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Leishmaniasis transmitted by sandflies is an important vector-borne disease. In Chad,
information on sandflies is outdated, and so this study was designed to update the sandfly
fauna. Sandflies were collected in five health districts representing two geoclimatic zones
using sticky traps and pyrethrum sprays in indoor and peridomestic habitats between
September 2019 and December 2020. All collected sandfly specimens were identified
based on species-level morphological characters. A total of 2,015 specimens belonging
to 13 species of sandflies (one Phlebotomus and twelve Sergentomyia) were collected
and identified. The vector of human cutaneous leishmaniasis, Phlebotomus duboscgi,
represents 0.65% of all collected sandflies and is the only representative of the
Phlebotomus genus to be collected predominantly inside human dwellings.
Phlebotomus orientalis, the vector of visceral leishmaniasis previously collected in Chad
in 1976 was not found in this study. Sergentomyia clydei, Sergentomyia schwetzi,
Sergentomyia antennata and Sergentomyia africana were the most abundant species
collected with 44.71%; 22.73%; 16.03% and 11.17%, respectively. Sergentomyia
schwetzi and Sergentomyia dubia, the two species involved in the transmission of
canine leishmaniasis, were found in five and four study sites respectively. According to
our results, the sandfly fauna of the two geoclimatic zones of Chad is comprised of 13
species. Our data showed that, unlike P. orientalis which was not found, P. duboscqi is
present in four of the five sites surveyed. Therefore, these areas are at risk and remain
potential foci of cutaneous leishmaniasis. However, the need for further studies such as
vector species detection, their seasonal fluctuations and their vector competence.
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INTRODUCTION

Leishmaniasis is a neglected tropical vector-borne disease that is
preventable and treatable. It takes second place after malaria in
terms of the number of people affected (1). Worldwide, 350
million people are at risk of leishmaniasis in 88 countries.

Sandflies are the only known natural vectors of leishmaniases
(2, 3). In addition to leishmaniasis, sandflies transmit numerous
viruses and pathogenic bacteria to humans and animals (4-6). Of
approximately 900 described species of sandflies, 98 transmit at
least 20 different species Leishmania (3, 7).

In Chad, leishmaniasis was not considered a serious public
health problem (8). However, leishmaniasis is currently
reappearing in previously non-endemic areas. Between 1966 and
1976, 64 patients were diagnosed with visceral leishmaniasis at the
hospital in N’Djameéna (9) and it was not until 2004 that another
patient returning from Chad was diagnosed in Marseille/France
(10). For the mucocutaneous leishmaniasis (MCL) form, 6 patients
were diagnosed between 1969 and 1971 (11) and another in 1978
(12). As for cutaneous leishmaniasis (CL), 1,121 cases were reported
between 1968 and 1976 (8). Furthermore, a patient from Chad was
diagnosed in Bangui in 2007 (13). In 2007, during an outbreak in
Sudanese refugee camp in Treguine (Chad), 200 patients tested
positive for CL (14). Also, in Amtiman, 580 cases were reported in
2015 during a retrospective study (15).

Only a few recent studies are available on the distribution and
diversity of phlebotomine species vectors of leishmaniasis in
Chad, and there is a lack of studies on the parasites responsible
for causing CL and visceral leishmaniasis (VL) as well as what are
the natural reservoirs and transmission mechanisms. Taking that
into account, the present study was undertaken to update the
distribution and diversity of sandfly species in five health districts
located in two geoclimatic zones of Chad.

The first notes mentioning sandflies in Chad date from the
colonial period. In his memoir “Ma pratique medicale au Tchad”
(My medical practice in Chad), Malval spoke of papataci fever
transmitted by sandflies in Abéché (16), but the first work on the
inventory of sandflies identified 15 species, including two
anthropophilic species (17). Thus, Phlebotomus duboscqi and
Phlebotomus orientalis were suspected to be vectors of CL and
VL respectively (8).

