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Abstract

Zoonotic cutaneous leishmaniasis (ZCL) caused by Leishmania major is a major public health concern in Algeria, a
recognized endemic hotspot. The parasite is maintained in a transmission cycle involving Phlebotomus papatasi sand
flies as vectors and rodents as reservoirs, primarily Psammomys obesus and Meriones shawi. Investigating additional
rodent species is essential to better understand transmission dynamics in emerging foci. This study assessed the
potential role of wild rodent species as reservoirs of Leishmania parasites in the emerging focus of leishmaniasis in
Djelfa, located in the Algerian central steppe. Rodents were trapped during the active season (February–November)
using wire traps and identified morphologically. DNA was extracted from spleen and liver tissues. Samples were
screened by PCR targeting the 18S rRNA gene for Leishmania detection, and positive samples were confirmed by
ITS1 sequencing. Rodent species identification was molecularly validated by sequencing the cytochrome b (Cytb)
gene. A total of 22 rodents were captured: 19 Jaculus orientalis, 2 Psammomys obesus, and 1 Meriones shawi. One
asymptomatic J. orientalis tested positive for L. major. Phylogenetic analysis clustered the isolate within the L. major
clade. Haplotype analysis revealed a unique haplotype differing by two mutations from the predominant North African
haplotype. This study provides the first molecular evidence of natural infection of J. orientalis with L. major in Algeria.
Although based on a single infected specimen, this species should be incorporated into eco-epidemiological
surveillance, and its reservoir competence warrants further investigation through expanded sampling and
xenodiagnostic studies.
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Introduction
Leishmaniasis is a neglected vector-borne disease caused by protozoan parasites of the genus
Leishmania (Kinetoplastida: Trypanosomatidae), transmitted through the bite of phlebotomine sand flies (Diptera:
Psychodidae). The disease remains endemic in 98 countries and poses a significant health threat to more than 1
billion people worldwide (WHO, 2023). Among its clinical forms, cutaneous leishmaniasis (CL) is the most common
form, is often caused by Leishmania major, and it is a zoonosis circulating among various rodents (Sadlova et al.,
2023).
Rodents are among the most ecologically adaptable mammals, occupying a wide range of natural and human-
modified habitats. Their ecological plasticity, high abundance, and close association with human settlements make
them important reservoirs for numerous zoonotic pathogens, including Leishmania (Rodriguez-Morales et al., 2025).
In the Maghreb region, L. major is transmitted by Phlebotomus papatasi (Sergent et al., 1921) and primarily
maintained in populations of two proven rodent reservoirs: the fat sand rat (Psammomys obesus) (Ashford et al.,
1977), and Meriones spp., namely Shaw's jird (M. shawi) and Libyan jird (M. libycus) (Ashford et al., 1977; Rioux et
al., 1982; Rioux et al., 1986).In Algeria, Ph . papatasi was confirmed as the main vector, sustaining a stable zoonotic
cycle with P. obesus and M.  shawi (Belazzoug, 1983; Belazzoug, 1986; Izri et al., 1992).
Although these species are recognised as the principal reservoirs of L. major, Algeria is home to at least 27 other
rodent species (Ahmim, 2019; Meunier et al., 2020), some of which may play a significant role in pathogen
maintenance and transmission. Indeed, L. major has already been detected in Psammomys vexillaris (Ben Othman et
al., 2018), Jaculus hirtipes , and Jaculus jaculus (Ghawar et al., 2022), and host competence of Gerbillus amoenus
and Acomys cahirinus seurati has been demonstrated experimentally (Benallal et al., 2023; Karlin et al., 2026).
Beyond rodents, other mammalian hosts have been found to be naturally infected with L. major in Tunisia, including
hedgehogs (Atelerix algirus and Paraechinus aethiopicus) and the least weasel (Mustela nivalis) (Derghal et al., 2022;
Ghawar et al., 2011a; Tomás-Pérez et al., 2014).
In Algeria, CL is the leading parasitic disease, representing 35% of all notifiable infections (Messahel et al., 2021). The
country ranks as the second-largest hotspot in the world after Afghanistan (Ruiz-Postigo et al., 2021; WHO, 2023),
with more than 20,000 new cases annually and an incidence rate of 28.19 per 100,000 inhabitants. More than
252,000 cases have been recorded in the last four decades (Benikhlef et al., 2021). Despite this substantial disease
burden, studies investigating animal reservoir hosts remain limited for this species compared with those for other
species such as L. infantum (Djellouli et al., 2025; Ferdes et al., 2025; Medkour et al., 2019). This gap is particularly
evident in the central steppe region, especially in Djelfa province, which represents a major endemic focus (Ouachek
et al., 2026). In 2024, Djelfa recorded 3,252 cases, corresponding to an incidence rate of 168.19 per 100,000
inhabitants and a 12.9-fold increase (+1,193%) compared with 2023 (INSP, 2024).
In this context, this study aimed to investigate rodent species diversity in the newly emerging CL focus of Djelfa and to
identify rodent species potentially involved in the transmission cycle of Leishmania parasites. This exploratory
approach provides preliminary insights into host-parasite associations. However, the detection of Leishmania infection
by molecular methods alone is insufficient to demonstrate reservoir competence. Nevertheless, these findings
contribute to a better understanding of transmission cycles in the region and help identify potential host species for
further investigation, ultimately supporting the design of more effective intervention strategies.

