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Abstract
Leishmaniasis has been classified primarily as a vector-borne disease that poses a major problem to
public health. The Biskra region, which has long been known as a focal point for cutaneous
leishmaniasis, has a low extent of visceral leishmaniasis. The aim of the study is to highlight the spatial
and temporal evolution of cutaneous and visceral leishmaniasis in Biskra over the last decade, taking into
account the different factors influencing their distribution. The present study is a ten-year retrospective
survey (2007- 2016), carried out in Biskradistrict. During the study period, 24,232 confirmed cases of
cutaneous leishmaniasis and 61 cases of visceral leishmaniasis were recorded. The registered cases were
distributed in all the municipalities of Biskra, the disease affects, regardless of sex, all age groups but
with heterogeneous proportions. The survey also showed that cutaneous leishmaniasis mainly infects
(43.36%) the class of children with a male predominance of 57%. The Biskra city was the most
vulnerable to sandfly bites, accounting for 33% of the total number of cases, while Tolga municipality
was the most affected by visceral leishmaniasis with a percentage of 25%. Children under 5 years of age
(85.24%) were the most exposed to visceral leishmaniasis following with predominance of male with
54%. The distribution of leishmaniasis was affected by the environmental and climate changes.
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Introduction
Every year, gardeners face several insect pests and mite problems infesting vegetables and
Phlebotomine sand flies (Diptera: Psychodidae: Phlebotominae) are groups of medically and
veterinary important insect vectors of disease by the co-occurrence of a large number of
competent vector species in New World endemic transmission foci of leishmaniasis. It is a
transmissible parasitic disease caused by a flagellated protozoan belonging to the genus
Leishmania (Kinetoplastida: Trypanosomatidae) transmitted to vertebrate mammals by the bite
of a vector insect [1]. Leishmaniasis is one of the vector-borne diseases that have emerged or
re-emerged for a long time [2]. The leishmaniasis in Algeria was firstly reported in 1860 Henri
Hamel who discovered the disease in Biskra [3]. The first epidemic cases were reported in the
military garrisons in Biskra in 1960 where more than 200 cases were recorded [4]. Two types of
leishmaniasis are present in Algeria, visceral (VL) and cutaneous (CL) leishmaniasis [5]. The
VL caused by Leishmania infantum, transmitted by Phlebotomus perniciosus [6] and the
reservoir is the dog [7], was recorded in the north of the country; in a humid bioclimatic stage,
but is spreading throughout the all country. Therefore the CL is observed in 4 clinical forms,
where the reservoir and the vector vary from place to another [8]. The first form, zoonotic
cutaneous leishmaniasis (ZCL), is due to Leishmania major that was identified in semi-arid
and arid to Saharan regions and Phlebotomus papatasi was the main vector and the Gerbillidae
was the main reservoir [9]. The second type, sporadic localized CL caused by Leishmania
infantum was noculated by Phlebotomus perfiliewi and the geographic distribution and the
reservoir are similar to the previous one [8]. The third form of CL, due to Leishmania killicki
was identified in in Ghardaïa southern Algeria and the reservoir is mainly the rodent
Massoutier amzabi and the vector Phlebotomus sergenti [10]. The fourth form is caused by
Leishmania tropica noticed in urban areas [11]. Leishmaniasis has become an emergency health
problem in some countries, including Algeria; where the annual global incidence of
leishmaniasis is estimated at 1.2 million new cases of CL and at 400.000 new cases of VL [12,
13]
. The Biskra region known as the main focus of the CL, has recorded a spreading visceral
form during the last decade [144].
Sand fly species undergo major structural changes following landscape transformations or
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major environmental disturbances [15, 16]. As well as knowing
that the leishmaniasis is particularly sensitive to
environmental and climate changes [17], the impact of human
activities on the environment and climatic variables are the
main causes of the leishmaniasis recrudescence [18]. The
increase in the number of cases and the spread of the disease
across the national territory, with the coexistence of the two
forms at the same household level, requires a surveillance
increase of the evolution and application of adequate control
measures [19]. The present study was focused on the spatial,
temporal and demographic distribution of cutaneous
leishmaniasis during the last decade from 2007 to 2016, as we
will also discuss the influence of environmental factors on the
distribution of the disease in the study area.
2. Materials And Methods
2.1 Study area
Biskra district is located in the middle-eastern part of Algeria,
situated in the southern part of the Saharan Atlas (Figure
1).This region, known as the “gate of the Sahara”. The district
extends over an area of 21 671 Km². It is situated between the
longitudes 4°15 'and 6°45' East and between latitudes 35°15
'and 33°30' North. Its altitude is between 29 m to 1600 m
above the sea level. It is composed of 33 municipalities
distributed over 12 districts with an estimated population of
biskra district was about 869 215 people in 2015 (PHD of
Biskra).

