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Abstract: 
[bookmark: _Hlk216037414]Aims: This study was carried out to investigate the epidemiology of leishmaniasis in South Darfur State. Through examining the relationship between the disease and patient demographics (specifically sex and age), the prevalence rate across different months of the year to identify seasonal trends, and the process for follow-up diagnosis of clinical cases. 
Study design:  All suspected cases were investigated during the study period using a standardized form designed to capture essential data points, including patient age, sex, time, and observations of registered cases. 
Place and Duration of Study: This study was conducted at Nyala Teaching Hospital and the Communicable Diseases Center in South Darfur State, during the period from January 2022 to December 2022.
Methodology: Data were collected from all clinical cases received at Nyala Teaching Hospital and the Communicable Diseases Center in South Darfur State. Following a clinical examination, diagnoses were confirmed using a direct smear test and a direct agglutination test. 
[bookmark: _Hlk216037556]Results: The study revealed that the infection rate of Leishmaniasis, both cutaneous and visceral, during the study period was 1774 cases, of which 1497 were cutaneous Leishmaniasis, representing 84.4% of the total positive cases, while visceral Leishmaniasis cases were 277, representing 15.6% of the total positive cases. The study also showed that the infection rate was higher in males (1048 cases, or 59.1%) compared to females (626 cases, or 41.8%). The infection rate in the under-five age group was 216 cases (12.8%), while the infection rate in the 5-15 age group was 699 cases (39.4%). However, the infection rate in the 15-year-old and older age group was 859 cases (48.4%). The study also indicated that the infection rate peaked in September at 25.7%, followed by August at 22.6%, and then October at 20.4%. 
[bookmark: _Hlk216082862]Conclusion: the incidence of leishmaniasis is high in South Darfur State, especially cutaneous leishmaniasis, and it is high in males and older age groups, as well as in the autumn season, especially the month of September.
Keywords: Cutaneous leishmaniasis, visceral Leishmaniasis, South Darfur, epidemiology, infection rate.