Materials and methods

Study area
The province of Djelfa is located about 300 km south of the capital, Algiers (2.01°-5.08° E and 32.85°-35.82° N). It
lies at the heart of the steppe region, forming a transitional zone between the High Plateaus to the south of the Tell
Atlas and the northern fringe of the Sahara. Djelfa covers 32,257 km², representing 1.35% of the national territory, the
province is characterised by cold winters and hot dry summers. The climate is predominantly semi-arid in the central
and northern sectors, average annual precipitation ranges between 200 and 500 mm, while the southern part is arid
receiving less than 200 mm annually. Elevation ranges from 150 m to 1,613 m above sea level (Ouachek et al., 2026)
(Figure 1).
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Figure  1. Study area. The map was generated using ArcMap 10.8. Administrative boundaries were obtained from the GADM database
(https://gadm.org/), basemap layers were sourced from ArcGIS Online, and DEM data (30 m resolution) were retrieved from the USGS
EarthExplorer platform (https://earthexplorer.usgs.gov).

Rodent trapping and manipulation
From February to November 2024, rodent trapping was conducted in areas reporting recent CL cases and showing
clear signs of rodent activity, including active burrows, faeces at burrow entrances, and the presence of
Chenopodiaceae vegetation. Sampling sites were located along dry riverbeds near animal shelters and human
dwellings (Figure 1, Figure 2F). At each site, five baited wire traps containing bread, tomatoes, wheat, and barley were
placed at sunset with approximately 10 m spacing between traps. Trap placement was guided by visible signs of
rodent activity and habitat suitability to maximise the likelihood of capture. Trapping was conducted over 27 nights,
representing a total effort of 135 trap-nights. Traps were checked the next morning, and captured animals were
transferred to ventilated cages and transported to the Laboratory of Exploration and Valorization of Steppic
Ecosystems (EVES), at the University of Djelfa.  
Rodents were euthanised by cervical dislocation under anaesthesia with a mixture of ketamine/xylazine (66 mg/kg
ketamine and 26 mg/kg xylazine per kilogram of body weight, respectively) injected intraperitoneally (Cold Spring
Harbor Protocols, 2006). Death was confirmed in each animal by the absence of respiratory movement and the
absence of a withdrawal reflex and then examined for the presence of Leishmania lesions on the muzzle, ears, paws,
and tail (Figure 2D and E). Morphometric measurements, including tail length, body length, hind foot length, ear height
and body weight (Table SM1) were taken for species identification according to Granjon and Duplantier (2009) and
Ahmim (2019). Spleen and liver samples were collected aseptically from all rodents, placed individually in sterile
Eppendorf microtubes, and stored at -20 °C until molecular analysis. Ear tissue samples were collected only from
animals presenting cutaneous lesions. All tissue samples were processed and analysed individually.
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Figure  2. Rodent species and field evidence of rodent activity: (A, B) Psammomys   obesus; (C) Meriones   shawi; (D, E) examination of lesions on
Jaculus  orientalis; (F) active burrows.