MATERIALS AND METHODS
Study Area

This study was conducted in Chad, a landlocked country in
central Africa with a continental climate. The country is divided
into three geoclimatic zones: desert in the north, Sahelian in the
center, and Sudanese in the south. Our study area covers five
health districts representing two different geoclimatic zones
(Sahelian and Sudanian) selected according to the
epidemiological history of leishmaniasis and recent records of
sandfly presence (Figure 1):

m  Amtiman (11°02°24”N, 20°17°01”E) is the capital of Salamat
Province located in Sudanian zone in the southeast part of the

FIGURE 1 | Map showing the geoclimatic zones and location of the five
study sites.

country on the border with the Central African Republic. The
climate is Sudanian with a rainy season from May to October
and an average annual temperature of 26°C which can reach
40°C in April. Rainfall can reach 900 mm in certain seasons.
The town of Amtiman is built on the banks of the Azoum
River, which overflows every rainy season, isolating the town
and causing promiscuity between the inhabitants and the
domestic animals, which include large and small cattle. The
vegetation is made up of trees and thorny shrubs that mostly
lose their leaves in the dry season. Epidemiologically, several
cases of cutaneous leishmaniasis have been reported in the
province (15), however, no information on vectors is
available;

N’Djaména (12°17’north, 15°3’east) is the capital of Chad
and the country’s largest city. Located in the Sahelian zone, it
is built on both sides of the Chari River and covers an area of
499 km2 with 1,653,977 inhabitants. The average annual
rainfall is between 500 and 600 mm per year and lasts 3 to
4 months. The average annual temperature is above 30°C,
with a maximum of 47°C in April. This site was chosen based
on historical knowledge of human leishmaniasis (visceral and
cutaneous) and canine leishmaniasis (8, 9);

Lai (N 9°24” E 16°18’), the capital of Tandjile Province is
located in the Sudanian zone of the country. It is built on a
flood plain with sandy-clay soil on the banks of the Tandjile
River, which isolates it from the country’s other towns each
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year during most of the rainy season. Rainfall (1,000 mm) is
spread over six months (May to October), although it is more
frequent in August than in other months. The average
temperature is 26°C and the maximum of the hottest
month is 40°C. Surrounded by large rice fields which
represent the main activity of the population, other
activities are fishing but also livestock concentrated on
cattle, small ruminants and pigs;

m  Bahili (11° 24’ north, 16° 10’ east) located in the Loug Chari
Department in the Sudanian zone, 40 km from Bousso, is the
capital of the Chari-Baguirmi Province and is 265 km from
N’Djamena. The average annual temperature is over 28°C and
the annual isohyet is over 900 mm. The main activities of the
population are agriculture, livestock, trade and fishing. The
main agricultural products are beans, sesame, corn and millet.
The most important domestic animals are cows, sheep, goats
and chickens;

m  Bongor (N 12° 16°, 00” E 15° 22’ 00”) is the capital of the
Mayo Kebbi East Province. It is located in the Sudanian zone
in southwestern Chad, 236 km from N’Djamena, and shares
its international border with Cameroon. The annual isohyet is
over 900 mm per year and the average annual temperature
varies between 26°C and 28°C. The city is built on the banks
of the Logone River in a flood plain where rice cultivation,
market gardening, fishing, and the raising of small ruminants
and pigs are the main activities of the local population. The
choice of this town was justified by a large number of sandflies
captured during entomological studies on malaria vectors and
sporadic cases of cutaneous leishmaniasis reported by the
district hospital.

Sand Fly Collection and Identification

Collections were conducted between September 2019 and
December 2020 eight consecutive days per site. Two different
methods were used to collect sandflies: castor oil-soaked papers
and insecticide spraying. At each site, sampling was conducted in
two different sandfly habitats: (i) Indoor habitats consisting of
human bedrooms; and (ii) peri-domestic habitats consisting of
animal shelters, and agricultural fields. At each site, 30 indoor
sticky traps (IST) were set in 10 rooms for three consecutive
nights and 30 outdoor sticky traps (OST) in peri-domestic
habitats for three consecutive nights. For insecticide spraying,
10 rooms per site were sprayed per day for five consecutive days
at a rate of 50 rooms per site. Captured sandflies were identified
on the basis of morphological characters under the light
microscope using dichotomous keys of Abonnenc (18).

Diversity Analyses

Biodiversity analyses were carried out for each city considering
the Shannon and Dominance indices. The Shannon index takes
into account species abundance and richness, less diversity will
result in lower values, whereas a more diverse community
composition will result in higher values. Dominance (1-
Simpson) index estimates the relationship between species
richness and abundance, in which values close to 1 imply the
community composition is comprised of a unique species and

values close to 0 implies a uniform distribution between species
richness and abundance (19). Analyses were carried out with
10,000 randomizations where each randomization is done
without replacement using a 95% confidence interval. Diversity
analyses were done using Past software (v.3.16) (20).