1. Introduction 
Leishmaniasis is a parasitic disease caused by protozoa that is widespread globally. and is prevalent in many parts of the world (1). The disease is found on four continents and is classified by the World Health Organization (WHO) as one of the six major parasitic diseases that affect humans(2). There are multiple patterns of this disease, each with different clinical manifestations: the cutaneous pattern, the diffuse cutaneous pattern, the mucocutaneous pattern, and the visceral pattern(3, 4). Leishmaniasis is transmitted through the bite of a female sandfly infected with the Leishmania parasite. Approximately 30 species of sandfly can become infected when they feed on the blood of parasite-infected hosts, such as humans, or reservoir hosts like large animals, such as rodents and domestic animals, such as dogs, goats, camels, and cats(5). The diagnosis of Leishmaniasis in medical clinics depends on the appearance of the parasite in smears or skin biopsy samples by direct microscopic examination and immunological examination, and can be confirmed by the successful application of Polymerase Chain Reaction (PCR) in recent years to detect Leishmania species(6). The diversity of Leishmania parasites, coupled with the variety of their vectors and reservoir hosts, results in distinct epidemiological features. It is necessary to find a comprehensive and applicable method to control Leishmaniasis. One of the most important of these methods at present is preventing the disease by immunization with vaccines(7-9).
Leishmaniasis is a serious public health issue and a risk to travelers visiting endemic regions, ranking second only to malaria on the list of insect-borne diseases(10). It has a wide range of clinical symptoms and is prevalent in more than 89 countries(11). An estimated 350 million people worldwide are at risk of leishmaniasis infection, with 1.5-2 million new cases expected each year(12). Sudan is a significant disease hotspot, particularly for visceral leishmaniasis (kala-azar), and remains one of the handful of countries accounting for the majority of global cases. The disease is highly prevalent in the central and eastern regions of the country, and the ongoing conflict and humanitarian crises increase the risk of outbreaks, especially among displaced populations(13-15).
[bookmark: _Hlk216082806]Leishmaniasis is considered one of the parasitic intestinal and skin diseases that occur in an epidemic manner, with an incidence rate of up to 70%. It is one of the major causes of enlargement of the spleen, lymph nodes, and liver. It is considered the second most epidemic disease after malaria(3, 16). Therefore, it was necessary to study the disease and identify it, especially in the state of South Darfur.  This region presents numerous leishmaniasis cases and endures significant health and economic effects caused by the illness, leading to considerable community suffering from its severity, which disproportionately affects children and men. The present research is designed to conduct an epidemiological study of leishmaniasis within South Darfur State from January 1, 2022, to December 31, 2022; to investigate the prevalence of the disease based on demographic variables such as sex, age, and seasonal trends (by month); and to identify the general health status and to present this data to raise awareness and promote effective disease prevention strategies
2. Materials and Methods
2.1 Study Area 
South Darfur is one of Sudan's states, situated within the greater Darfur region in the western part of the country. It is positioned geographically between approximately 8°30' and 13°13' North latitudes and 27°45' and 32°15' East longitudes, covering an expansive area of 127,300 square kilometers(17).
2.2 Study Design and Data Collection
[bookmark: _Hlk216038787]All suspected cases were received at Nyala Teaching Hospital and the Communicable Diseases Center in South Darfur State during the study period, which extended from January 1, 2022, to December 2022. A form was prepared for this purpose, and the form included data for a full year. The survey included age, sex, observation of registered cases (positive or negative), and follow-up on the diagnosis of several cases of apparent skin lesions.
2.3 Gross Examination of Samples:
A general clinical examination with the naked eye revealed numerous red blisters and skin ulcers on the patient's exposed skin, alongside scars from prior cutaneous leishmaniasis. Additional clinical findings included hepatosplenomegaly and enlarged lymph nodes. The diagnosis considered clinical symptoms, disease progression, and the differentiation from other potential skin conditions.
2.4 Laboratory Testing by the Direct Smear Method: 
The infection was diagnosed using the direct smear method by obtaining a sample from the edge of the lesion. The non-mastigote stages of the parasite, Amastigote, are detected in the macrophages that remain in the skin tissue. 
The direct smear procedure was performed in the following steps (18):
1- A drop of ulcer fluid was placed on the edge of a clean glass slide at a 45-degree angle to create a thin smear after the sample was withdrawn from the edge using a 1 ml syringe. The smear was then allowed to dry at room temperature.
2- The blood smear was stained using Giemsa stain. The slides were immersed in methanol for 3 minutes and then allowed to dry at room temperature. They were then immersed in Geimsa stain and left to dry for 30-40 minutes.
3- The slides were washed with distilled water and allowed to dry. 
4- The slides were examined using a light microscope, an oil lens, at 100X magnification to detect the parasite.
2.5 Direct agglutination test (DAT) and LST
From every patient, we took a finger-prick blood sample on a Whatman no. 3 filter paper, and using freeze-dried antigen for the estimation of antileishmanial antibodies, all samples were diluted until endpoint ≥ 1: 102 400. Based on previous studies (19).
3. Results
3.1 Leishmaniasis Infection Rate During the Study Period:
The current study showed that the infection rate of leishmaniasis during the period from January 2022 to December 2022 was 1774 cases, representing 93.7% of all suspected cases. Of these, 1497 cases were cutaneous leishmaniasis, representing 84.4% of all positive cases (Table 1). The visceral leishmaniasis infection rate was 277 cases, representing 15.6% of all positive cases (Table 2).
3.2 Male Infection Rate:
The current study showed that the incidence of leishmaniasis in males was 1048 cases, representing 59.1% of all positive cases. Of these, 871 cases were cutaneous leishmaniasis in males, representing 58.2% of all positive cutaneous leishmaniasis cases (Table 1). The number of visceral leishmaniasis cases in males was 177, representing 63.9% of all positive visceral leishmaniasis cases (Table 2).
3.3 Infection Rate in Females:
The current study showed that the infection rate in females was 726 cases, representing 40.9% of all positive cases. Of these, 626 cases were cutaneous leishmaniasis, representing 41.8% of all positive cutaneous leishmaniasis cases (Table 1). The number of visceral leishmaniasis cases in females was 100, representing 36.1% of all positive visceral leishmaniasis cases (Table 2).
3.4 Infection Rate in Children Under Five Years:
The current study showed that the incidence of leishmaniasis in children under five years of age was 216 cases, representing 12.8% of all positive cases. Of these, 185 cases were cutaneous leishmaniasis, representing 12.4% of all positive cutaneous leishmaniasis cases (Table 1). The number of visceral leishmaniasis cases in children under five years of age was 31, representing 11.2% of all positive visceral leishmaniasis cases (Table 2).
3.5 Infection Rate in the 5-15 Age Group:
The current study showed that the infection rate of leishmaniasis in the 5-15 age group was 699 cases, representing 39.4% of all positive cases. Of these, 590 cases of cutaneous leishmaniasis were in the 5-15 age group, representing 39.4% of all positive cutaneous leishmaniasis cases (Table 1). The number of visceral leishmaniasis cases in the 5-15 age group was 109, representing 39.4% of all positive visceral leishmaniasis cases (Table 2).
