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Abstract

Visceral leishmaniasis remains a major neglected tropical disease and an im-
portant public health challenge in the Tibesti province of Chad. During this
five-year period, cutaneous leishmaniasis was very rare, with only a few iso-
lated cases. This study aimed to characterize the epidemiological profile of
leishmaniasis in Tibesti between 2021 and 2025. It was conducted at the Bardai
hospital. Data were collected from laboratory registers. All suspected cases of
leishmaniasis were confirmed through laboratory testing. Of the 1031 sus-
pected cases, 232 were confirmed positive, yielding a positivity rate of 22.5%.
Visceral leishmaniasis accounted for the overwhelming majority of cases

DOI: 10.4236/aid.2026.163035 Sep. 10, 2026 495 Advances in Infectious Diseases


https://www.scirp.org/journal/aid
https://doi.org/10.4236/aid.2026.163035
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0000-0001-6893-3593

M. S. Issa et al.

How to cite this paper: Issa, M.S., Djiddi,
A.S., Mahamat Moussa, H.T., Mahamat
Saleh, I.D., Ahmat Allafouza, D., Mahamat
Ali, A.S., Mahamat Amine, O., Abdelkerim
Issa, M., Hotchkin, A.M., Hotchkin, A.].,
Kodindo, I., Mahamat Idriss, D., Adam, B.,
N’garadoum, O., Madjigoto, J.H., Adoum
Mahamat, O., Anya, B.-P.M., Djim-
rasengar, H., Moialbaye, M.T., Kerah
Hinzoumbé, C., Kaltam Abderaman, Y.,
Mahamat, A., Hagar, I.A,, Manah, H.,
Meram, A., Mahamat, A.A., Ahmat, T.,
Mahamat, Z.Z., Djilolmbairangar, J.-E.,
Hassan, M.A., Djarma, O.M., Otchom, B.B.
and Bolti, M.A. (2026) Epidemiological As-
sessment of Leishmaniasis in Tibesti Prov-
ince, Chad (2021-2025). Advances in Infec-
tious Diseases, 16, 495-509.
https://doi.org/10.4236/aid.2026.163035

Received: June 30, 2026
Accepted: September 7, 2026
Published: September 10, 2026

Copyright © 2026 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

(97.4%), whereas cutaneous leishmaniasis was infrequent (2.6%). The disease
disproportionately affected children under five years of age (52.2%) and males
(77.4%). The Analysis revealed a high concentration of cases in the Bardai and
Zouar health districts. An increasing trend was observed over the study pe-
riod, with the positivity rate rising from 19.0% in 2021 to 33.6% in 2025. These
findings underscore the urgent need to strengthen surveillance systems and
improve access to early diagnosis and treatment, particularly among high-risk
populations.
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1. Introduction

Leishmaniasis is a parasitic disease caused by protozoa of the genre Leishmania,
transmitted to humans through the bite of infected phlebotomes [1] [2]. It is a
protzoal infectious disease characterized by the presence and multiplication of
flagellated parasites of the genre Leishmania within the cells of the mononuclear
phagocytic system [3] [4]. There are three main clinical forms of leishmaniasis:
visceral leishmaniasis, the most severe form, which is almost always fatal if left
untreated; cutaneous leishmaniasis, the most common form, which generally
causes skin ulcers; and mucocutaneous leishmaniasis, which affects the mucous
membranes of the mouth, nose, and throat [5]. According to the WHO, the case
definitions are as follows:

1) A suspected case of VL is defined as any person with a fever that has persisted
for more than two weeks, accompanied by splenomegaly and/or hepatomegaly,
weight loss, pallor, or other signs of impaired general health, who resides in an
endemic area. The diagnosis is confirmed by serological tests and/or detection of
the parasite;

2) Confirmed cases: A confirmed case of visceral leishmaniasis (VL) is a suspected
case in which infection with Leishmania spp. has been confirmed by laboratory tests;

3) A suspected case of CL is defined as any person with one or more chronic
skin lesions that have been present for more than two weeks, do not respond to
standard antibacterial treatments, and who resides in or has traveled to an area
where cutaneous leishmaniasis is endemic;

4) A confirmed case of CL is a suspected case in which infection with Leishma-
nia spp. is confirmed by a laboratory test that detects the parasite or its genetic
material;

5) A local or indigenous case of CL is a confirmed case in a person who con-
tracted the infection in the geographic area where the diagnosis was made, with
no recent history of travel to another endemic area during the incubation period;

6) An imported case of CL is a confirmed case in a person who contracted the
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infection outside the region where the diagnosis was made, usually after a stay in
another region or country where the disease is endemic [5].