Fig 2: Bioclimatic stage of the study area according to the Emberger
climagram between 2007 and 2016.

2.1 Data collection
The data series of cutaneous leishmaniasis of the present
study was provided from the Direction of Health and
Population (DHP) of Biskra district of the period ranging
from 2007 to 2016. The survey data were presented monthly
and annually. Each case of cutaneous leishmaniasis much
information was recorded (sex, age, place of residence, origin
of patient, seat of lesion, number of lesions). While the
recorded cases of hospitalized patients with VL are drawn
from the pediatric and infectious disease service. The
meteorological data were provided by the National Office of
Meteorology (ONM Biskra).
2.3 Data analysis
The data were subjected to statistical analyses. The Excel
2010 program was used for the development of the various
curves and graphs and also the development on the curves of
the regression line which analyzed and validated through the
use of the techniques provided by IBM SPSS statistic 20
software (Statistical Package for Social Sciences).

Fig 1: The geographical location of the study area, Biskra district,
Algeria.

The climate in Biskra is pre-Saharan characterized by a warm
and dry period spread out from May to September and by
other less hot and humid from October to April (Figure 2).
Precipitation is low and irregular, when the annual average
recorded during this period is about 193 mm, while
evaporation and temperature are characterized by high values.
A large temperature variation, reaching a monthly average of
34.7 °C in July and 12.8 °C in January, was recorded. Winds
were frequent and distributed throughout the year, with a
month average speed of about 3.53 m/s and the maximum
speeds are recorded during the months of March and May.
The prevailing winds are in the south-eastern and north-east
sectors. Humidity is mainly related to temperature and
precipitation; the monthly average is about 31.3% from (May
to September) and 49.1% from (October to April) [14].

3. Results
3.1 Temporal distribution of leishmaniasis
During the 10-year study period from 2007 to 2016, the
Public Health Department of Biskra province has recorded
24232 confirmed cases of cutaneous leishmaniasis and 61
cases of visceral leishmaniasis, which shows clearly the
dominance of the cutaneous form by comparing with the
visceral form.
3.1.1
Annual distribution
The results show that the cutaneous and visceral leishmaniasis
are distributed heterogeneously troughout the study period.
The average annual incidence was 319.83 and 0.9
'cases/100.000 population for cutaneous and visceral
leishmaniasis respectively. In figure 3, a gradual increase in
incidence was observed at a peak in 2008 (777.1 cases /
100,000 population for CL) in 2011 (1.51 cells / 100 000
inhabitants for VL) and a decrease was recorded in the
following years.
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Fig 3: Annual distribution of cutaneous and visceral leishmaniasis incidence during the study period.

The linear regression model (LRM) on climate variables and
the number of cases of CL and VL were drawn. The model
obtained for CL is made by the number of CL cases (18.59)
and the precipitation (113.9 mm) (Figure 4) and the
distribution was established in Figure 5. As well as the
correlation for VL cases was represented by the number
(0.036) and precipitation (1.524 mm) (Figure 6) and the
distribution was traced in figure 7.

Fig 6: Correlation between number cases and annual rainfall.

Fig 4: Correlation between number cases and annual rainfall.

Fig 7: Distribution of VL cases and annual rainfall of VL from 2007
to 2016.

We noted that there is a significant positive correlation
between the rainfall factor and the distribution of CL, [R2 =

Fig 5: Distribution of CL cases and annual rainfall of CL from 2007
to 2016.
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0.44] (Fig 4 and 5), and visceral leishmaniasis [R2 = 0.47]
(Fig. 6 and 7).
3.1.2 Monthly distribution
Both forms of leishmaniasis were observed throughout the
twelve months of the year. The annual registration of
cutaneous leishmaniasis was noticed with a highest rates that
were recorded from September to February (85%) for all
years. Contrary to visceral leishmaniasis where the highest
positivity rate was recorded from February to April (33%)
(Figure 8). This confirmed the seasonal nature of the disease.
However, the monthly results related to the time of reporting
cases after the onset symptoms and confirmation of infection
in the laboratory, presented a dislocated peak of 3 months.
This type of distribution does not reflect the real distribution
of the disease. In fact, the two peaks recorded are not
representative of periods at risk. For cutaneous leishmaniasis;
the incubation period of parasite in human body from the
moment of insect bite to the time of symptoms’s onset is 3
months on average. Therefore, to get accurate results and
combining the epidemiological data with the climateones, the
number of patients should be moved three months forward.
The correlation model is obtained using the Number of CL
cases, temperature and wind (Figure 9 and 10) and these
showed clearely the relation between the cases and the
climate.