3.6 Infection Rate in the Age Group 15 Years and Over
The current study showed that the infection rate of leishmaniasis in the age group 15 years and over was 859 cases, representing 48.4% of all positive cases. Of these, 722 cases of cutaneous leishmaniasis in the age group 15 years and over were 48.2% of all positive cutaneous leishmaniasis cases (Table 1). The number of visceral leishmaniasis cases in the age group 15 years and over was 137 cases, representing 49.5% of all positive visceral leishmaniasis cases (Table 2).
3.7 The prevalence of cutaneous leishmaniasis during the months of the study
The prevalence of cutaneous leishmaniasis significantly increased during the study period, starting in July and peaking in September at 25.7% of cases. The prevalence rates for other months were 22.6% in August and 20.4% in October, followed by a decrease in November and December. (Refer to Table 1).
3.8 Results of the macroscopic examination:
Macroscopic examination of cutaneous leishmaniasis samples revealed single or multiple skin ulcers, which appeared as red pustules or characteristic volcanic-shaped ulcers (Figure 1).
3.9 Laboratory Diagnostic Results
Laboratory diagnostic results revealed the presence of the non-flagellated phase of the parasite within samples taken from skin ulcers. These amastigote forms were observed inside neutrophils and macrophages after staining with Giemsa stain (Figure 2).
4. Discussion 
This study aimed to determine the epidemiology of leishmaniasis in South Darfur State during the period from January 2022 to December 2022 through patients suspected of having the disease who visited Nyala Teaching Hospital and the Communicable Diseases Center in South Darfur State. These are the only facilities in the state with the laboratory and clinical capacity to diagnose the disease. Therefore, this study is very important for treating the disease, as well as for planning a new control program that is appropriate to the disease's epidemiology. 
In South Darfur State, 1,774 cases of both cutaneous and visceral leishmaniasis were recorded during the study period (one year), which is considered a very high percentage, especially considering that all cases were diagnosed only in the state capital, and there may be other cases that were not identified or did not reach the diagnostic center. This is as stated in the report of the Ministry of Health in South Darfur State (2022), which confirmed the spread of cutaneous leishmaniasis in the eastern Jebel Marra region and attributed it to the deterioration of health services in the region due to the war that lasted for more than (17) years, and that a large number of those infected did not reach the health centers and often resorted to treatment with alternative medicine. It was also found that in the years following the events of 2003 and the security situation, insecticide spraying teams were unable to carry out their work in all areas, which caused the spread of the vector insect in the study areas. (20, 21). On the other hand, more than 10,000 cases were recorded in Khartoum State in September 1986, which proves the high number of cases in central Sudan, with a prevalence rate of up to 27% compared to the rest of the regions in Sudan (22, 23).
This study also reported a notable increase in the number of cutaneous leishmaniasis cases, reaching 1497 cases, compared to visceral leishmaniasis, which reached 277 cases. This is attributed and consistent with previous research indicating the prevalence of insects that transmit cutaneous leishmaniasis in the region and the activity of sandflies, which is linked to the climatic conditions during the study period, including temperature, humidity, and insect development. Several factors play a significant role in the presence and distribution of cutaneous leishmaniasis in rural areas, including the presence of animals that serve as reservoirs for the disease, particularly rodents and dogs. Furthermore, visceral leishmaniasis is relatively more difficult to diagnose compared to cutaneous leishmaniasis(3, 24, 25).
[bookmark: _Hlk216012157]Regarding the relationship between sex and leishmaniasis infection, this study showed a clear difference between males and females in terms of infection rates, with 1048 cases among males compared to 726 among females. This may be attributed to the fact that most males play without adequate clothing, and also to the fact that more parts of the male body are exposed, making them more susceptible to insect bites compared to females, due to customs and traditions, and the fact that males spend more time outdoors. Furthermore, insect activity is higher outdoors than indoors. These results are similar to those obtained in several previous studies(26-29). 
As for the relationship of age to leishmaniasis infection in the study area, the results of the current study showed that the age groups exposed to infection were distributed over a wide range of ages, but the most infected group was the age group of 15 years and over, as it recorded 859 cases, representing 48.4% of the total positive cases. This was followed by the 5-15 years age group, with 699 cases (39.4% of the total positive cases), and the less than 5 years age group, with 216 cases (12.8%). The increase in leishmaniasis cases among older people is due to several intersecting factors, including physiological changes such as weakened immune systems and a lower rate of spontaneous lesion healing. Additionally, behavioral and social factors, like the frequent outings of the elderly for work, increase their exposure to the sandfly vector. The higher incidence may also be influenced by healthcare access dynamics, specifically the relative ease with which the elderly can reach the state capital for diagnosis, potentially leading to higher reporting rates in this demographic compared to less mobile younger populations in rural areas(30, 31). Therefore, it was observed that infections increase with increasing age. As demonstrated in Mahmoud's research(24), most leishmaniasis patients in the Haweja district were over 15 years old. Musa(32) also noted that the highest incidence of cutaneous leishmaniasis was among patients aged 16-40.
The monthly distribution of leishmaniasis cases during the study period demonstrated a noticeable upward trend beginning in July, reaching its peak in September with a rate of 25.7% of all cases. This peak was preceded by August (22.6%) and followed by October (20.4%), indicating concentrated transmission during these three consecutive months. An increase in the number of cases of cutaneous leishmaniasis was observed during the autumn months (July-August-September-October), reaching its peak with the highest rainfall rate in September, when there are ponds and swamps that provide a suitable environment for the insect's growth during its life cycle. The insect, in its larval stage, needs decaying materials in the soil, feces, and animal excrement to feed on, and this is what the soil surrounding the swamps provides. Also, there are some houses made of mud or corn stalks, especially those located in rural and agricultural areas during the autumn period, which are considered areas of attraction and shelter for many types of insects. Consequently, people will be more exposed to insect bites, including those of the sandfly that transmits cutaneous leishmaniasis(33-35). These results are also consistent with Omran’s study(23), which showed that the outbreak peaked in September 1986, and the disease was widespread throughout Khartoum State, but the most affected areas were on the banks of the Nile River, where the insect’s activity increased during this period.
Conclusions:
The incidence of leishmaniasis is high in South Darfur State, with a disproportionate effect on males compared to females. The data indicate that older age groups are more affected than younger ones. Furthermore, the disease incidence shows a seasonal pattern, being higher during the autumn months, with a particular peak in September.

