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Abstract

Background: Cutaneous leishmaniasis is a persistent public health challenge in Palestine,
particularly within the Hebron and Bethlehem governorates. This study aims to analyze the
epidemiological characteristics of cutaneous leishmaniasis (CL) cases by person, place, and time
in Hebron and Bethlehem Districts. It seeks to identify the sociodemographic and environmental
risk factors associated with CL transmission in these endemic areas through statistical analysis.
Additionally, it assesses the relationship between climate factors, particularly rainfall, and CL
occurrence over recent years. Finally, the study evaluates the effectiveness of recent preventive
measures implemented by municipalities and health authorities in these districts to combat the
disease.

Methods: A case-control study was conducted with 207 confirmed cases of cutaneous
leishmaniasis and 414 controls (1:2 ratio) matched by age, sex, and residential area. Data were
gathered through structured interviews and validated questionnaires covering socioeconomic
status, housing conditions, environmental exposures, and behavioral factors. Statistical
analyses, including chi-square tests, t-tests, and multivariate logistic regression, were used to
identify significant risk factors.

Results: The spatial distribution of cases revealed that 29.9% were concentrated in Zatara, A’rab
ar Rashayida, and Al-dirat, with notable clusters in Wadi Araba, Dimona, Beer Sheba, and Eilat
(16.4%), as well as Massafer Bani Na’im (14.5%). Multivariate logistic regression identified
several key risk factors for cutaneous leishmaniasis. Household crowding was a significant
predictor, with those in overcrowded conditions showing increased odds of infection (OR =
2.10, 95% CI: 1.45-3.05). Poor housing quality, characterized by inadequate sanitation and
proximity to areas with high vector activity, further elevated the risk (OR =2.35, 95% CI: 1.50—
3.70). Lower socioeconomic status was strongly associated with higher incidence rates,
disproportionately affecting individuals in the lowest income brackets (p < 0.05).

Environmental factors, including rainfall and topography, were also significant. The study found
that areas with lower annual rainfall (<300 mm) had a higher incidence of cutaneous
leishmaniasis, possibly due to the drier conditions favoring the breeding and survival of sandfly
vectors (p < 0.05). Topographical analysis revealed that cases were more common in low-lying
areas and valleys, which provide suitable microhabitats for sandflies. These areas often have
higher humidity levels and vegetation, which can support vector proliferation and increase
human exposure risk (OR = 1.90, 95% CI: 1.30-2.80).

Behavioral factors, particularly outdoor sleeping habits and insufficient use of protective
measures during peak vector activity at night, were significantly correlated with higher infection
rates (p < 0.01). Proximity to animal shelters and unprotected agricultural areas increased the
likelihood of exposure to sandfly bites, the primary vector for leishmaniasis (OR = 1.85, 95%
CI: 1.20-2.85). Educational programs aimed at improving knowledge and practices related to
vector protection showed potential as an intervention, indicating that public awareness is critical
in mitigating the spread of the disease.

Conclusions: The findings underscore the importance of improving socio-economic conditions,
enhancing housing and environmental sanitation, and promoting awareness about leishmaniasis
to mitigate the disease's spread. Targeted interventions, including the use of insecticide-treated



bed nets and better waste management, are recommended to reduce infection rates. Continued
surveillance and specific and tailored public health strategies are essential to address the ongoing
challenge of leishmaniasis in Palestine.

Keywords: Leishmaniasis, case-control study, environmental determinants, social
determinants, Palestine, Hebron, Bethlehem, public health, epidemiology
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CHAPTER ONE: BACKGROUND

1.1 Introduction

Leishmaniasis, a neglected tropical disease, poses a significant global health challenge,
particularly in regions where poverty and climate conditions promote its transmission. The
disease is caused by various species of protozoa, such as Lutzomyia, Psychodopygus, and
Phlebotomus, transmitted primarily through the bites of infected female sandflies. These small,
nocturnal insects are typically found in animal burrows, woodlands, and cracks in mud and stone
walls, biting between dusk and dawn, often unnoticed. The epidemiology of leishmaniasis is
closely linked to socio-ecological determinants, including poverty, and is influenced by social,
environmental, and climatic factors (WHO, 2022; Jeronimo et al., 2011). Clinically,
leishmaniasis manifests in three main forms: cutaneous, mucocutaneous, and visceral.