DNA extraction, species identification and Leishmania screening
DNA extractions were performed from liver, spleen and ears using the High Pure PCR Template Preparation Kit
(Roche Diagnostics GmbH, Mannheim, Germany), according to the manufacturer's instructions. For rodent species
confirmation, the mitochondrial cytochrome b (Cytb) gene was amplified using primers cyto 1
(5'-CCATCAAACATCTCAGCATGATGAAA-3') and cyto 2 (5'-CCCCTCAGAATGATATTTGTCCTC-3'). PCR
reactions were carried out in a final volume of 25 µL containing 12.5 µL of Emerald Green Master Mix (Takara Bio Inc.,
Kusatsu, Shiga, Japan), 1 µL of each primer (10 µM), 1.5 µL of template DNA, and 9 µL of nuclease-free water. The
thermocycling conditions consisted of 35 cycles of denaturation at 94°C for 30 s, annealing at 55°C for 30 s, and
extension at 72°C for 1 min (Abbasi et al., 2009). PCR products were separated on a 2% agarose gel, and visualised
under UV light. 
Leishmania spp. were detected using a nested PCR assay targeting the 18S rRNA gene (detection limit: 10⁻²
parasites per sample). The first-round PCR amplified a 332-bp fragment using the outer primers 18SN1F
(5′-GGATAACAAAGGAGCAGCCTCTA-3′) and 18SN1R (5′-CTCCACACTTTGGTTCTTGATTGA-3′). Reactions
were performed in a final volume of 20 μL containing 3 μL of genomic DNA, 0.5 μL of each primer (10 μM), 10 μL of 2×
Emerald Green Master Mix (Takara Bio Inc., Kusatsu, Shiga, Japan), and 6 μL of nuclease-free water. Thermal
cycling consisted of an initial denaturation at 94 °C for 3 min and 30 s, followed by 35 cycles of at 94 °C for 30 s,
annealing at 60 °C for 30 s, and extension at 72 °C for 25 s, with a final extension at 72 °C for 7 min and a final hold
at 12 °C.
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The second-round PCR amplified a 226-bp fragment using the inner primers 18SN2F
(5′-AGATTATGGAGCTGTGCGACAA-3′) and 18SN2R (5′-TAGTTCGTCTTGGTGCGGTC-3′). Reactions were
performed in a final volume of 20 μL containing 1 μL of the first-round PCR product, 0.5 μL of each primer (10 μM), 10
μL of 2× Emerald Green Master Mix (Takara Bio Inc., Kusatsu, Shiga, Japan), and 8 μL of nuclease-free water.
Cycling conditions were identical to those used for the first-round PCR (Sadlova et al., 2022).
All samples that tested positive by nested PCR targeting the 18S rDNA gene were subsequently confirmed by
amplification and sequencing of the internal transcribed spacer 1 (ITS1) region of the ribosomal DNA, following the
protocol described by Schönian et al. (2003). Amplification was performed using the previously published primers
LITSR (5′-CTGGATCATTTTCCGATG-3′) as the forward primer and L5.8S (5′-TGATACCACTTATCGCACTT-3′) as
the reverse primer. PCR reactions were carried out in a final volume of 25 µL containing 12.5 µL of Emerald Green
Master Mix (Takara Bio Inc., Kusatsu, Shiga, Japan), 1 µL of each primer (10 µM), 1.5 µL of template DNA, and 9 µL
of nuclease-free water. The thermal cycling conditions consisted of an initial denaturation at 95 °C for 2 min, followed
by 34 cycles of 95 °C for 20 s, 53 °C for 30 s, and 72 °C for 1 min, with a final extension at 72 °C for 6 min. Amplified
products were resolved on a 2% agarose gel and visualised under UV illumination.
For all Leishmania PCR assays, DNA extracted from cultured Leishmania major was included as a positive control,
while nuclease-free water served as the no-template control. To minimise the risk of contamination, PCR master mixes
were prepared in a laminar-flow cabinet using dedicated pipettes and aerosol-resistant filter tips.
All positive Cytb and ITS1 amplicons were purified using a High Pure PCR Product Purification Kit (Roche Diagnostics
GmbH, Mannheim, Germany) and sequenced bidirectionally using the same amplification primers (ABI PRISM BigDye
Terminator Cycle Sequencing Ready Reaction Kit, Applied Biosystems, Foster City, CA, USA). Forward and reverse
chromatograms were visually inspected, low-quality bases at both sequence ends were trimmed, and ambiguous base
calls were manually checked. Forward and reverse reads were assembled into consensus sequences using BioEdit
software v.7.2.5 (Hall, 1999). Consensus sequences were compared with those available in the GenBank database
using BLAST. Species identification was considered reliable when sequences showed ≥98% identity, 100% query
coverage, and an E-value of 0. Newly generated sequences were deposited in GenBank.  
The evolutionary relationships among the sequences were inferred using MEGA 12 software (Kumar et al., 2024). For
Cytb sequences, a maximum-likelihood (ML) tree was constructed under the TN93+I substitution model, with
Oryctolagus cuniculus as the outgroup. For Leishmania ITS1 sequences, a neighbor-joining (NJ) tree was generated
using Leishmania tropica as the outgroup. The robustness of all tree topologies was assessed with 1,000 bootstrap
replicates.