Recommendation
To control the disease effectively, several measures are essential: laboratory and clinical diagnostic and treatment facilities must be made available in rural and agricultural areas; effective disease education in these same rural areas is vital to facilitate timely diagnosis and treatment; advanced molecular techniques like polymerase chain reaction (PCR) should be implemented to improve diagnostic accuracy; and finally, vaccination against the disease is crucial, especially in endemic and high-risk areas.
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Table 1 shows the distribution of cutaneous leishmaniasis based on age and sex:
	Age group
	under 5 years 
	5-14 years
	15 Years and Over
	The Total
	Overall Total

	
	Male 
	Female
	Male 
	Female
	Male 
	Female
	Male 
	Female
	

	January 
	3
	1
	7
	2
	21
	8
	31
	11
	42

	February
	1
	0
	3
	4
	16
	8
	20
	12
	32

	March
	1
	0
	0
	3
	9
	3
	10
	6
	16

	April
	0
	0
	0
	0
	2
	6
	2
	6
	8

	May
	0
	0
	0
	1
	0
	3
	0
	4
	4

	June
	1
	0
	12
	2
	3
	2
	16
	4
	20

	July
	6
	1
	22
	10
	14
	12
	42
	23
	65

	August
	29
	30
	80
	68
	81
	51
	190
	149
	339

	September
	21
	26
	96
	73
	104
	64
	221
	163
	384

	October
	18
	16
	54
	53
	99
	66
	171
	135
	306

	November
	13
	11
	41
	23
	63
	39
	117
	73
	190

	December
	2
	5
	19
	17
	30
	18
	51
	40
	91

	
	95
	90
	334
	256
	442
	280
	871
	626
	1497











Table 2 shows the distribution of visceral leishmaniasis based on age and sex:
	Age group
	under 5 years 
	5-14 years
	15 Years and Over
	The Total
	Overall Total