Leishmaniasis is endemic in several regions globally, including Africa, the Middle East, South
Asia, Southern and Northern Europe, South America, and Central America. However, its
distribution is expanding to non-endemic areas due to increased international travel (Eiras et al.,
2015). The World Health Organization (WHQO) reports that leishmaniasis has been documented
in 102 countries, with cutaneous leishmaniasis present in 48 countries (WHO, 2018). Annually,
approximately 350 million people are at risk, with over 14 million currently infected and more
than 2 million new cases reported worldwide (WHO, 2007).

Multiple cofactors contribute to the spread of leishmaniasis, including physical and biological
factors, biodiversity, socioeconomic conditions, environmental changes, deforestation linked to
urbanization, the presence of domestic animals, and standards of living (Oliveira et al., 2021,
Singh, 2019). Human activities that alter topography play a critical role in the spread of
cutaneous leishmaniasis (CL). These activities disrupt the ecological balance, creating new
environments—such as forests, rural areas, peri-domestic settings, and urban zones—that are
conducive to the survival of various vector species adapted to these changes (Shaw, 2007;
Lainson & Shaw, 1978). Research indicates that large-scale infrastructure projects, including
hydroelectric facilities, dams, roadways, railways, and rural colonization efforts, significantly
facilitate CL transmission by drastically altering local environmental conditions (Lainson &
Shaw, 1978; Shaw, 2007; WHO, 2010).

In Palestine, the incidence rates of cutaneous leishmaniasis (CL) were reported as 1.16 cases
per 100,000 population, and 2.02 cases per 100,000 in the West Bank, while visceral
leishmaniasis (VL) rates were 0.02 cases per 100,000 in Palestine and 0.04 cases per 100,000 in
the West Bank. Over the past seven years, both CL and VL incidences in Palestine have
fluctuated, showing a general declining trend (Ministry of Health [MOH], 2022). CL infections
in the West Bank accounted for approximately 1.9% of all parasitic infections in Palestine, with
Leishmania tropica and Leishmania major as the primary causative agents. Between 2008 and
2017, 2,672 CL cases and 40 VL cases were reported in the West Bank, with the highest CL
prevalence in Jericho (603 cases), Tubas (503), Jenin (462), Hebron (228), and Bethlehem (191)
(Ministry of Health, Environmental Health Department, 2023, personal communication). The
West Bank is home to three Leishmania species—L. tropica, L. major, and L. infantum—which



cause both CL and VL, with VL predominantly affecting villages in the western areas near
Israeli VL endemic regions; no data is available for the Gaza Strip (Amro et al., 2009).

Data on CL caused by L. tropica in Palestine is limited. However, reports indicate that
leishmaniasis has been documented in all Palestinian districts, with an incidence rate exceeding
10 per 100,000 in the West Bank in 2003 (Ministry of Health-PHIC, 2004). The incidence of
the disease increased from 0.13 per 100,000 in 1999 to 9.7 per 100,000 in 2003, with a similar
rate of 9.7 per 100,000 observed from 2004 to 2005. The highest incidence was recorded in the
Tiberias district at 62.5 per 100,000. Between 2002 and 2009, several CL cases caused by L.
tropica were reported in West Bank districts, with an annual incidence rate of 23.0 per 100,000
(Azmi et al., 2017). The Palestinian Ministry of Health recorded three significant leishmaniasis
outbreaks: in 1996 (150 cases), 2004 (over 250 cases), and 2015 (380 cases). It is estimated that
340 VL cases occurred among the Palestinian population between 1990 and 2017, excluding
Gaza due to data limitations, with an annual incidence rate of 0.73 cases per 100,000 population
(MOH, 2022).