Fig 10: Correlation between CL occurrence and wind speed.

The results showed that 73% of the total number of cases was
recorded in the hot and dry period and distributed between
May and October, where the wind speed was low. As a result,
we also noted that there was a significant positive correlation
between temperature and distribution of cutaneous
leishmaniasis [R2 = 0.51] (Fig.9) and significant negative
correlation between wind speed and distribution of cutaneous
leishmaniasis [R2 = 0.50] (Figure 10). For visceral
leishmaniasis; the long incubation period, the variability of
individual susceptibility to the infection and the lack of
patient records make the diagnostic difficult to be determined.
3.2 Spatial distribution of leishmaniasis
The spatial distribution of the recorded cases of cutaneous and
visceral leishmaniasis and the distribution of phlebotome at
the various communes of the Biskra province during the
period 2007 – 2016 were expressed in figure 11.

Fig 8: The effect of temperature (Mean C° of 2007-2016) and wind
speed on the monthly distribution of CL.

Fig 11: Epidemiological map of cutaneous and visceral leishmaniasis
and the phlebotum distribution in the Biskra district during the
period 2007 -2016.

The results obtained show that the disease was dispersed in
the different communities of Biskra district with a clearly
epidemic character. The number of CL cases varied from one
community to another. There is a high concentration of cases
in the communities occupying the center and the north-eastern
part of the region. The most affected commune was the urban

Fig 9: Correlation between CL occurrence and temperature.
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one of the Biskra city with 8037 cases. In the second place,
the peri-urban commune Sidi Okba with (2507 cases) and
Zeribet El-Oued with 1565 cases. While those in the southwest are almost rural, were less affected. For VL, there is a
prevalence of the disease in 19 communities, among 33 ones,
distributed to the west of the region, from north to south.
Tolga commune is the highest number of cases (15 cases)
with a percentage of (24.6%), followed by Ouled Djellal and
Biskra city with 4 cases, then the number between 1 and 3
cases was recorded at the level of all the rural communities
inthe west part. From the figure 11, there is also a similarity
between the spread of the disease and the density of the vector
in almost all municipalities of Biskra.

of leishmaniasis. They can accelerate the development of the
parasite or the synergistic changes in populations of reservoirs
and parasites that cause an explosion in the population of
sandflies [25]. This was the improvement for the reduction of
the incidence of leishmaniasis, especially the cases of VL.
The results obtained by linear regression show a significant
positive correlation between annual precipitation and the
number of cases of leishmaniasis in the Biskra district and
confirm a previous work carried out in Oued Souf
regionwhich is characterized with the same climate [26]. The
increase in precipitation, recorded from 2009 to 2011 has led
to denser vegetation, therefore the number of breeding sites
for reservoirs and sandflies were increased [27]. The high
number of leshmniasis cases, recorded in the hot and dry
period between May and October, can be explained by the
temperature effect; because with the increase in temperature
the sandfly metabolism be accelerated consicountly it
influences oviposition rates, defecation, hatching and
emergence in adults [28, 29]. Moreover, the wind speed has a
negative influence on the appearance of the CL. The increase
in wind speed was accompanied by an inhibition of the flight
of the sandflies, and thus the decrease of the transmission of
the CL. With the addition of the impact of climatic factors,
the behavior of the human population is the basis of the
increase in the number of cases during the summer period.
The pre-Saharan population has a habit of sleeping in its
home yards and wearing light clothes where the exposed parts
of the body are more than those of any other season [26]. For
VL, the longevity of the parasite period and the variability of
individual susceptibility to infection with the lack of patient
records make the incubation period difficult to determine [30].
The epidemiological map; of cutaneous and visceral
leishmaniasis in the region of Biskra, shows that the spatial
distribution of leishmaniasis is not homogeneous. This can be
explained by the heterogeneity of environmental, socioeconomic and environmental conditions created by man. First,
the structural diversity of land (mountains, plateaux, plains)
and the hydrographic network in the region are the source of
the variability in the distribution of actors involved in
transmission cycles. Different irrigation methods, increasing
irrigated area and exploiting new hydraulic resources
(installation of irrigation canals, etc.) can create wet
microclimates favorable to the proliferation of the sandfly and
the reservoir [31]. Also, waste waters are collected in septic
tanks that rise on the surface and pollute ground waters.
Zoonotic cutaneous leishmaniasis has long been known as a
typical rural disease, but in recent years, peri-urban areas have
become the preferred spots of infection. This could indicate
that the parasite is transmitted via a new cycle. The extension
of VL in the rural communities in western part of Biskra may
be explained by the fact that rural areas provide suitable
conditions for the circulation of the main vector, P.
perniciosus where as the reservoirs such dogs, will be an
abundant sources of blood for hematophagous female vectors.
Furthermore, the multiple movements of nomads with their
sheeps and dogs constitute another factor in the spread of
visceral leishmaniasis in these communities [19, 32].
Cutaneous leishmaniasis has reached both sexes with
predominance of the male. This predominance was also
reported in the Constantine region [33] and in Ouedsouf [26].
Contrarly female were predominant in northern Morocco with
a rate of 56% [34] and in Ouagadougou with a rate of 50.3%
[35]
. It could be explained by the clothing habits of the Biska’s
population where surfaces discovered of the body in men are
more important than in women and men are exposed more