	
	Male 
	Female
	Male 
	Female
	Male 
	Female
	Male 
	Female
	

	January 
	0
	0
	0
	0
	3
	0
	3
	0
	3

	February
	0
	0
	1
	0
	0
	0
	1
	0
	1

	March
	0
	0
	1
	0
	2
	0
	3
	0
	3

	April
	0
	0
	4
	0
	0
	0
	4
	0
	4

	May
	0
	0
	0
	0
	0
	0
	0
	0
	0

	June
	0
	0
	2
	2
	1
	1
	3
	3
	6

	July
	6
	1
	22
	10
	14
	12
	42
	23
	65

	August
	0
	0
	1
	0
	0
	0
	1
	0
	1

	September
	0
	0
	1
	0
	1
	0
	2
	0
	2

	October
	0
	0
	1
	0
	0
	1
	1
	1
	2

	November
	13
	11
	41
	23
	63
	39
	117
	73
	190

	December
	0
	0
	0
	0
	0
	0
	0
	0
	0

	
	19
	12
	74
	35
	84
	53
	177
	100
	277
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Fig.  1. Skin ulcers caused by the Leishmania parasite in some patients with cutaneous leishmaniasis.
[image: ]
Fig.  2. The non-flagellated phase within neutrophils and macrophages of skin ulcers after staining with Giemsa stain.