RESULTS

A total of 2,015 sandflies were collected and identified. The
sandfly fauna included both the genus Phlebotomus (P.) and
Sergentomyia (S.). Fifty-eight other specimens in the collections
could not be identified due to damage during collections or the
absence of essential morphological characters. These specimens
were then classified as genus Sergentomyia spp. Thirteen species,
comprising 2,015 specimens, were morphologically identified to
the species level (Table 1). For the first time, S. dubia, S.
schoutedeni, and S. fallax were collected in Chad.

Cumulatively, males were more abundant than females for
most species and collection sites except for S. antennata, S.
bedfordi, S. dubia, S. schoutedeni and S. squamipleuris. The male-
to-female sex ratio captured was approximately 1:1 (Table 1).

The species richness ranged from six to 12 species among all
cities surveyed. The city of N'Djamena, located in the Sahelian
geoclimatic zone, had the lowest richness among all collection
sites with six species. On the other hand, the city of Bongor,
located in the Sudanian geoclimatic zone, yielded the highest
richness comprising 12 species. However, despite yielding the
lowest richness value, the city of N'Djamena had a more even
community composition when compared to all other cities but
Amtiman. The city of Lai yielded the highest Shannon index
value as well as the lowest Dominance index value indicating a
more diverse and even species composition (Table 2).

DISCUSSION

In Chad, data on the diversity and distribution of sandflies are
dated. The first inventory of the sandfly fauna, which combined
the work of Abonnec and other researchers with that of Lewis
and Hitchcock, collected a total of 15 sandfly species (17).

Even though 15 species of sandflies were previously recorded
in Chad, during this study only 13 species were collected.
Furthermore, five sandfly species that were previously collected
were not found in this study (P. orientalis, P. bergeroti, S.
murphyi, S. inermis and S. adleri),. Conversely, we collected
three additional species that were never reported in Chad (S.
dubia, S. schoutedeni, and S. fallax). The absence of species from
the previous fauna and the appearance of species detected for the
first time would be due either to collection method,
misidentification, environmental disturbances of human or
climatic origin leading to their disappearance, and to the
migration of other species that have adapted and proliferated
in their new environment.

P. duboscqi, already reported in Chad (in N'Djamena, Abéché
and Ouarai), is the only representative of the genus Phlebotomus
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TABLE 1 | Diversity of sandfly species in the five study sites.

Genus Species Females
n %

Phlebotomus P. duboscqi 3 0.23

Sergentomyia S. affinis vorax 0 0.00
S. africana 92 40.89
S. antennata 171 52.94
S. bedfordi 10 100.00
S. buxtoni 4 44.44
S. clydei 447 49.61
S. dubia 8 80.00
S. fallax 1 25.00
S. magna 2 6.90
S. schoutedeni 21 70.00
S. schwetzi 177 38.65
S. squamipleuris 2 100.00
Total 938 46.55

Males Total
n % N %
10 0.77 13 0.65
1 100.00 1 0.05
133 59.11 225 11.17
1562 47.06 323 16.03
0 0.00 10 0.50
5 55.56 9 0.45
454 50.39 901 44.71
2 20.00 10 0.50
3 75.00 4 0.20
27 93.10 29 1.44
9 30.00 30 1.49
281 61.35 458 22.73
0 0.00 2 0.10
1077 53.45 2015 100.00

identified during this study and collected in four of the five
districts, which could suggest that transmission of the disease is
possible throughout the area. The range of distribution of this
species is very wide. It extends from Senegal to Ethiopia
through the Gulf of Guinea and the neighboring countries of
Chad (18,21-23). This species is the vector of cutaneous
leishmaniasis caused by Leishmania major in West and East
Africa (24, 25) and is thought to be responsible for the cases of
cutaneous leishmaniasis recorded in Chad (14, 15). P. duboscqi
was mostly collected inside human houses (76.9%). The presence
of this species caught inside human houses was expected as it had
already been recorded in Bamako (26) and central Mali (24).
Another epidemiologically important species of the genus
Phlebotomus, Phlebotomus orientalis, a vector of visceral
leishmaniasis in East African countries (27), already identified
in Chad, was not found during our surveys, although it has been
reported in countries bordering Chad, specifically Niger, Sudan
and Nigeria (18, 21, 28). The absence of this important species in
our collections despite its reported presence in neighboring

countries does not prove that this species does not exist but
may be due to collection methods because in the survey that
allowed its collection, light traps were used (17). In Ethiopia,
light traps were more effective in capturing this species than
sticky traps and pyrethrin spraying combined (29).