Leishmaniasis represents a major public health problem in many regions of the
world, particularly in arid and resource-limited settings [6] [7]. Globally, an esti-
mated 700,000 to 1 million new cases of leishmaniasis occur annually, including
50,000 to 90,000 cases of visceral leishmaniasis. However, these figures are likely
underestimated due to underreporting [8]. Leishmaniasis is endemic in more than
90 countries worldwide, particularly in Africa, Asia, and Latin America [9], Vis-
ceral leishmaniasis is especially prevalent in East Africa and certain regions of the
Sahel [10]. In Chad, epidemiological data on leishmaniasis in general, and on its
visceral form in particular, remain limited due to poor disease awareness, insuffi-
cient technical capacity for parasitological diagnosis, and the lack of appropriate
data collection tools. In the Tibesti province specifically, epidemiological data are
scarce and fragmented. In this context, there is a critical need to better understand
the dynamics of leishmaniasis in this region [5]. Therefore, this study aims to as-
sess the epidemiology of leishmaniasis in the Tibesti province of Chad over the
period 2021-2025.

2. Materials and Methods
2.1. Study Type, Period

This is a descriptive and analytical epidemiological study of leishmaniasis cases

reported in the Tibesti province between 2021 and 2025.

2.2. Study Sites

Data collection was conducted in the provincial hospital of Bardai. Located in the
northwestern part of the country, this province is characterized by a Saharan cli-
mate, with virtually no annual rainfall and temperatures ranging from below 0°C
to 45°C. The provincial capital is Bardai, located approximately 1764 km north of
N’Djamena along the Faya road, and the province is divided into two depart-
ments: East Tibesti and West Tibesti. Samples were collected in Bardai from pa-
tients coming from 25 localities. These included: Baradi, Zouar, Miski, Zoui,
Zoumri, Zoughoura, Min D’or, Moddra, Yebibou, Ousouni, Torko, Min Azo,
Charda, Goubone, Tarso, Wour, Aouzou, Guereda, Youbousama, Zouarke, Lybie

(Banghazi), Youdei, Emi Koussi and Tchoboura.

2.3. Sample Collection

Blood samples were collected during Outpatient consultations in both health dis-
tricts. Any patient residing in Tibesti Province or who had stayed there and who
exhibited clinical signs suggestive of leishmaniasis was referred to the laboratory
for diagnostic confirmation. Data were collected from hospital registries and dis-
ease surveillance reporting forms throughout the province. Patients with positive

test results were treated in the provincial hospital in Bardai.
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2.4. Laboratory

The rK39 rapid diagnostic test (RDT) was used to confirm the clinical suspicion

of leischmaniasis, in accordance with the manufacturer’s instructions. This test is

based on the detection of anti-Leishmania antibodies directed against the rK39

antigen. The rK39 test is recommended by the WHO as the first-line test for di-

agnosing visceral leishmaniasis in endemic areas. It is currently the only test avail-

able for screening for visceral leishmaniasis. The performance of the rK39 test

varies depending on the geographic region, the Leishmania species involved, and

the patient’s immune status. The limitations of the rK39 test are as follows:

* Detects antibodies, not the parasite;

* False negatives;

* False positives;

* Limited use; not recommended for the diagnosis of cutaneous leishmaniasis;
not recommended for monitoring treatment.

For cutaneous leishmaniasis, a direct slide examination was performed by
scraping from the lesion using a vaccinostyle or by needle aspiration. This allowed
for the identification of Leishmania amastigotes inside and outside histiocytes fol-
lowing May-Griinwald-Giemsa (MGG) staining. In Chad, microscopy remains the
most accessible method for confirming a diagnosis, but samples can be sent to ref-

erence laboratories for molecular identification via PCR or sequencing.

