male 
ratio observed among the collections from the different 
communities.

Morphological identification of sand flies
Of the 1342 female sand flies captured, 1051 were mor-
phologically identified to species level. Nine sand fly spe-
cies were identified, all of which belonged to the genus 
Sergentomyia (Table 1). Sergentomyia africana africana, 
Sergentomyia ingrami, Sergentomyia dissimillima and 
Sergentomyia simillima were the most abundant species 

in all the study areas, with a cumulative prevalence of 
29.0%, 24.4%, 18.8% and 21.5%, respectively (Table 1). Of 
the 1342 total captured females, 275 (20.5%) were found 
to have taken a blood meal (Klefe, n = 175; Hlefi, n = 65; 
Taviefe, n = 35) (Table 2). Photomicrographs of the mor-
phological features of female S. ingrami are provided 
(Additional file  1: Fig. S1) showing the pharynx (Addi-
tional file 1: Fig. S1A), pharyngeal armature [magnified in 
section 1A (Additional file 1: Fig. S1B)], cibarium (Addi-
tional file 1: Fig. S1C) and spermatheca (Additional file 1: 
Fig. S1D).

Identification of sand flies and their blood meal sources
Two hundred and seventy-five blood-fed females were 
dissected and successfully identified. Fifteen other flies 
that had also taken a blood meal were damaged during 
processing and could not be identified definitively. All 
275 blood-fed individuals belonged to one of four species 
of the genus Sergentomyia—Sergentomyia simillima, Ser-
gentomyia ingrami, Sergentomyia africana africana and 
Sergentomyia antennata—in the following proportions: 
38.2%, 34.5%, 26.9% and 0.4%, respectively (Table 2).

The 275 blood-engorged identified female sand flies 
were tested for the origin of their blood meal using direct 

Table 1  Female phlebotomine sand flies collected from human habitations in each of the three outbreak communities of Ho District, 
Ghana

Species (subgenus) Sand fly collection location [n (%)] Total

Taviefe Klefe Hlefi

Sergentomyia africana africana 40 (3.8) 70 (6.7) 195 (18.6) 305 (29.0)

Sergentomyia (Neophlebotomus) ingrami 56 (5.3) 120 (11.4) 80 (7.6) 256 (24.4)

Sergentomyia (Sintonius) clydei 0 (0.0) 0 (0.0) 1 (0.1) 1 (0.1)

Sergentomyia (Sergentomyia) buxtoni 0 (0.0) 0 (0.0) 1 (0.1) 1 (0.1)

Sergentomyia (Sergentomyia) simillima 31 (2.9) 140 (13.3) 55 (5.2) 226 (21.5)

Sergentomyia (Sergentomyia) schwetzi 7 (0.7) 0 (0.0) 0 (0.0) 7 (0.7)

Sergentomyia (Sergentomyia) hamoni 2 (0.2) 50 (4.8) 4 (0.4) 56 (5.3)

Sergentomyia (Sergentomyia) distinct 0 (0.0) 1 (0.1) 0 (0.0) 1 (0.1)

Sergentomyia (Sergentomyia) dissimillima 16 (1.5) 134 (12.7) 48 (4.6) 198 (18.8)

Total 145 (13.8) 515 (49.0) 391 (37.2) 1051 (100)

Table 2  Proportions of blood-fed individuals of sand fly species collected in each of three outbreak communities of Ho District, Ghana