Leishmaniasis, comprising both cutaneous leishmaniasis (CL) and visceral leishmaniasis (VL),
is an ongoing public health challenge in Palestine, with significant variability in its distribution
and impact across different regions. Over the past three decades, multiple studies have
documented the epidemiological characteristics, spatiotemporal patterns, and future projections
of leishmaniasis in Palestine. CL has been particularly prevalent in areas such as Jenin, Jericho,
and Tubas, with over 5,800 cases reported between 1990 and 2020. The disease is primarily
caused by Leishmania tropica and Leishmania major, with Phlebotomus sergenti identified as
the main vector in these regions. Future projections suggest an increase in CL incidence in the
northwestern West Bank and the possible emergence of new endemic foci in the Gaza Strip due
to climate change.

In contrast, VL has a more localized distribution, predominantly affecting young children in the
Hebron district and the western parts of the West Bank. Studies have identified Leishmania
infantum as the causative agent, with Phlebotomus syriacus and Phlebotomus tobbi as potential
vectors. Despite fluctuations in incidence, VL continues to be a concern, with projections
indicating that certain areas may remain at risk in the future. Additionally, parasitic infections,
including leishmaniasis, have shown differing patterns between the West Bank and Gaza Strip,
with Gaza recording a higher overall burden. These findings highlight the need for ongoing
surveillance, effective vector control measures, and public health education to mitigate the
spread of leishmaniasis and reduce its burden on the Palestinian population (Amro et al. (2022);
Amro et al., (2020); Hamarsheh and Amro (2020); Azmi et al. (2012); Al-Jawabreh et al. (2004);
Amro et al. (2009)).

1.2 Problem Statement

In Palestine, as noted by Amro et al. (2022), the disease has emerged as a major public health
concern, particularly in the West Bank, with the majority of cases being transmitted by infected
Phlebotomine sandflies. Due to lacking data from Gaza, WHO recommended for deep research
to investigate the incidence, prevalence, and dispersion of CL in Palestine despite CL cases were
registered in Sinai Peninsula (WHO, 2021).



Groups of factors, including climatic, socioeconomic, and ecological settings, can contribute in
development of leishmaniasis. Potential risk elements for leishmaniasis including substandard
living conditions, low educational attainment, disorderly surroundings and environment, and
limited awareness have been investigated by numerous studies (Valero & Uriarte, 2020; Ullah
et al., 2016; Terefe et al., 2015; Singh, 2019; Salah et al., 2016; Picado et al., 2014; Oryan &
Akbari, 2016; Mandal et al., 2020; Maia et al., 2016). To the researchers’ knowledge, these
factors had not been investigated in this area before. Lower incidence of cutaneous leishmaniasis
(CL) was found to be significantly linked to the higher educational attainment of the head of
household, and children sleep under bed nets were found in a study conducted aimed to
investigate the sero-prevalence of leishmania major and the risk factors associated with
contracting the disease in Jericho city and nearby Agbat-Jaber refugee camp (al Jawabreh et al.,
2003).

Leishmaniasis is a disease that is endemic and mostly it was spread in Jericho city due to its
geographical and climatic features, which is suitable for the sand fly, the vector for this disease,
to survive. The incidence of disease increased in most parts of Palestine including cold areas,
which could be due to the climatic changes that occurred in Palestine mainly during the last ten
years (Ministry of Health-PHIC, 2004). It seems that Leishmaniasis distributed all over the
districts in Palestine and became not limited to Jericho and warm region. So, this study will try
to answer the main research question: What are the main risk factors associated with
Cutaneous leishmaniasis in Hebron and Bethlehem Districts- Palestine?