2.5. Treatment
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Figure 1. Diagnostic algorithm.

For the treatment of leishmaniasis, clinicians prescribed the following medica-

DOI: 10.4236/aid.2026.163035 498 Advances in Infectious Diseases


https://doi.org/10.4236/aid.2026.163035

M. S. Issa et al.

tions. In cases of VL, patients received or Sodium stibogluconate and paramomy-
cin administered according to their body weight for 17 days. In cases of CL, pa-
tients were treated either by intralesional infiltration of sodium stibogluconate
around the lesion or by intramuscular injections of sodium stibogluconate ad-
justed for body weight for 30 days. The patients were followed up for one month
after treatment. Below is diagnostic algorithm (Figure 1).

2.6. Ethical Considerations

The data presented in this article were authorized by the Tibesti Provincial Health
Delegate and approved by the laboratory staff at the Bardai Provincial Hospital.

2.7. Statistical Analysis

All data were entered into Word and then analyzed using Excel and GraphPad

version 10.

3. Results

Between January 2021 and December 2025, the Bardai Hospital laboratory tested
1031 patients suspected of having leishmaniasis. Of which, 226 cases of VL and 6
cases of CL for a total of 232 positive cases of leishmaniasis were treated, corre-
sponding to the test positivity rate of 22.50% (232/1031). With regard to the over-
all the prevalence, it is the number of cases per head of population at any one time.
This the proportion of VL compared to the total cases of leishmaniasis in Tibesti
Province, VL is a significant public health problem with a rate of 97.41% (226/232),
while CL is underrepresented at 2.59% (6/232) (see below) (Figure 2).

97.41%

m VL mCL

Figure 2. Prevalence of different leishmaniasis types in Tibesti province.

This graph shows the distribution of leishmaniasis cases by year (2021-2025)
and by disease type (VL, CL). Furthermore, the graph shows that VL cases in-
crease significantly in 2025, increasing from 18.53% (43/232) to 32.76% (76/232).
During this five-year period, CL is very rare, with cases emerging in 2024 at 2.59%

DOI: 10.4236/aid.2026.163035 499 Advances in Infectious Diseases


https://doi.org/10.4236/aid.2026.163035

M. S. Issa et al.

(6/232) (Figure 2). Between 2021 and 2025, 226 patients were enrolled, of whom
77.43% (157/226) were male and 51/226 (22.57%) were Female (Table 1).

Table 1. Distribution of VL cases by sex and year (2021-2025).

Sex

Years Confirmed cases (%)

Male (%) Female (%)
2021 43 (19.03) 27 (15) 16 (34.78)
2022 24 (10.62) 20 (11.11) 4(8.69)
2023 39 (17.26) 22 (12.22) 17 (36.96)
2024 44 (19.47) 41 (7.78) 3 (6.52)
2025 76 (33.63) 70 (38.88) 6 (13.04)
Total 226 (100) 180 (79.65) 46 (20.35)

Figure 3 should have a percentage. The age groups are of different sizes not
representing the true scale of the problem for children, 0 to 5 were the most rep-
resented, with 52.21% (118/226), followed by those aged 6 - 20, 21 - 41, 41 - 60,
and 61 - 64, with 21.68% (49/226), 19.03% (43/226), 6.64% (15/226), and 0.44%
(1/226) (Figure 3).

60-

118(52.21)

404

49(21.68)
20

Percentage of cases

Age groups (Years)

Figure 3. Distribution of VL cases by age group (2021-2025).

After five (5) years, leishmaniasis infection rates varied from one locality to an-
other, with the towns of Bardai and Zouar leading the way with the test positivity
rates of 20.8% (47/226) and 15. 93% (36/226) respectively, followed by the towns
of Guéreda and Benghazi (Libya), Youdei, and Emi Kossi, with a similar the test
positivity rate of 0.44% (1/226). Similarly, for Tarsou and Zouarké, the test posi-
tivity rate is low, with 0.88% (2/226). We observed throughout the study period
that the test positivity rate increased from 19.03% (43/226) in 2021 to 33.63%
(76/226) in 2025 (Table 2).
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Table 2. Distribution of VL cases by provenance and year (2021-2025).