References 
1.	Sasidharan, S., & Saudagar, P. (2021). Leishmaniasis: where are we and where are we heading? Parasitology Research, 120(5), 1541-1554. https://doi.org/10.1007/s00436-021-07139-2
2.	Tripathi, L. K., & Nailwal, T. K. (2021). Leishmaniasis: an overview of evolution, classification, distribution, and historical aspects of parasite and its vector. In M. Samant & S. C. Pandey (Eds.), Pathogenesis, Treatment and Prevention of Leishmaniasis (pp. 1-25). Academic Press. https://doi.org/B9780128228005000044 
3.	Abadías-Granado, I., Diago, A., Cerro, P. A., Palma-Ruiz, A. M., & Gilaberte, Y. (2021). Cutaneous and mucocutaneous leishmaniasis. Actas Dermo-Sifiliográficas (English Edition), 112(7), 601-618. https://doi.org/10.1016/j.ad.2021.02.008 
4.	Akilov, O. E., Khachemoune, A., & Hasan, T. (2007). Clinical manifestations and classification of Old World cutaneous leishmaniasis. International Journal of Dermatology, 46(2). https://doi.org/10.1111/j.1365-4632.2007.03154.x 
5.	Cecílio, P., Cordeiro-da-Silva, A., & Oliveira, F. (2022). Sand flies: Basic information on the vectors of leishmaniasis and their interactions with Leishmania parasites. Communications Biology, 5(1), 305. https://doi.org/10.1038/s42003-022-03240-z 
6.	Mehrotra, S., Tiwari, R., Kumar, R., & Sundar, S. (2025). Advances and Challenges in the Diagnosis of Leishmaniasis. Molecular Diagnosis & Therapy. https://doi.org/10.1007/s40291-024-00762-6 
7.	Mughal, M. A. S., Khan, M. K., Mobashar, M., Rehman, A., Ullah, A., Latif, M., Ali, M., Abbas, A., & Akram, M. S. (2023). Leishmania and animal reservoirs: A major challenge for disease control. In L. Aguilar-Marcelino, M. A. Zafar, R. Z. Abbas, & A. Khan (Eds.), Zoonosis (Vol. 3, pp. 528-538). Unique Scientific Publishers. https://doi.org/10.47278/book.zoon/2023.121 
8.	Montenegro Quiñonez, C. A., Runge-Ranzinger, S., Rahman, K. M., & Horstick, O. (2021). Effectiveness of vector control methods for the control of cutaneous and visceral leishmaniasis: A meta-review. PLoS Neglected Tropical Diseases, 15(5), e0009309. https://doi.org/10.1371/journal.pntd.0009309 
9.	Abdellahi, L., Iraji, F., Mahmoudabadi, A., & Hejazi, S. H. (2022). Vaccination in Leishmaniasis: A Review Article. Iranian Biomedical Journal, 26(1), 1-35. https://doi.org/10.52547/ibj.26.1.35 
10.	Akuffo, R. J. (2020). Epidemiology Of Leishmania Infection And Insecticide Treated Bed Net Use In Three Communities Of Oti Region, Ghana. University of Ghana. http://ugspace.ug.edu.gh/handle/123456789/39000 
11.	Torres-Guerrero, E., Quintanilla-Cedillo, M. R., Ruiz-Esmenjaud, J., & Arenas, R. (2017). Leishmaniasis: a review. F1000Research. https://doi.org/10.12688/f1000research.11120.1 
12.	Bhunia, G. S., & Shit, P. K. (2020). Introduction of visceral Leishmaniasis (Kala-azar). In Spatial Mapping and Modelling for Kala-azar Disease (pp. 1-18). Springer. https://doi.org/10.1007/978-3-030-41227-2_1 
13.	Al-Salem, W., Herricks, J. R., & Hotez, P. J. (2016). A review of visceral leishmaniasis during the conflict in South Sudan and the consequences for East African countries. Parasites & Vectors, 9(1), 460. https://doi.org/10.1186/s13071-016-1743-7 
14.	Ibrahim, B., Elmadani, M., Sahar, H., Gadallh, M., Abdallh, A., & Ahmed, A. E. E. (2024). Prevalence of visceral Leishmaniasis among wildlife rangers in Dinder National Park, Sudan. medRxiv. https://doi.org/10.1101/2024.06.24.24309386 
15.	Ibrahim, A. M., Mohamed, L. M., & Khanna, A. (2025). Visceral Leishmaniasis Service Delivery in Somalia: A Comprehensive Literature Review. Research and Reports in Tropical Medicine. https://doi.org/10.2147/RRTM.S536971 
16.	Van der Auwera, G., Davidsson, L., Buffet, P., Ruf, M. T., Gramiccia, M., Varani, S., Chicharro, C., Bart, A., Harms, G., Chiodini, P. L., Brekke, H., Robert-Gangneux, F., Cortes, S., Verweij, J. J., Scarabello, A., Karlsson Söbirk, S., Guéry, R., van Henten, S., Di Muccio, T., ... LeishMan Surveillance network. (2022). Surveillance of leishmaniasis cases from 15 European centres, 2014 to 2019: a retrospective analysis. *Eurosurveillance*, *27*(4), 2002028. https://doi.org/10.2807/1560-7917.ES.2022.27.4.2002028 
17.	Takana Y. The Politics of Local Boundaries and Conflict in Sudan. The South Darfur Case: Chr. Michelsen Institute; 2008.
18.	Thakur, S., Joshi, J., & Kaur, S. (2020). Leishmaniasis diagnosis: an update on the use of parasitological, immunological and molecular methods. Journal of Parasitic Diseases. https://doi.org/10.1007/s12639-020-01212-w 