Community Sand fly species Total

Sergentomyia africana 
africana

Sergentomyia 
antennata

Sergentomyia ingrami Sergentomyia simillima

Hlefi 27/74 (36.5%) 0/1 (0.0%) 21/95 (22.1%) 17/105 (16.2%) 65

Klefe 43/74 (58.1%) 1/1(100%) 44/95 (46.3%) 87/105 (82.9%) 175

Taviefe 4/74 (5.4%) 0/1 (0.0%) 30/95 (31.6%) 1/105 (0.9%) 35

Total 74 1 95 105 275
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ELISA. Of these, 128 (46.6%) had gut contents that were 
reactive to at least one of the three antibodies used for 
this investigation. The remaining blood-fed sand flies 
had possibly fed on animals other than those tested for 
in this study. Reactive gut contents of 66 of the sand flies 
indicated patent mixed blood meals (Table 3). Thus, the 
majority of the blood-fed females (24.0%, n = 66) with 
positive reactive gut content had taken a multiple blood 
meal (two or three sources), whilst the remaining 22.6% 
(n = 62) had taken a single blood meal. Of the multiple 
blood meals, 95.5% (63/66) included human blood, and 
40.3% (25/62) of the single-source blood meals com-
prised human blood. None of the blood-fed sand flies had 
fed on bovine blood.

Chickens were the most common source of the blood 
meals. However, a high proportion of each sand fly spe-
cies also fed on humans. Of the sand flies analyzed, 31.6% 
(30/95) of S. ingrami, 38.1% (40/105) of S. simillima and 
24.3% (18/74) of S. africana africana fed on humans. The 

HBI varied from community to community for each sand 
fly species (Fig. 1). The overall HBI for the three commu-
nities combined ranged from 0 to 31%, and the highest 
HBI was for S. simillima (Table 4).

Detection of Leishmania infection in sand flies
Thirty pools of S. africana africana, 25 pools of S. 
ingrami, 19 pools of S. dissimillima, 23 pools of S. simil-
lima and five pools of S. hamoni (each pool comprising 
material from 10 insects) were processed using PCR for 
Leishmania detection. ITS1-PCR produced a single dis-
tinct amplicon of approximately 340  base pairs in one 
pool of human blood-fed S. ingrami from Klefe and two 
pools of unfed S. ingrami from Hlefi (Fig. 2a). The PCR–
restriction fragment length polymorphism analysis with 
endonuclease HaeIII produced fragments characteristic 
of L. major (Fig. 2B).

The minimum sand fly infection rate, assuming that 
each PCR-positive pool included at least one infected 
insect, was 0.29% among the analyzed samples. The 
PoolScreen2 algorithm estimated an S. ingrami infection 
rate of 1.27% (95% confidence interval, 2.467–3.647).

Table 3  Number of individuals of four species of sand flies that fed on single or multiple blood sources

Blood meal Sand fly species Total

Sergentomyia africana 
africana

Sergentomyia ingrami Sergentomyia simillima Sergentomyia antennata

Chicken 13 6 13 – 32

Human 7 9 9 – 25

Goat 0 4 1 – 5

Chicken and goat 1 1 1 – 3

Chicken and human 9 11 17 – 37

Goat and human 0 3 2 – 5

Chicken, goat and human 2 7 12 – 21

Bovine 0 0 0 – 0

Unidentified blood source 42 54 50 1 147

Total 74 95 105 1 275

Fig. 1  Variation in the human blood index among the collected sand 
fly species

Table 4  Human blood index of blood-fed females of the sand 
fly species collected indoors in the three Ghanaian outbreak 
communities

Sand fly species Human 
blood index 
(%)

Sergentomyia africana africana 6.6

Sergentomyia ingrami 11.0

Sergentomyia simillima 14.6

Sergentomyia antennata 0
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Discussion
Before 1999, Ghana was not known to be endemic for 
CL. The outbreak of CL in Volta Region in 1999 indi-
cated an urgent need to understand the transmission 
dynamics of the disease in Ghana. Monthly entomo-
logical sampling carried out from January 2006 to May 
2007 revealed that 99.8% (21,980/22,016) of the sand 
flies collected were Sergentomyia and 0.2% (36/22,016) 
Phlebotomus, the putative vector of CL in the Old 
World (Additional file  2: Table  S1). However, the den-
sity of Phlebotomus was so low that its vectorial role 
was uncertain. In the present study, only Sergentomyia 
species were identified from the sampled communities.