Residence 2021 2022 2023 2024 2025 Total  Frequence (%)
Bradai 13 9 5 8 12 47 20.80
Zouar 7 2 11 7 9 36 15.93
Miski 5 2 7 2 1 17 7.52

Zoughoura 6 0 4 2 4 16 7.08

Zoui 2 4 0 0 9 15 6.64
Min D’or 0 0 0 0 14 14 6.19
Zoumri 2 0 0 4 6 12 5.31
Moddra 4 6 0 0 0 10 4.42
Yebibou 3 2 0 4 0 9 3.98
Ousouni 0 0 0 0 7 7 3.10
Wour 1 0 3 0 0 4 1.77
Aouzou 0 0 0 0 5 5 2.21
Charda 0 0 0 6 0 6 2.65
Min Azo 0 0 0 0 5 5 2.21

Orpailleur 0 0 0 3 1 4 1.77

Torko 0 0 0 0 3 3 1.33

Youbousama 0 0 0 0 3 3 1.33
Goubone 0 0 1 3 0 4 1.77
Guereda 0 0 0 0 1 1 0.44
Lybie (Banghazi) 0 0 0 1 0 1 0.44
Youdei 0 0 0 1 0 1 0.44

Emi Koussi 0 0 0 1 0 1 0.44

Tchoboura 0 0 0 1 0 1 0.44
Tarso 0 0 2 0 0 2 0.88

Zouarke 0 0 0 0 2 2 0.88

Total (%) 43 (19.03) 24(10.62)  39(17.26) 44 (19.47) 76 (33.63) 226 100.00

The transmission of VL is mostly local. During the 2021-2025 period, 98.23%
(222/226) of reported cases were locally acquired, compared with 1.77% (4/226)
of cases imported (Table 3).

Table 3. Transmission of cases in Tibesti province.

Transmission Number Frequencies (%)
Local 222 98.23
Imported 4 1.77
Total 226 100.00
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From 2021 to 2025, the health district most affected was Bardai, with 75% of
cases (174/232), followed by Zouar and other districts, with 23% (54/232) and 2%
(4/232), respectively (Figure 4).

Others
2%

Bardai
75%

Figure 4. Case distribution by health district.

HD Bardai

P (VL)=72.41%

P (CL)=2.59%

P (VL)=23.28%

PHD Ennedi ouest

PHD Borkou
Note: Source: Bardai Hospital.

Figure 5. Prevalence of leishmaniasis in the Tibesti provincial health delegation.
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This study mapped the distribution of leishmaniasis in the Tibesti Provincial
Health Delegation. In the Bardai health district, two (2) types of parasites VL and
CL were identified, with a high prevalence of VL (72.41%, or 168/232) compared
to a low the test positivity of CL (2.59%, or 6/232). In the Zouar health district, we
found only cases of VL, with a prevalence of 23% (54/232); no cases of CL were
observed (Figure 5).

4. Discussion

The results of this study show that, of the 1031 patients with suspected cases ex-
amined between 2021 and 2025 in Bardai Hospital, 232 cases of leishmaniasis were
confirmed, a positivity rate of 22.50%. This relatively high proportion suggests
that the parasite is widespread in Tibesti Province, particularly in high-risk areas.
In Chad, artisanal gold mining and urbanization are now two major factors influ-
encing the epidemiology of leishmaniasis. It is essential to take these factors into
account to strengthen surveillance, improve prevention strategies, and guide con-
trol programs, particularly in regions with high population mobility, such as
northern Chad. At the same time, urban transmission of leishmaniasis is an
emerging phenomenon in several regions of the world. The expansion of cities
into peri-urban areas also facilitates contact between human populations and vec-
tors.