Species of the genus Sergentomyia were almost predominant
in the collections compared to the genus Phlebotomus with
99.35% of species identified. This predominance has already
been observed in many surveys, notably in Chad (17), Nigeria
(23), Cameroon (22) and Senegal (30). Four species of this group
(S. clydei, S. schwetzi, S. antennata and S. africana) were the most
common and abundant both in the peridomestic environment
and in human habitations. They represented 95% of all
Sergentomyia captured. These species have a wide distribution
in the Afrotropical zone, extending from West Africa to Ethiopia,
much of East Africa (18) and are most often found in large
numbers (21, 31). The identification of DNA and/or parasites of
Leishmania in several species of the genus Sergentomyia raise
questions regarding their potential role in the circulation of

TABLE 2 | Total number of sandflies collected in the cities of Amtiman, Bahili, Bongor, Lai, and N'Djamena, Chad.

Species Amtiman Bahili Bongor Lai N’Djamena
P. duboscqi 5 2 1 5 0
S. affinis vorax 0 0 1 0 0
S. africana 77 17 62 33 36
S. antennata 30 41 193 29 30
S. bedfordi 0 0 4 6 0
S. buxtoni 0 0 6 0 3
S. clydei 303 89 203 110 196
S. dubia 1 0 7 1 1
S. fallax 0 0 3 1 0
S. magnus 8 4 12 5 0
S. schoutedeni 1 6 6 17 0
S. schwetzi 121 30 108 45 154
S. squamipleuris 0 1 0 1 0
Relative Abundance 546 190 606 253 420
Species Richness 8 8 12 11 6

Shannon Index
Dominance Index

1.22 (IC: 1.156-1.9)
0.38 (IC: 0.34-0.41)

1.46 (IC: 1.33-1.57)
0.30 (IC: 0.25-0.35)

1.57 (IC: 1.5-1.64)
0.25 (IC: 0.24-0.27)

1.67 (IC: 1.56-1.78
0.25 (IC: 0.22-0.30)

117 (IC: 1.10-1.23)
0.36 (IC: 0.34-0.39)
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mammalian leishmaniasis in the Old World and has draw
general interest (32). S. schwetzi, S. dubia and S. clydei, three of
these species, whose epidemiological importance has been
published, were collected during our survey, Indeed, S. schwetzi
and S. dubia collected indoor rooms and in the peridomestic
environment as in our study, had been found infected by
Leishmania infantum and involved in the transmission of
canine leishmaniasis in Mont-Rolland, Senegal (30).

During our collection, S. schwetzi was found in all five study
sites while S. dubia was collected in four of the five sites. Thus,
surveillance is necessary to avoid an epidemic and the
establishment of an endemic focus of canine leishmaniasis in
these areas in case of importation of the disease. In N’Djamena,
since 1973, after six years of observation, the veterinary service
identified Leishmania parasites in the smears of two infested
dogs (8). One of these two species would probably be at the
origin of the transmission of the parasite to dogs, which
represent the reservoir and potentially the main source of
infection of visceral leishmaniasis due to Leishmania infantum
to humans in Chad. Regarding S. clydei, it is the most common
and most collected species since it represents 44.71% of
Sergentomyia and is present in all five study sites. The latter is
found infested by Leishmania major in Tunisia (33), it would
participate perhaps next to P. duboscgi, in the transmission of
cutaneous leishmaniasis.

In the present study, the number of species collected was much
higher in the Sudanian zone than in the Sahelian zone and this
should be influenced by the climatic and environmental
conditions of temperature, humidity and rainfall. Indeed, sandfly
species adapt to temperature and humidity ranges around 25-28°C
and saturated humidity. These conditions are similar to those of
the Sudanian zone, so that in N'Djamena, although many sandflies
were captured compared to other sites, the species diversity was
lower, with six species out of 13 identified. Our results are similar
to those obtained in a study conducted in Mali in the same
geoclimatic zones where nine sand fly species were identified in
the Sahelian zone compared to 13 in the Sudanian zone (34).
Similarly, in Brazil, a study of sandfly community composition
concluded that species richness, abundance and composition were
significantly higher in the wet than in the dry environment (35).
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