Human-feeding behavior is one of the essential fac-
tors for the implication of a vector in the transmis-
sion of pathogens to humans, while data on attraction 
to other hosts can also shed light on the association 
between potential vectors and natural reservoirs of 

pathogens. Generally, human landing catches (HLC) 
provide evidence of the human-feeding nature of vec-
tors. However, the HLC method is labor intensive and 
also challenging in the light of ethical constraints. 
An alternative method for determining human-feed-
ing behavior is to identify human blood in blood-fed 
insects. Accurate knowledge of the blood meal source 
provides critical information on host preference includ-
ing human-feeding behavior under natural conditions.

In the area of the leishmaniasis outbreak in Ghana, of 
which the vectors were unknown, sand fly collection 
indicated that Sergentomyia species were the most pre-
dominant and Phlebotomus species the most insignificant 
species. This led to the hypothesis that Sergentomyia spe-
cies may play a role in the transmission of leishmaniasis 
in this area of deciduous forest [1]. The finding in the 
present study that all the sand flies collected from human 
dwellings, including those that were blood-fed, were of 
the genus Sergentomyia is consistent with the results of 
previous sampling of sand flies in the same areas [2, 3], 
and indicates that some species of this genus do have an 
association with humans in the outbreak area. The genus 
Sergentomyia also predominates in other West African 
countries, such as Mali [22], Senegal [23] and Nigeria [24].

The proportion of sand flies that had fed on multiple 
blood sources was greater than the proportion that had 
taken a single blood meal and was indicative of oppor-
tunistic or eclectic feeding habits [25–27]. The results 
indicated that most of the sand flies in the area feed on 
any available host that is close to them, and may also 
engage in selecting the best food source from the range 
of available hosts. Moreover, the finding that about 95.5% 
of the multiple blood meals and 40.3% of the single blood 
meals originated from human hosts indicated that the 
Sergentomyia species present in the studied areas exhibit 
human-feeding behavior.

The sand flies had fed more on chicken blood than on 
human blood, which is suggestive of exophagic and endo-
philic behaviors. It has been reported that chicken blood 
supports the development of Leishmania in vectors. One 
study reported that chicken blood likely supports the 
development of Leishmania mexicana in Lutzomyia lon-
gipalpis [28]. Also, chicken blood was found to support 
the development of L. major in P. duboscqi [29]. Noguera 
et  al. [30] observed that chicken blood enhanced the 
reproductive potential of sand flies, since it was quickly 
digested, resulted in the longest period of oviposition, the 
greatest number of eggs retained, and the greatest fecun-
dity, compared with the other sources of blood, which 
included horses, dogs, cows, goats, pigs and humans. 
While the blood meal sources of 147 flies could not be 
identified in the present study, these may have provided 
some indication of the reservoirs of Leishmania in the 

Fig. 2  a Detection of Leishmania DNA in Sergentomyia ingrami pools 
using internal transcribed spacer region 1-polymerase chain reaction. 
M 100-base pair marker, lane 1 positive control with 5 µg DNA from 
Leishmania tropica, lane 2 positive control with 5 µg DNA from 
Leishmania major, lane 3 amplified Leishmania DNA within the human 
blood-fed S. ingrami pool, lanes 4 and 5 amplified Leishmania DNA 
within unfed S. ingrami pools, lane 6 negative control. b Polymerase 
chain reaction-restriction fragment length polymorphism analysis of 
internal transcribed spacer region 1 genes obtained with HaeIII. M 
100-base pair marker, lane 1 L. tropica reference strain, lane 2 L. major 
reference strain, lanes 3–5 S. ingrami pools
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study area, and this needs to be investigated further. It is 
also important to determine the effects of chicken blood 
on the transmission of Leishmania in Ghana.

The calculated HBI varied between sand fly species 
and within the same species from one locality to another. 
This indicates that these species do not strictly feed on 
humans but rather do so opportunistically, depending on 
the proportions of humans and other potential hosts that 
live in these areas and the availability of these hosts [31, 
32]. The actual anthropophily of these sand flies needs to 
be examined by undertaking studies aimed at estimating 
their relative host abundance (number and mass) around 
the sampling sites and their preference for humans over 
other available hosts.

