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ABSTRACT The geographical distribution of Phlebotomus papatasi Scopoli, vector of Leishmania
major Yakimoff and Schokhor (Kinetoplastida: Trypanosomatidae), the etiologic agent of zoonotic
cutaneous leishmaniasis (ZCL), was assessed during September 2006 through a transect from the north
to the south of Tunisia using CDC light traps. P. papatasi was found to be abundant in the arid and
Saharan bioclimatic zones and rare in the humid, subhumid, and semiarid bioclimatic zones. Similarly,
the highest incidence of ZCL was observed in the arid and Saharan bioclimatic zones and the lowest
in the humid, subhumid, and semiarid bioclimatic zones. Our overall findings confirm the close spatial
association between the abundance of P. papatasi and the incidence of ZCL.
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Zoonotic cutaneous leishmaniasis (ZCL), endemic in
central and southern Tunisia (Ben Ismail 1993), is caused
by Leishmania major Yakimoff and Schokhor (Kineto-
plastida: Trypanosomatidae), which is transmitted by the
sand fly Phlebotomus papatasi Scopoli (Ben Ismail et al.
1987a). In Tunisia, the fat sand rat Psammomys obesus
Cretzchmar is the principal reservoir of L. major (Ben
Ismail et al. 1987b, Fichet-Calvet et al. 2003). During the
transmission season of 2005-2006, >9,000 cases of ZCL
were reported to the National Health Department.

A study conducted during the summer of 1980 to trap
sand flies in a transect from the north to the south of
Tunisia showed that the distribution of P. papatasi was
related to the arid and Saharan bioclimatic areas (Rioux
et al. 1986). It is therefore of major epidemiological
importance to repeat this transect study after 25 yr to
update the geographical distribution of P. papatasi and to
examine its relationship to the distribution of ZCL.

Materials and Methods

Tunisia covers a wide climatic range from humid in the
north to the dry Saharan climate in the south (Fig. 1).
Sand flies were sampled at six sites within different bio-
climatic zones varying from humid to Saharan (El Jouza,
36°86" N, 6°68’ E, humid; Utique, 37°08' N, 7°74’ E, sub-
humid; Mjez El Bab, 36°45’' N, 6°09’ E, upper semiarid,;
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Maktar, 35°52" N, 9°12' E, lower semiarid; Sidi Bouzid,
34°51' N, 9°29' E, arid; Douz, 33°29" N, 9°03" E, Saharan).
Sand flies were collected inside houses and in animal
shelters located in the peridomestic areas using CDC
light traps (one inside a house and one in an animal
shelter were placed from dusk to dawn one night per site
during September 2006). Collection of sand flies was
performed during the second and the third week of
September based on the fact that the major peak of
activity of several sand fly species in Tunisia and in
surrounding countries occurs during this period: P. pa-
patasi (Chelbi et al. 2007), Phlebotomus perniciousis
Newstead, Phlebotomus perfiliewi Parrot (Croset et al.
1978), Phlebotomus longicuspis Nutzulescu (Croset et al.
1978), and Phlebotomus langeroni Nutzulescu (Beier et
al. 1986). Collected sand flies were placed in 70% ethanol
and later mounted on glass slides in Mark André medium
(Abonnenc 1972) and identified to species level by using
the identification keys of Croset et al. (1978). The abun-
dance of P. papatasi was recorded as the number of P.
papatasi divided by the total number of sand flies caught
per bioclimatic zone. Correlation between the abun-
dance of P. papatasi and incidence of ZCL by bioclimatic
zones was computed using two methods: Spearman
(Best and Roberts 1975) and Kendall (Hollander and
Wolfe 1973). These are two nonparametric (distribu-
tion-free) measures of monotony and association, re-
spectively, between two random variables, using con-
verted raw scores to ranks.

All data from clinically confirmed ZCL cases were
obtained from the National Health Department for
the period of July 2005 to June 2006 (DNSSB 2006).
The geographical distribution of ZCL cases by biocli-
matic zones for this period is reported in this study.
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Fig. 1. Bioclimatic map of Tunisia.

Results and Discussion

During the study period, 2,086 sand flies were col-
lected. Eleven species were identified: eight Phlebotomus
spp. and three Sergentomyia spp. The abundance of each
species by bioclimatic zone is shown in Table 1. P. pa-
patasi was rare in the humid, subhumid, and semiarid
bioclimatic zones and became abundant in the arid and
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Table 2. Abundance of P. papatasi and incidence of ZCL cases
during the transmission season of 2006 per bioclimatic zone

Abundance of

Bioclimate P. papatasi No. ZCL cases I?lc(l)%i]%%e
[% (total (human population) . habitant
N of sand flies) ] inhabitants)
Humid 0.2 (467) 0 (433,300) 0.0
Subhumid 2.9 (134) 0 (3,873,300) 0.0
Semiarid 1.3 (360) 159 (1,492,000) 0.1
Arid 62.7 (1,024) 7,631 (3,285,000) 2.3
Saharan 33.6 (101) 1,240 (823,000) 1.5