19.	Abdallah, K. A., Nour, B. Y., Schallig, H. D., Mergani, A., Hamid, Z., & Elkarim, A. A. (2004). Evaluation of the direct agglutination test based on freeze-dried Leishmania donovani promastigotes for the serodiagnosis of visceral leishmaniasis in Sudanese patients. Tropical Medicine & International Health, 9(10), 1127-1131. https://doi.org/10.1111/j.1365-3156.2004.01308.x 
20.	Natukunda, J. (2022). Child Health in Darfur, Sudan: Addressing the Effects of Armed Conflict on Children's Health in Darfur. https://scholarcommons.usf.edu/etd/9440 
21.	Khogali, A., AbuKoura, R., Abdelmagid, N., Ibrahim, M., Ratnayake, R., & Dahab, M. (2025). SWOT Analysis of Communicable Disease Surveillance in Sudan. Public Health Challenges, 4(1), e70024. https://doi.org/10.1002/puh2.70024 
22.	Ahmed, M., Abdullah, A. A., Bello, I., Hamad, S., & Bashir, A. (2022). Prevalence of human leishmaniasis in Sudan: A systematic review and meta-analysis. World Journal of Methodology, 12(4), 305-318. https://doi.org/10.5662/wjm.v12.i4.305 
23.	Osman, O. F., Kager, P. A., & Oskam, L. (2000). Leishmaniasis in the Sudan: a literature review with emphasis on clinical aspects. Tropical Medicine & International Health, 5(8), 553-562. https://doi.org/10.1046/j.1365-3156.2000.00598.x 
24.	Mahmood A. Immunological evaluation of zinc concentration in cutaneous leishmania patients in Al-Haweja district: M. SC. Thesis, College of Medicine, University of Tikrit; 2006.
25.	Wamai, R. G., Kahn, J., McGloin, J., & Ziaggi, G. (2020). Visceral leishmaniasis: a global overview. Journal of Global Health Science, 2(1). https://doi.org/10.35500/jghs.2020.2.e3 
26.	Lockard, R. D., Wilson, M. E., & Rodríguez, N. E. (2019). Sex-related differences in immune response and symptomatic manifestations to infection with Leishmania species. Journal of Immunology Research, 2019, 4103819. https://doi.org/10.1155/2019/4103819 
27.	Dahal, P., Singh-Phulgenda, S., Olliaro, P. L., & Guerin, P. J. (2021). Gender disparity in cases enrolled in clinical trials of visceral leishmaniasis: A systematic review and meta-analysis. PLoS Neglected Tropical Diseases, 15(3), e0009204. https://doi.org/10.1371/journal.pntd.0009204 
28.	Al-khayat, Z. A. Y., Agha, N. F. S., & Alharmni, K. I. F. (2019). Gender differences in the severity and features of lesions among Cutaneous Leishmaniasis patients. Journal of Contemporary Medical Sciences, 5(6), 336–342. https://doi.org/10.22317/jcms.v5i6.685 
29.	Battistoni, O., Huston, R. H., Verma, C., Pacheco-Fernandez, T., Abul-Khoudoud, S., Campbell, A., & Satoskar, A. R. (2025). Understanding Sex-biases in Kinetoplastid Infections: Leishmaniasis and Trypanosomiasis. Expert Reviews in Molecular Medicine. https://doi.org/10.1017/erm.2024.41 
30.	Valero, N. N. H., & Uriarte, M. (2020). Environmental and socioeconomic risk factors associated with visceral and cutaneous leishmaniasis: a systematic review. Parasitology Research, 119(2), 365-384. https://doi.org/10.1007/s00436-019-06575-5 
31.	Cota, G., Erber, A. C., Schernhammer, E., & Simões, T. C. (2021). Inequalities of visceral leishmaniasis case-fatality in Brazil: A multilevel modeling considering space, time, individual and contextual factors. PLoS Neglected Tropical Diseases, 15(7), e0009567. https://doi.org/10.1371/journal.pntd.0009567 
32.	Al-Qadhi, B. N., Musa, I. S., & Al-Mulla Hummadi, Y. M. K. (2015). Comparative immune study on cutaneous leishmaniasis patients with single and multiple sores. Journal of Parasitic Diseases, 39(3), 361-370. https://doi.org/10.1007/s12639-013-0368-4 
33.	Afshar, P. J., Bahrampour, A., & Shahesmaeili, A. (2022). Determination of the trend of incidence of cutaneous leishmaniasis in Kerman province 2014-2020 and forecasting until 2023. A time series study. PLOS Neglected Tropical Diseases, 16(4), e0010250. https://doi.org/10.1371/journal.pntd.0010250 
34.	Faraj, T., & Lake, I.R. (2015). The seasonality of cutaneous leishmaniasis in Asir Region, Saudi Arabia. International Journal of Environmental Sustainability, 3(3), 1-13. https://doi.org/10.24102/ijes.v3i3.519 
35.	Javanbakht, M., Saghafipour, A., Ezimand, K., Hamta, A., Farahani, L. Z., & Soltani, N. (2021). Identification of climatic and environmental factors associated with incidence of cutaneous leishmaniasis in Central Iran using satellite imagery. Asian Pacific Journal of Tropical Biomedicine, 11(1), 40-46. https://doi.org/10.4103/2221-1691.300730  



image1.tiff




image2.tiff