Molecular techniques (PCR) have been employed to 
screen sand flies for Leishmania infection [33–36], and 
represent a faster diagnostic tool than digestive tract 
dissection and microscopic examination. Thus, we used 
molecular methods for the detection and identification of 
Leishmania DNA within the sand flies, which were col-
lected indoors.

Sergentomyia simillima, S. ingrami, and S. africana 
africana were found to have fed on humans and, sig-
nificantly, one pool of S. ingrami that had fed on human 
blood was found to be positive for L. major DNA. The 
remaining two positive S. ingrami pools comprised mate-
rial from specimens that did not contain blood in their 
guts, suggesting that S. ingrami may be able to support 
L. major in its midgut after blood meal digestion with-
out the parasite being expelled during defecation. The 
identification in the present study of Leishmania DNA in 
human-feeding S. ingrami in the same CL outbreak area 
where the parasite was identified from a CL patient [3] 
fulfils two essential requirements for the incrimination of 
a sand fly vector [13], as it provides evidence of a natural 
Leishmania-S. ingrami relationship and a possible role of 
S. ingrami as a vector of the disease. However, the pres-
ence of parasite DNA alone does not indicate viability of 
the parasite and further research is required.

Studies conducted in other areas endemic for CL have 
demonstrated that Sergentomyia species such as Sergen-
tomyia garnhami, in Kenya [10], Sergentomyia babu, in 
India [9], Sergentomyia sintoni, in Iran [35], and Sergen-
tomyia darlingi, in Mali [22], can be naturally infected 
by mammalian Leishmania. Human-biting Sergentomyia 
species, Sergentomyia schwetzi, Sergentomyia garnhami, 
Sergentomyia sintoni, Sergentomyia clydei, Sergento-
myia adleri [1, 15] and more recently, Sergentomyia 
dubia, Sergentomyia ingrami, Sergentomyia simillima, 
Sergentomyia africana africana and Sergentomyia ghes-
quierei [2, 23, 37], have also been reported in leishma-
niasis endemic areas. However, it is important to note 
that the only species of the genus Sergentomyia that has 

been colonized and with which experimental infections 
have been conducted, S. schwetzi, was refractory to the 
human-infecting Leishmania species Leishmania major, 
Leishmania donovani andLeishmania infantum [38–40]. 
The parasites did not complete development in the sand 
flies and the infections were lost through the defecation 
of undigested blood remnants [38–40]. It is necessary to 
establish colonies of Sergentomyia species and conduct 
infection experiments to determine their susceptibility 
to Leishmania parasites and establish their role in the 
parasites’ transmission in Ghana. Further knowledge of 
sand fly species is essential to elucidate the transmission 
dynamics of leishmaniasis and develop effective control 
strategies for the disease [32].

There were two limitations to this study. First, the focus 
was on female sand flies, and the males were discarded. 
Future studies should thus include male sand flies to 
enable a better understanding of the sand fly population 
in Ghana. Secondly, an ELISA method was used for the 
blood meal analysis due to limitations in funding at the 
time of the study that prevented the use of newer but less 
easily accessed molecular and matrix-assisted laser des-
orption/ionization–time of flight protein profiling meth-
ods [41–43] which would have increased the accuracy 
of the findings. In addition, the sampling was conducted 
more than 15  years ago. Nonetheless, it is important to 
publish these results as they serve as a baseline for more 
recent research on CL undertaken in Ghana.