Saharan bioclimatic zones. The results of 1980 study
showed that densities of P. papatasi (number of P. pa-
patasi/m? of sticky traps) in the humid, subhumid, semi-
arid, arid, and Saharan bioclimatic zones were 0.0, 0.06,
0.01, 0.98, and 1.15, respectively (Rioux et al. 1986).
Therefore, compared with 25 yr ago, there seems to have
been no extension of the range of P. papatasi from the
arid toward the semiarid, subhumid, or humid biocli-
matic zones located in the northern parts of Tunisia.
However, a clear extension of the geographical distribu-
tion of human visceral leishmaniasis from the north to-
ward the center and the south of Tunisia has occurred
during the last 25 yr (Ben Salah et al. 2000). Environ-
mental changes, particularly the development of irriga-
tion systems in the arid and Saharan bioclimatic zones,
may have increased the availability of a more humid
habitat, thus extending the ranges of P. perfiliewi, P.
perniciosus, P. langeroni, and P. longicuspis, vectors of L.
infantum, toward the center and south of Tunisia, result-
ing in the emergence of new foci of human visceral
leishmaniasis in these areas (Zhioua et al. 2007). The
geographical distribution of P. papatasi is related to bio-
climatic factors (Rioux et al. 1986). Increased humidity
seemed to be a limiting factor for the geographical ex-
tension of P. papatasi, because the abundance of this
species increased with the aridity. Similar results were
reported for Morocco (Rioux et al. 1984, 1997) and India
(Singh 1999). In Tunisia, P. obesus is distributed in the
arid and Saharan bioclimatic zones (Ben Ismail et al.
1987b, Fichet-Calvet et al. 2003, Ben Hamou et al. 2006).
Therefore, both the vector and the reservoir are abun-
dant in the arid and the Saharan bioclimatic zones.
During the transmission season of 2005-2006, 9,030
confirmed cases of ZCL were reported to the National
Health Department (Table 2), of which 7,631 (84.5%)

Table 1. Diversity and abundance (%) of sand flies caught by CDC light traps, Tunisia, September 2006

Species Humid Subhumid Upper semiarid Lower semiarid Arid Saharan
P. papatasi 1(02) 4(3) 5(2) 0 642 (62.7) 34 (33.6)
P. perfiliewi 429 (91.8) 35 (26.1) 11 (4.5) 24 (20.6) 50 (4.9) 0
P. perniciosus 31 (6.6) 80 (59.7) 215 (88.1) 69 (69.4) 204 (19.9) 0
P. longicuspis 0 0 0 10 (8.6) 8 (0.8) 61 (60.4)
P. alexandri 0 0 0 0 30 (2.9) 0
P. langeroni 0 0 0 11 (9.5) 0 0
P. sergenti 0 0 0 0 5(0.5) 0
P. chadlii 0 0 0 0 1(01) 0
S. minuta 6 (1.3) 15 (11.2) 13 (5.3) 2 (1.7) 16 (1.5) 6 (5.9)
S. fallax 0 0 0 0 50 (4.9) 0
S. dreyfussi 0 0 0 0 18 (1.7) 0
Total 467 134 244 116 1024 101
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and 1,240 (13.7%) were observed in the arid and Saharan
bioclimatic zones, respectively. The remaining cases
were reported from the semiarid bioclimatic zones. It is
important to point out that cases of ZCL (N = 159)
reported from the semiarid bioclimatic zones are in fact
from the lower parts close to the arid areas. Incidence
rates of ZCL per 100,000 inhabitants in the humid, sub-
humid, semiarid, arid, and Saharan bioclimatic zones
were 0.0, 0.0, 0.1, 2.3, and 1.5, respectively (Table 2). In
fact, ZCL is highly endemic in arid and Saharan biocli-
matic zones. The disease is quasi-absent in the humid and
subhumid zones and rare in the semiarid bioclimatic
zones.

Our results showed that the incidence of ZCL is
closely related to the abundance of P. papatasi. Values of
Kendell’s 7 and Spearman’s p statistics and respective
one-side P values relative to the null hypothesis of no
correlation were 0.73786, 0.820 and 0.038, 0.044. Clearly,
there is a close spatial association between the abun-
dance of P. papatasi and the incidence of ZCL. Thus, the
abundance of P. papatasi could be used as a crude indi-
cator of the risk of ZCL in a given bioclimatic zone. Our
findings strongly suggest the importance of the biocli-
mate on the distribution and the abundance of P. papatasi
and, in the presence of animal reservoirs, subsequently
on the distribution and the force of infection of corre-
sponding foci of ZCL (Rispail et al. 2002).
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