3.3 Distribution of leishmaniasis cases according to sex
and age
CL reached both sexes with a male predominance, which was
(57%) compared to (43%) for females and a sex ratio (M / F)
of 1.34. For the VL, there was a slight male predominance of
(54%) versus (46%) female, with a sex ratio (M / F) of 1.18
(Figure 12). All age groups are affected by cutaneous
leishmaniasis in the Biskra region, but with unequal
proportions (Figure 12). The most affected class by CL is
children, then the class of young aged between 2-9 years with
43.36% and 20-44 years with 22.33% respectively. While the
least affected category is that of people aged 65 or older with
1.50%. For VL, the age group of 2-4 years was the most
affected (45.90%) followed by that of babies 0-1 years with
39.34%. VL is rare in young adults and adults whose

Fig 12: Distribution of CLand VL cases according to patient age and
sex from 2007 to 2016.

4. Discussion
The Biskra area has been known since 1860 as a historical
focus of cutaneous leishmaniasis due to L. major. The vector
P. papatasi and the reservoirs Merione shawi and Psammomy
sobesus, found naturally infected by L. major [20, 21, 22] and
play the main role of CL spreeding In Biskra region [23]. The
main vector of leishmaniasis seems to be affected with the
environmental changes such as the extension of irrigated
areas, old gypsum constructions and areas rich in plant debris
[24]
. These constitute microclimates suitable for the
development of sandfly P. papatasi and reservoirs such as
Psammomy sobesus and thus the prevalence of the disease.
This explains the recording of 24.232 confirmed cases of
cutaneous leishmaniasis in the Biskra district during the study
period from 2007 to 2016. Unlike cutaneous leishmaniasis,
cases of visceral leishmaniasis are rarely reported where 61
cases of VL during the last decade in the Biskra region were
recorded.
Meteorological factors play an important role in the incidence
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frequently to the phlebotomus bites due to their field
activities. It is for the same reasons that visceral leishmaniasis
affects more the males with a slight predominance [4]. But it
was reported recently that the dominance was recorded in
female [36]. In this study children group under the age of five
were the most affected with visceral leishmaniasis (85.24%).
This infant predominance is consistent with the literature
given that they are non-immune subjects having a fragile
immune system [19]. VL is rare in young adults and adults [37].
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14.
5. Conclusion
Leishmaniasis presents a real public health problem
throughout the Algerian territory, especially in Biskra district.
The predominance of the cutaneous form in an area is clearly
in relation to the visceral form. The CL reaches the young and
male population during the warm and dry period or the
number of stitches is intense. Children under five continue to
be the most exposed to this epidemic. Environmental factors,
whether biotic or abiotic, have revealed a real impact on the
distribution of these diseases.

15.

16.

17.

6.
1.