Conclusions
Neither Phlebotomus duboscqi nor Phlebotomus rhod-
haini, two species of Phlebotomus previously recorded in 
low densities in the study area [3], were detected in the 
present study, despite the fact that species of the genus 
Phlebotomus are the only reported vectors of leishmania-
sis in the Old World [44]. In contrast, the present study 
shows that some Sergentomyia species feed on humans, 
can harbor Leishmania, and could be involved in the 
transmission of CL in the outbreak area. The observa-
tions from the entomological sampling conducted in the 
outbreak area from 2004 to 2008 strengthen the argu-
ment that Sergentomyia species may play an important 
role in the transmission of leishmaniasis in the outbreak 
focus in Ghana, and add to the growing body of evidence 
that some Sergentomyia species exhibit human-feeding 
behavior and may be involved in the transmission of 
CL. To conclusively validate the role of S. ingrami in the 
transmission of leishmaniasis in Ghana, it is necessary to 
isolate Leishmania from S. ingrami by dissection and to 
undertake experimental transmission studies.



Page 8 of 9de Souza et al. Parasites & Vectors          (2023) 16:154 

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13071-​023-​05767-4.

Additional file 1: Figure S1. Female Sergentomyia ingrami. A: pharynx; B: 
pharyngeal armature; C: cibarium; D: spermatheca (all arrowed).

Additional file 2: Table S1. Monthly collection of sand flies using sticky 
and CDC light traps from January 2006 to May 2007.

Acknowledgements
We thank the many people who invited us into their communities and homes 
during this study.

Author contributions
DA, MDW, and MA conceived the idea and designed the study. KD, CON, SOA, 
MTM, SO, NP, and DKS carried out the field collections and laboratory testing, 
and performed the analysis. DKS wrote the first draft of the manuscript. All the 
authors contributed to the manuscript and reviewed the final manuscript for 
publication. All the authors read and approved the final manuscript.

Funding
This study was self-funded by the investigators and in particular by DAB.

Availability of data and materials
All the data collected during the outbreak investigation were analyzed and are 
included in the manuscript. Raw data are available on request.

Declarations

Ethics approval and consent to participate
No human sampling was conducted in this study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Noguchi Memorial Institute for Medical Research, College of Health Sciences, 
University of Ghana, LG 581, Legon, Accra, Ghana. 2 Ghana Health Service, 
Accra, Ghana. 3 Snyder Institute for Chronic Diseases, Departments of Micro‑
biology, Immunology, and Infectious Diseases, Cumming School of Medicine 
and Comparative Biology and Experimental Medicine, Faculty of Veterinary 
Medicine, University of Calgary, Calgary, Canada. 

Received: 19 January 2023   Accepted: 3 April 2023

References
	1.	 Boakye DA, Wilson M, Kweku M. A review of leishmaniasis in West Africa. 

Ghana Med J. 2005;39:94–7.
	2.	 Kweku MA, Odoom S, Puplampu N, Desewu K, Nuako GK, Gyan B, et al. 

An outbreak of suspected cutaneous leishmaniasis in Ghana: les‑
sons learnt and preparation for future outbreaks. Glob Health Action. 
2011;4:5527.

	3.	 Fryauff DJ, Hanafi HA, Klena JD, Hoel DF, Appawu M, Rogers W, et al. Short 
report: ITS-1 DNA sequence confirmation of  Leishmania major as a cause 
of cutaneous leishmaniasis from an outbreak focus in the Ho District, 
southeastern Ghana. Am J Trop Med Hyg. 2006;75:502–4.

	4.	 Villinski JT, Klena JD, Abbassy M, Hoel DF, Puplampu N, Mechta S, et al. 
Evidence for a new species of Leishmania associated with a focal disease 
outbreak in Ghana. Diagn Microbiol Infect Dis. 2008;60:323–7.

	5.	 Kwakye-Nuako G, Mosore M-T, Boakye D, Bates PA. Description, biology, 
and medical significance of Leishmania (Mundinia) Chancei n. sp. (Kine‑
toplastea: Trypanosomatidae) from Ghana and Leishmania (Mundinia) 

Procaviensis n. sp. (Kinetoplastea: Trypanosomatidae) from Namibia. J 
Parasitol. 2023;109:43–50.