Haplotype network analysis
Using the GenBank ITS1 dataset, a haplotype network for Leishmania sequences was constructed with DnaSP
version 6 (Rozas et al., 2017) to calculate haplotype diversity indices based on a reduced alignment of 171 bp after
the removal of gap-containing positions. A median-joining network was then generated and visualised with PopART
(Leigh and Bryant, 2015).

Results

Captured rodents
A total of 22 rodents were captured and morphologically identified asJaculus orientalis (Figure SM2), Psammomys
obesus (Figure SM3), and Meriones shawi (Figure SM4) (Table I). Only one J. orientalis captured at El Maalba site
exhibited a cutaneous lesion on its ear (Figure 2D and E).
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Table  I. Distribution of captured rodent species

Molecular identification of rodents
Mitochondrial Cytb gene characterisation confirmed the morphological identification of 21 of the 22 identified rodents.
Only one specimen, morphologically identified as P. obesus, yielded a poor-quality sequence, impeding its identity
confirmation by sequencing. Phylogenetic analysis further supported the identification ofJ. orientalis, P. obesus,and
M. shawi, which clustered with their respective reference sequences from Algeria, Tunisia, Libya, and Morocco,
highlighting the strong genetic similarity of these species across North Africa. The bootstrap values supported the
robustness of these phylogenetic groupings (Figure 3).
The 21 sequences generated in this study were deposited in GenBank under the following accession numbers: 19
sequences of J. orientalis (PZ629108–PZ629126), one sequence of P. obesus (PZ629107), and one sequence of M.
shawi (PZ629106).

Leishmania major analyses
Among the 22 analysed rodents, only one asymptomatic J. orientalis, captured in Tlilat, tested positive for L. major in
its spleen by PCR targeting the 18S rRNA gene and ITS1 region. The phylogenetic tree showed that this sequence
belonged to the L. major clade and clustered closely with strains from Tunisia (isolated fromHomo sapiens and J.
jaculus), while remaining distinct from the Iranian cluster (comprising a strain isolated from M.  libycus) (Figure 4B).
The haplotype network (H = 4; Hd= 0.365) revealed low diversity among the analysed sequences and the positive
sample corresponded to a unique haplotype (Hap 4) that differed from Hap 1 and Hap 2 by two and three mutations
respectively (Figure 4A).
These results suggest that the L. major sequences detected in J. orientalis in Djelfa represents a genetically distinct
haplotype. The sequence was deposited in GenBank under accession number PV973320.
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Figure  3. Maximum-likelihood (ML) phylogenetic tree based on the cytochrome b (Cytb) gene, showing the relationships among rodent sequences
obtained in the present study together with homologous sequences retrieved from GenBank.
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Figure  4. (A) Median-joining haplotype network based on the ITS1 region of Leishmania detected in Jaculus orientalis in the present study and
homologous sequences retrieved from GenBank. (B) Neighbor-joining (NJ) phylogenetic tree reconstructed from the ITS1 dataset, including
sequences from this study and reference sequences from GenBank, the sequence generated in the present study is outlined in red.