This finding is supported by WHO data, which indicate that leishmaniasis re-
mains highly endemic in the Sahelian regions and in resource-limited areas, where
access to diagnosis is often limited [8]. Furthermore, results from other studies
have also shown that positivity rates can be high in areas where clinical suspicion
is high [9]. The high percentage of visceral leishmaniasis (97.41%) compared to
the cutaneous form (2.59%) observed in this study confirms that the Tibesti region
is primarily a reservoir for visceral leishmaniasis (Figure 1). This finding is sup-
ported by other studies, which show that visceral leishmaniasis is the predominant
form in East Africa and the Sahelian area [11] [12]. The predominance also not
no dogs and few rodents for CL reservoir whereas humans are the VL reservoir of
the visceral form observed in this study could be explained by the ecological con-
ditions of the Tibesti region, such as the arid climate, precarious living conditions,
and the presence of vectors (phlebetomes). In addition, gold panning activities
increase population mobility and lead to increased exposure to vectors. Further-
more, the low proportion of CL cases observed could be explained by underdetec-
tion or underreporting of this form of the disease, which is often less severe and
therefore less likely to lead to a hospital visit. This phenomenon is widely de-
scribed in the literature [1] [9] [13]. Figure 2 illustrates the annual evolution of
the incidence of VL and CL in Tibesti Province between 2021 and 2025. The trend
shows fluctuations followed by a marked increase, from 43 cases (18.53%) in 2021
to 76 cases (32.76%) in 2025. This trend follows an overall upward trajectory, with
a peak in 2025. However, no cases of CL were detected between 2021 and 2023.
Cases reappeared in 2024 at a rate of 2.59%, then again disappeared in 2025. The
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low incidence of CL corresponds to certain regions of Africa where VL is predom-
inant [5] [8] [14]. The results revealed a strong male predominance in the inci-
dence of VL in Tibesti Province, with 77.43% of cases affecting males compared
to 22.57% of females (Table 1). This male predominance is well documented in
the literature, particularly in endemic areas [1] [9] [15]. However, professional
factors play a decisive role. In Tibesti Province, gold panning activities, which are
largely dominated by men, expose workers to environmental conditions condu-
cive to the transmission of leishmaniasis. Furthermore, the use of personal pro-
tective measures such as mosquito nets and repellents often remains insufficient
among these vulnerable populations. The adults with the disease are not native to
the Tibesti and were not exposed as children. An analysis of the distribution of
leishmaniasis cases by age group reveals a marked prevalence among children
aged 0 to 5 years, who account for 52.21% of cases (118/226). This proportion is
significantly higher than that of other age groups, followed by the 6 - 20 age group
(21.68%) and the 21 - 40 age group (19.03%). Older adults (ages 41 - 60) and peo-
ple aged 61 and older are significantly underrepresented (Figure 2). This distri-
bution suggests that young children are the group most vulnerable to VL in Tibesti
Province. This finding is consistent with several studies on this topic, in which VL
primarily affects children in areas of stable transmission [9] [12] [14]. The pa-
tient’s immune status, malnutrition, and environmental conditions could explain
the high prevalence observed among children under 5 years of age in this study
[4]. In addition, we observed significant variations in leishmaniasis infection rates
across different localities, with a notable number of cases detected in certain spe-
cific areas of Tibesti Province. The towns of Bardai (20.8%) and Zouar (15.93%)
appear to be the main foci of the disease, while other localities such as Guéréda,
Benghazi, Youdei, and Emi Kossi have very low (0.44%) or even negligible rates
(Table 1). The high number of cases observed in Bardai and Zouar could be ex-
plained by several factors. On this point, these localities are areas with high pop-
ulation density, particularly due to artisanal gold mining activities, which promote
close contact and exposure to sandflies. Furthermore, local ecological conditions
provide habitats conducive to the development of phlébotomes. Similar observa-
tions have been reported in certain studies [9] [15]. Spatial and temporal analysis
of VL cases in Tibesti Province reveals a heterogeneous geographic distribution,
with significant pockets in Bardai and Zouar and a progressive increase in the
number of cases between 2021 and 2025. Table 3 shows an absolute predominance
of local transmission of VL (98.23%) in Tibesti Province, while imported cases
remain low (1.77%). This distribution is concordant with data from the literature
reported by other researchers [1] [16]. The high proportion of indigenous cases
observed in this study confirms that VL is highly endemic in Tibesti Province.
Other authors have made similar observations, stating that VL transmission is of-
ten sustained by regular community contact among people living in endemic areas
[9]. Although they represent a minority (1.77%), the imported cases observed in