	6.	 Raczniak G, Villinski JT, Puplampu N, Mechta S, Klena JD, Felt S, et al. Cuta‑
neous leishmaniasis in the Volta district of Ghana: an uncertain reservoir 
for focal disease outbreak. Libyan J Infect Dis. 2008;2:26–30.

	7.	 Maroli M, Feliciangeli MD, Bichaud L, Charrel RN, Gradoni L. Phlebotomine 
sandflies and the spreading of leishmaniases and other diseases of public 
health concern. Med Vet Entomol. 2013;27:123–47.

	8.	 Dedet JP, Derouin F, Cornet M. Spontaneous infestation of Phlebotomus 
dubosqui by promastigotes of Leishmania in Senegal. C R Acad Sci Hebd 
Seances Acad Sci D. 1978;286:301–2.

	9.	 Mukherjee S, Hassan MQ, Ghosh A, Ghosh KN, Bhattacharya A, Adhya S. 
Short report: Leishmania DNA in Phlebotomus and Sergentomyia species 
during a kala-azar epidemic. Am J Trop Med Hyg. 1997;57:423–5.

	10.	 Mutinga MJ, Massamba NN, Basimike M, Kamau CC, Amimo FA, Onyido 
AE, et al. Cutaneous leishmaniasis in Kenya: Sergentomyia garnhami (Dip‑
tera, Psychodidae), a possible vector of Leishmania major in Kitui District: 
a new focus of the disease. East Afr Med J. 1994;71:424–8.

	11.	 Maia C, Depaquit J. Can Sergentomyia (Diptera, Psychodidae) play a role in 
the transmission of mammal-infecting Leishmania? Parasite. 2016;23:55.

	12.	 Merritt RW, Walker ED, Small PLC, Wallace JR, Johnson PDR, Benbow 
ME, et al. Ecology and transmission of Buruli ulcer disease: a systematic 
review. PLoS Negl Trop Dis. 2010;4:1–15.

	13.	 Killick-Kendrick R. The life-cycle of Leishmania in the sandfly with special 
reference to the form infective to the vertebrate host. Ann Parasitol Hum 
Comp. 1990;65:37–42.

	14.	 Traoré K, Sawadogo N, Traoré A, Ouedraogo J, Traoré K, Guiguemdé T. 
Preliminary study of cutaneous leishmaniasis in the town of Ouagadou‑
gou from 1996 to 1998. Bull Soc Pathol Exot. 2001;94:52–5.

	15.	 Abonnenc E. Les phlébotomes de la région Éthiopienne (Diptera, Psy‑
chodidae). Mém ORSTOM. 1972;55:1–290.

	16.	 Service MW, Voller A, Bidwell DE. The enzyme-linked immunosorbent 
assay (ELISA) test for the identification of blood-meals of haematopha‑
gous insects. Bull Entomol Res. 1986;76:321–30.

	17.	 Burkot TR, Goodman WG, DeFoliart GR. Identification of mosquito blood 
meals by enzyme-linked immunosorbent assay. Am J Trop Med Hyg. 
1981;30:1336–41.

	18.	 Lardeux F, Loayza P, Bouchité B, Chavez T. Host choice and human blood 
index of Anopheles pseudopunctipennis in a village of the Andean valleys 
of Bolivia. Malar J. 2007;6:1–14.

	19.	 El Tai NO, Osman OF, El Fari M, Presber W, Schönian G. Genetic hetero‑
geneity of ribosomal internal transcribed spacer in clinical samples of 
Leishmania donovani spotted on filter paper as revealed by single-strand 
conformation polymorphisms and sequencing. Trans R Soc Trop Med 
Hyg. 2000;94:575–9.

	20.	 Schönian G, Nasereddin A, Dinse N, Schweynoch C, Schallig HDFH, Pres‑
ber W, et al. PCR diagnosis and characterization of Leishmania in local and 
imported clinical samples. Diagn Microbiol Infect Dis. 2003;47:349–58.