Discussion
The recent emergence of Djelfa as a major hotspot of zoonotic cutaneous leishmaniasis (ZCL) in central Algeria
highlights the need to better understand the local transmission cycle (INSP, 2024). In this context, the present study
provides the first molecular evidence of natural L. major infection in J . orientalis from this emerging focus. Although
based on a single infected individual, this finding broadens the spectrum of wild rodent species naturally infected with
L. major in North Africa and identifies J. orientalis as a species deserving further eco-epidemiological investigation. 
To our knowledge, J. orientalis has not previously been reported to be naturally infected with L eishmania. This jerboa
is widely distributed throughout North Africa and occupies a broad range of arid and semi-arid habitats in Algeria
(Ahmim, 2019; Meunier et al., 2020).
To date, the endemicity of ZCL in the country has been associated with a classical transmission cycle maintained by
P. obesus and M. shawi (Belazzoug, 1983; Belazzoug, 1986). Interestingly, none of the two P. obesus specimens nor
the single M. shawi specimen examined in the present study tested positive for Leishmania, which may be explained
by the very small sample size.
Rodents of the genus Jaculus have recently been identified as potential reservoirs of L. major in Tunisia, where
natural infections were reported for the first time in two species, namely J. hirtipes and J. jaculus with infection rates
of 66.7% and 54.4%, respectively (Ghawar et al., 2022). Our findings further expand on this evidence by documenting
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natural infection in J. orientalis. Together, these reports suggest that species of the genus Jaculus may be more
frequently exposed to L. major than previously recognised. Nevertheless, the epidemiological significance of J.
orientalis remains unknown and cannot be inferred from the present data alone.
In our study, the positive J. orientalis specimen did not show any external signs of infection, whereas the only
individual presenting an ear lesion was PCR-negative. Similar asymptomatic infections have been reported (Ghawar
et al., 2011b; Michel et al., 2011; Singh et al., 2014). A recent study focused on the reservoir-vector-pathogen complex
M. shawi-L. major-Ph. papatasi demonstrated that even asymptomatic infected rodents can harbour and transmit
parasites to sand flies, acting as silent reservoirs (Sadlova et al., 2023). However, given the small sample size and the
detection of parasites in a single specimen, this finding remains insufficient to establish any epidemiological role or to
consider J. orientalis a reservoir according to the previously defined criteria (Chaves et al., 2007).
Molecular-based approaches such as PCR and sequencing for the detection of Leishmania parasites in wild animals
have proved important for identifying rodent species as potential reservoirs. However, the identification of parasite
DNA in any rodent species is not sufficient to confirm its role as a reservoir host (Silva et al., 2005). Some hosts may
simply serve as parasite sinks without contributing to transmission, meaning that even if they are infected, they do not
contribute to the infection of naïve sand flies (Chaves et al., 2007). The most reliable approach for assessing a host's
infectivity to sand flies and its involvement as a reservoir host is xenodiagnosis, which involves allowing laboratory-
reared naïve sand flies to feed on the suspected or infected host and then examining their guts for the presence of
parasites (Benallal et al., 2023; Sadlova et al., 2019).
Phylogenetic analysis based on the ITS1 region confirmed that the detected parasite belongs to the L. major clade
circulating in North Africa. Haplotype network analysis revealed that the isolate belongs to a distinct haplotype (H4),
indicating limited genetic differentiation. Although the biological significance of this haplotype cannot yet be
determined, the overall low genetic diversity observed (Hd = 0.365) is consistent with previous studies reporting
limited ITS1 variability among North African L. major isolates (Fotouhi-Ardakani et al., 2016; Ghawar et al., 2014).
Whether this pattern reflects local geographic structuring, adaptation to particular ecological conditions, or limited
sampling, remains to be investigated using larger datasets and higher-resolution genetic markers.
These preliminary results suggest that J. orientalis should be considered in future eco-epidemiological investigations
of CL in arid and semi-arid areas of Algeria considering that infectivity is not synonymous with symptomatology.
Further studies, including multilocus analyses, xenodiagnoses, and expanded sampling of rodents will be necessary to
determine whether J. orientalis can act as a primary or accidental reservoir for L. major.

Conclusion
This study provides the first molecular evidence of natural L . major infection in J . orientalis (greater Egyptian jerboa)
in Algeria. Although based on a single asymptomatic infected individual, this finding expands the spectrum of wild
rodent species naturally infected with L. major in North Africa. However, molecular detection alone is insufficient to
demonstrate reservoir competence, and the epidemiological role of J. orientalis therefore remains to be determined.
Future studies integrating larger-scale rodent surveys, parasite isolation, and xenodiagnostic experiments will be
essential to assess whether this species contributes to the maintenance of L. major transmission. Nevertheless, our
findings identify J. orientalis as a potential host deserving further investigation and contribute to a better understanding
of the eco-epidemiology of ZCL in Algeria and North Africa.
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