this study are concordant with data from other studies, which indicate that human
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mobility plays a secondary but significant role in the transmission of leishmaniasis
among neglected tropical diseases; cross-border movements can introduce new
cases into non-endemic areas, alter local transmission dynamics, and promote the
emergence of new foci [15] [17]. In the context of the Tibesti region, exchanges
with areas such as Libya could explain the presence of these imported cases. Sim-
ilarly, the results show a high proportion of visceral leishmaniasis cases in Bardai
(75%), followed by Zouar (23%), while the other localities account for only 2% of
cases. This distribution highlights a significant spatial disparity, characteristic of
endemic foci of leishmaniasis (Figure 4). The predominance of Bardai as the pri-
mary focus corresponds to recent observations from certain studies [18]. In this
context, Bardai could constitute an epicenter of transmission, where environmen-
tal and human conditions favor intense circulation of the parasite. The high num-
ber of cases in Bardai and Zouar suggests that urban or semi-urban areas play a
key role in transmission dynamics. Similarly, the results show a high proportion
of visceral leishmaniasis cases in Bardai (75%), followed by Zouar (23%), while
the other localities account for only 2% of cases. This distribution highlights a
significant spatial disparity, characteristic of endemic foci of leishmaniasis (Fig-
ure 4). The predominance of Bardai as the primary focus corresponds to recent
observations from certain studies [18]. In this context, Bardai could constitute an
epicenter of transmission, where environmental and human conditions favor in-
tense circulation of the parasite. The high number of cases in Bardai and Zouar
suggests that urban or semi-urban areas play a key role in transmission dynamics.
Studies conducted elsewhere confirm that high-incidence clusters are often lo-
cated in areas characterized by high economic activity and high population mo-
bility [9] [19]. The low proportion of cases in other localities (2%) is also con-
sistent with recent data, which indicate the existence of areas with low transmis-
sion and areas where transmission is silencious or underreported [20], this situa-
tion could be linked to less favorable ecological conditions, low vector density, or
limited access to health services. The study highlights a heterogeneous distribu-
tion of leishmaniasis within the Tibesti Provincial Health Delegation, with a con-
centration of cases in the health districts of Bardai and Zouar. Two forms of the
disease (VL and CL) were identified only in the Bardai district, while the Zouar
district has only cases of visceral leishmaniasis (Figure 5). The number of cases of
VL in Bardai (72.41%) and Zouar (23%) confirms that VL is the dominant form
in the Tibesti province. CL, which has a very low prevalence (2.59%), appears to
be marginal and limited to Bardai. These results are concordant with the observa-
tions of certain authors, who indicate that the VL form is predominant in sub-
Saharan Africa, particularly in Sahelian regions, where it is associated with Leish-
mania donovani [20] [21]. In Central and East Africa, diagnosing leishmaniasis
remains a major challenge due to its sometimes non specific clinical manifesta-
tions and the limited availability of parasitological and molecular testing methods.
It is essential to strengthen diagnostic and surveillance capabilities in order to im-

prove early detection and case management [2] [5] [22]. The presence of the two
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forms (VL and CL) exclusively in the Bardai district suggests that this region has
more varied ecological and epidemiological conditions, which favor the circula-
tion of multiple Leishmania species. In contrast, the absence of CL cases in Zouar
could be explained by environmental conditions less favorable to CL transmis-
sion, a low density of specific vectors, or underdetection of cutaneous forms,
which are often less severe and less frequently diagnosed [23] [24].

Studies have shown that the distribution of the various forms of leishmaniasis
depends heavily on the type of vector present, animal reservoirs, and climatic
and ecological conditions. In some regions, the visceral and cutaneous forms
coexist, while in others, a single form predominates [20] [25]-[27]. Leishmania-
sis in Tibesti Province is characterized by a predominance of the visceral form,
a focal and heterogeneous distribution, and variability among health districts.
Bardai appears to be a more complex focus, while Zouar appears to be an exclu-
sively visceral focus. This study highlights that leishmaniasis represents a major
public health problem in Tibesti Province, characterized by high endemicity,
primarily local transmission, and a gradual increase in the number of cases be-
tween 2021 and 2025. The disease primarily affects young children and adult
men, reflecting both household and professional modes of transmission. The
highly localized geographic distribution, dominated by the Bardai and Zouar,
highlights the decisive influence of environmental and socioeconomic factors.
These findings highlight the need to strengthen epidemiological surveillance,
improve access to early diagnosis, and implement prevention strategies tailored

to the local context.

5. Limitations of the Study

* The diagnosis was based primarily on clinical data, rapid tests, and/or parasi-
tological examinations;

* The study was conducted in a specific geographic area of the Tibesti region.
The results, therefore, cannot be extrapolated to Chad as a whole;

* No entomological study was conducted to confirm the density or distribution
of vector sandfly species at the study sites;

* There was no assessment of the ecological factors influencing the spatial dis-

tribution of the disease.
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