	21.	 Katholi CR, Unnasch TR. Important experimental parameters for 
determining infection rates in arthropod vectors using pool screening 
approaches. Am J Trop Med Hyg. 2006;74:779–85.

	22.	 Berdjane-Brouk Z, Koné AK, Djimdé AA, Charrel RN, Ravel C, Delaunay P, 
et al. First detection of Leishmania major DNA in Sergentomyia (Spe‑
laeomyia) darlingi from cutaneous leishmaniasis foci in Mali. PLoS ONE. 
2012;7:e28266.

	23.	 Senghor MW, Faye MN, Faye B, Diarra K, Elguero E, Gaye O, et al. Ecology 
of phlebotomine sand flies in the rural community of Mont Rolland 
(Thiès Region, Senegal): area of transmission of canine leishmaniasis. 
PLoS ONE. 2011;6:e14773.

	24.	 Asimeng EJ. Preliminary account of the phenology of some Nigerian 
savanna phlebotomine sandflies (Diptera: Psychodidae). J Med Entomol. 
1991;28:578–80.

	25.	 Afonso MMDS, Gomes AC, Meneses CRV, Rangel EF. Studies on the feed‑
ing habits of Lutzomyia (N.) intermedia (Diptera, Psychodidae), vector of 
cutaneous leishmaniasis in Brazil. Cad Saude Publica. 2005;21:1816–20.

	26.	 Dias-Sversutti ADC, Scodro RBDL, Reinhold-Castro KR, Neitzke HC, 
Teodoro U. Preliminary study on feeding preference of Nyssomyia neivai 
(Pinto) and Nyssomyia whitmani (Antunes & Coutinho) (Diptera: Psychodi‑
dae) in a rural area of the State of Paraná, South Brazil. Neotrop Entomol. 
2007;36:953–9.

https://doi.org/10.1186/s13071-023-05767-4
https://doi.org/10.1186/s13071-023-05767-4


Page 9 of 9de Souza et al. Parasites & Vectors          (2023) 16:154 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	27.	 De Colmenares M, Portús M, Botet J, Dobaño C, Gállego M, Wolff M, 
et al. Identification of blood meals of Phlebotomus perniciosus (Diptera: 
Psychodidae) in Spain by a competitive enzyme-linked immunosorbent 
assay biotin/avidin method. J Med Entomol. 1995;32:229–33.

	28.	 Sant’anna MR, Nascimento A, Alexander B, Dilger E, Cavalcante RR, Diaz-
Albiter HM, et al. Chicken blood provides a suitable meal for the sand fly 
Lutzomyia longipalpis and does not inhibit Leishmania development in 
the gut. Parasit Vectors. 2010;3:3.

	29.	 Pruzinova K, Votypka J, Volf P. The effect of avian blood on Leishmania 
development in Phlebotomus duboscqi. Parasit Vectors. 2013;6:1–9.

	30.	 Noguera P, Rondón M, Nieves E. Effect of blood source on the survival 
and fecundity of the sandfly Lutzomyia ovallesi Ortiz (Diptera: Psychodi‑
dae), vector of Leishmania. Biomedica. 2006;26:57–63.

	31.	 Gebresilassie A, Abbasi I, Aklilu E, Yared S, Kirstein OD, Moncaz A, et al. 
Host-feeding preference of Phlebotomus orientalis (Diptera: Psychodidae) 
in an endemic focus of visceral leishmaniasis in northern Ethiopia. Parasit 
Vectors. 2015;8:270.

	32.	 Cecílio P, Cordeiro-da-Silva A, Oliveira F. Sand flies: basic information 
on the vectors of leishmaniasis and their interactions with Leishmania 
parasites. Commun Biol. 2022;5:305.

	33.	 de Pita-Pereira D, Cardoso MAB, Alves CR, Brazil RP, Britto C. Detection 
of natural infection in Lutzomyia cruzi and Lutzomyia forattinii (Diptera: 
Psychodidae: Phlebotominae) by Leishmania infantum chagasi in an 
endemic area of visceral leishmaniasis in Brazil using a PCR multiplex 
assay. Acta Trop. 2008;107:66–9.