References
Murray HW, Berman JD, Davies CR, Saravia NG.
Advances in leishmaniasis. Lancet Abonnenc Edition.
2005, 1561-1577.
2. Gratz NG. Emerging and resurging vector borne diseases.
Annual Review of Entomology. 1999; 44:51-75.
3. Mansouri R, Pratlong F, Bachi F, Hamrioui B, Dedet JP.
The first isoenzymatic characterizations of the leishmania
strains responsible forcutaneous leishmaniasis in the area
of Annaba (Eastern Algeria). Open Conference
Proceeding Journal. 2012; 3:6-11.
4. Belazzoug I, Addadi K, Mokrani T, Haﬁrassou N,
Hamrioui B, Belkaid M. Leishmaniose viscérale en
Algérie. Étude des cas hospitalisés entre 1975 et 1984.
Annals de la Société Belge de la Medecine Tropicale.
1985; 65:329-35.
5. Eddaikra N, Aït-Oudhia K, Oury B, Harrat Z, Sereno D.
Retrospective and on going researches on leishmania
antimony resistance in Algeria. Microbial pathogens and
strategies for combating them: science technology and
education (A. Méndez-Vilas, Edition). 2013, 678-689.
6. Izri MA, Belazzoug S, Boudjebla Y, Dereure J, Pratlong
F, Delalbre-Belmonte A. Leishmania infantum MON 1,
isolée de Phlebotomus perniciosus en Kabylie, Algérie.
Annales de Parasitologie Humaine et Comparée. 1990;
65(3):151-152.
7. Benikhlef R, Pratlong F, Harrat ZK. Leishmaniose
viscérale infantile causée par Leishmania infantum
zymodème MON-24 en Algérie. Bulletin de la Société
Pathologie Exotique. 2011; 94(1):14-16.
8. Bachi F. Aspects épidémiologiques et cliniques des
leishmanioses en Algérie. La Lettre de l’infectiologue.
2006; 21(1):9-15
9. Harrat Z, Pratlong F, Belazzoug S, Dereure J, Deniau M,
Rioux JA et al. Leishmania infantum and L. major in
Algeria. Transactions of the Royal Society of Tropical
Medicine and Hygiene. 1996; 90(6):625-629.
10. Boubidi SC, Benallal K, Boudrissa A, Bouiba L,
Bouchareb B, Garni R et al. Z. Phlebotomus sergenti
(Parrot, 1917) identified as Leishmania killicki host in
Ghardaïa, south Algeria. Microbes and Infection. 2011;
13:691-696.
11. Es-Sette N, Ajaoud M, Bichaud L, Hamdi S, Mellouki F,
Charrel R et al. Phlebotomus sergentia common vector of

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
~ 48 ~

Leishmania tropica and Toscana virus in Morocco.
Journal of Vector- Borne Disease. 2014; 51:86-90.
Alvar J, Vélez ID, Bern C, Herrero M, Desjeux P, Cano J
et al. Leishmaniasis worldwide and global estimates of its
incidence. PLos One. 2012; 7: 5671.
Benallal K, Gassen B, Bouiba L, Depaquit J, Harrat Z.
Entomological investigation following the resurgence of
human visceral leishmaniasis in southern Algeria. Acta
Tropica. 2013; 128(3):518-521.
Zeroual S, Gaouaoui R, Boudjelida H. Diversity and
occurrence of phlebotomine sand flies (Diptera:
Psychodidae) in the area of Biskra (Middle Eastern of
Algeria). Journal of Entomology and Zoology Studies.
2016; 4(5):890-895.
Crowe A, Slavin J, Stark D, Aboltins C. A case of
imported Leishmania infantum cutaneous leishmaniasis;
an unusual presentation occurring 19 years after travel.
Infection Disease. 2014; (14):597-601.
Ashford RW. The leishmaniases as emerging and
reemerging zoonoses. International Journal of
Parasitology. 2000; 30:1269-1281.
Ready PD. Leishmaniasis emergence and climate change.
Revue Scientifique et Technologique. 2008; 27:399-412.
WHO. Control of the Leishmaniases. Report of a
Meeting of the WHO Expert Committee on the Control
of Leishmaniases. Geneva, 22–26 March 2010: World
Health Organization. 2010, 143-186.
Harrat Z, Hamrioui B, Belkaid M, Tabet-Derraz O. Point
actuel sur l’épidémiologie des leishmanioses en Algérie.
Bulletin de la Société Pathologie Exotique. 1995;
(88):180-184.
Belazzoug S. Isolation of Leishmania major (Yakimoff &
Schokhor, 1914) from Psammomy sobesus Gretzschmar,
1828 (Rodentia: Gerbillidae) in Algeria. Transactions of
the Royal Society of Tropical Medicine and Hygiene.
1983; 77(6):876-881.
Derbali M, Chelbi I, BenHadj Ahmed S, Zhioua E.
Leishmania major (Yakimoff and Schokhor, 1914)
(Kinetoplastida: Trypanosomatidae) in Meriones shawi
Duvernoy, 1842 (Rodentia: Gerbillidae): persistence of
the infection in meriones and its infectivity for the sand
fly vector (Phlebotomus) papatasi Scopoli, 1786
(Diptera: Psychodidae). Bulletin de la Société de
Pathologie Exotique. 2012; 105:399-402.
Boudrissa A, Cherif K, Kherrachi I, Benbetka S, Bouiba
L, Boubidi SC et al. Extension de Leishmania major au
Nord de l’Algérie. Bulletin de la Société Pathologie
Exotique. 2012; 105(1):30-35.
Ashford RW. Leishmaniasis reservoirs and their
significance in control. Clinics in Dermatology. 1996;
14(5):523-532.
Aoun K, Jeddi F, Amri F, Ghrab J, Bouratbine A. Current
epidemiological data on visceral leishmaniasis in Tunisia.
Médecine et Maladies Infectieuses. 2009; 39:775-779.
Bounoua L, Kahime K, Houti L, Blakey T, Ebi KL,
Zhang P et al. Linking climate to incidence of zoonotic
cutaneous leishmaniasis (L. major) in pre-Saharan North
Africa. International Journal of Environmental Research
and Public Health. 2013; (10):3172-3191.
Khezzani B, Bouchemal S. Demographic and spatiotemporal distribution of cutaneous leishmaniasis in the
Souf oasis (Eastern South of Algeria): Results of 13years.
Acta Tropica. 2016; 166(17):74-80.
Yates TL, Mills JN, Parmenter CA, Ksiazek TG,
Parmenter RR, Vande Castle JR et al. The ecology and