	34.	 Kato H, Uezato H, Gomez EA, Terayama Y, Calvopiña M, Iwata H, et al. 
Establishment of a mass screening method of sand fly vectors for Leish-
mania infection by molecular biological methods. Am J Trop Med Hyg. 
2007;77:324–9.

	35.	 Parvizi P, Amirkhani A. Mitochondrial DNA characterization of Sergento-
myia sintoni populations and finding mammalian Leishmania infections in 
this sandfly by using ITS-rDNA gene. Iran J Vet Res. 2007;9:9–18.

	36.	 de Pita-Pereira D, Alves CR, Souza MB, Brazil RP, Bertho ÁL, de Figueiredo 
BA, et al. Identification of naturally infected Lutzomyia intermedia and 
Lutzomyia migonei with Leishmania (Viannia) braziliensis in Rio de Janeiro 
(Brazil) revealed by a PCR multiplex non-isotopic hybridisation assay. 
Trans R Soc Trop Med Hyg. 2005;99:905–13.

	37.	 Tiwananthagorn S, Bhutto AM, Baloch JH, Soomro FR, Kawamura Y, Nakao 
R, et al. Zoophilic feeding behaviour of phlebotomine sand flies in the 
endemic areas of cutaneous leishmaniasis of Sindh Province, Pakistan. 
Parasitol Res. 2012;111:125–33.

	38.	 Lawyer PG, Ngumbi PM, Anjili CO, Odongo SO, Mebrahtu YB, Githure 
JI, et al. Development of Leishmania major in Phlebotomus duboscqi 
and Sergentomyia schwetzi (Diptera: Psychodidae). Am J Trop Med Hyg. 
1990;43:31–43.

	39.	 Sadlova J, Dvorak V, Seblova V, Warburg A, Votypka J, Volf P. Sergentomyia 
schwetzi is not a competent vector for Leishmania donovani and other 
Leishmania species pathogenic to humans. Parasit Vectors. 2013;6:186.

	40.	 Sadlova J, Homola M, Myskova J, Jancarova M, Volf P. Refractoriness of 
Sergentomyia schwetzi to Leishmania spp. is mediated by the peritrophic 
matrix. PLoS Negl Trop Dis. 2018;12:1–19.

	41.	 Yared S, Gebresilassie A, Abbasi I, Aklilu E, Kirstein OD, Balkew M, et al. 
Heliyon A molecular analysis of sand fly blood meals in a visceral leish‑
maniasis endemic region of northwestern Ethiopia reveals a complex 
host-vector system. Heliyon. 2019;5:e02132.

	42.	 Remadi L, Chargui N, Jimenez M, Molina R, Haouas N, González E, et al. 
Molecular detection and identification of Leishmania DNA and blood 
meal analysis in Phlebotomus (Larroussius) species. PLoS Negl Trop Dis. 
2020;14:e0008077.

	43.	 de Sales SKG, Costa PL, de Morais RCS, Otranto D, Brandão-Filho SP, de 
Cavalcanti MP, et al. Identification of phlebotomine sand fly blood meals 
by real-time PCR. Parasit Vectors. 2015;8:230.

	44.	 Claborn D. The biology and control of leishmaniasis vectors. J Glob Infect 
Dis. 2010;2:127.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Investigating potential sand fly vectors after the first reported outbreak of cutaneous leishmaniasis in Ghana
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Sand fly sampling and preservation
	Sand fly dissection and identification
	Identification of blood meal sources and analysis
	DNA extraction
	Detection and identification of Leishmania species
	Statistical analysis
	Ethics statement

	Results
	Morphological identification of sand flies
	Identification of sand flies and their blood meal sources
	Detection of Leishmania infection in sand flies

	Discussion
	Conclusions
	Anchor 22
	Acknowledgements
	References