Journal of Entomology and Zoology Studies

28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

evolutionary history of an emergent disease: Hanta virus
pulmonary syndrome. Bioscience. 2002; (52):989-998.
Kasap OE, Alten B. Laboratory estimation of degree-day
developmental requirements of Phlebotomus papatasi
(Diptera: Psychodidae). Journal of Vector Ecology. 2005;
(30):328-333.
Benkova I, Volf P. Effect of temperature on metabolism
of Phlebotomus papatasi (Diptera: Psychodidae). Journal
of Medical Entomology. 2007; (44):150-154.
Aoun K, Halima G, Ahmed T, Ben Alaya N, Ben Sghaier
I, Nadia B et al. Investigation et analyse d’une épidémie
de leishmaniose cutanée à Ksar Ouled Dabbab, Tataouine
(Tunisie), 2012-2013. Médecine et Santé Tropicales.
2016; 26(1):39-44.
Clem A. A current perspective on leishmaniasis. Journal
of Global Infectious Diseases. 2010; 2(2):124-126.
Achour Barchiche N, Madiou M. Recrudescence des
leishmanioses cutanées: à propos de 213 cas dans la
wilaya de Tizi-Ouzou. Pathologie et Biologie. 2009;
57:65-70.
Fendri A, Beldjoudi W, Ahraou S, Djaballah M. Les
leishmanioses diagnostiquées au CHU Benbadis de
Constantine (Algérie): bilan de cinq années (2006–2010).
Bulletin de la Société de Pathologie Exotique. 2012;
105:46-48.
Chiheb S, Guessous-Idrissi N, Hamdani A. Leishmaniose
cutanée à leishmania tropical dans un foyer émergent au
nord du Maroc: nouvelles formes cliniques. Annales de
Dermatologie et de Vénéréologie. 1999; 126(5):419-422.
Traore KS, Sawadogo NO, Traore A. Etude préliminaire
de la leishmaniose cutanée dans la ville d’Ouagadougou
de 1996-1998. Bulletin de la Société de Pathologie
Exotique. 2001; 24(1):52-55.
Zait H, Ferhani Y, Achir I, Hamrioui B. Etude de 71 cas
de leishmanioses viscérales diagnostiquées au CHU
Mustapha d’ Alger de 1998 à 2008. Médecines et
Maladies Infectieuses. 2012; 42:119-125.
Adel A, Boughoufalah A, Saegerman C, De Deken R,
Bouchene Z, Soukehal A et al. Epidemiology of Visceral
Leishmaniasis in Algeria: An Update. PLos One. 2014;
9(6):99-107.

~ 49 ~