1.3 Justification of the study

Leishmaniasis, a parasitic disease, presents a significant social and medical threat across
approximately 99 countries worldwide (Alvar et al., 2012; Alvarez-Hernandez et al., 2020; de
Souza et al., 2018). Globally, the prevalence of leishmaniasis in all its forms is estimated at 12
million cases, with about 1.5 to 2 million new cases of cutaneous leishmaniasis (CL) and
500,000 new cases of visceral leishmaniasis (VL) annually. This disease is responsible for
around 50,000 deaths each year, making it the second deadliest parasitic disease after malaria
(Desjeux, 2004; Oryan et al., 2007; WHO, 2002).

Leishmaniasis has recently re-emerged in various regions, intensifying global health and
economic concerns due to its vector-borne nature. The epidemiology of leishmaniasis is
influenced by the interactions between hosts, reservoirs, vectors (human, animal, and sandfly),
and environmental factors. The emergence and spread of leishmaniasis can be attributed to
numerous changes in environmental and ecological factors, including weather patterns, water
catchment, irrigation, deforestation, climatic fluctuations, immunosuppression from organ
transplants or HIV, emerging drug resistance, increased human movement to endemic areas,
and domestic dog ownership.

There remains a limited understanding of the environmental and social determinants that explain
why some individuals contract the disease while others do not (Sbehat, 2012). Research on
leishmaniasis has primarily focused on isolated or limited factors and has been conducted
predominantly in regions where Leishmania is prevalent. Consequently, there is an urgent need



for comprehensive investigations into the clinical, environmental, co-infection, and resistance
factors associated with Leishmania in endemic areas. Despite its wider geographical distribution
compared to the past, leishmaniasis continues to be one of the world’s most neglected diseases,
disproportionately affecting impoverished and developing regions.

From the researcher’s experience and observations in the preventive medicine department, data
indicate that some individuals within the same household contract the infection while others do
not. This observation raises critical questions about the underlying factors contributing to this
variability. The findings from this study will help clarify the dynamics of the disease.
Understanding the risk factors that affect both humans and animals is crucial for gaining insights
into disease transmission and for developing effective public health and control measures (Salah
etal., 2016).

Given the increasing incidence of leishmaniasis in Palestine, it is imperative to prioritize health
education and raise awareness among the population about the associated risk factors. To
address this effectively, it is essential to identify the specific risk factors for leishmaniasis within
the communities residing in the affected areas.

The coexistence of different Leishmania species and their association with specific geographic
areas further highlights the need to understand the environmental and social factors influencing
disease occurrence and spread. Investigating these determinants is crucial for developing
tailored prevention and control strategies to meet the unique needs of different regions in
Palestine. The ultimate goal of this study is to propose recommendations that improve health
outcomes and reduce the burden of the disease in affected areas.

1.4 Research Question

What are the potential environmental and sociodemographic determinants that can
independently pose a risk for Leishmaniasis in the Hebron and Bethlehem Districts of the West
Bank, Palestine?

1.5 Objectives of the study

The study aimed to address the primary research question by examining the key determinants
of leishmaniasis among Palestinians, specifically in the southern part of the West Bank (Hebron
and Bethlehem Districts). The specific objectives are as follows:

1. To analyze the characteristics of leishmaniasis cases by person, place, and time in the
Hebron and Bethlehem Districts. This will involve collecting and evaluating
epidemiological data on demographic, geographic, and temporal patterns of the disease
over time.

2. To identify the sociodemographic and environmental risk factors associated with
leishmaniasis transmission in these endemic areas. This objective will be achieved by
conducting statistical analysis of risk factors.

3. To assess the relation between climate (rainfall) and CI occurrence during last years.



4. To assess the latest preventive measures implemented by municipalities and health
directorates in the two governorates to combat this disease.

1.6 Main hypothesis

This study proposes that there is a relationship between environmental and socio-demographic
factors and the occurrence of leishmaniasis among Palestinians living in the Hebron and
Bethlehem Districts in Palestine.

Also, the study hypnotized that increased levels of annual rainfall are positively associated with
the occurrence of leishmaniasis in endemic areas.

1.7 Thesis structure

This thesis consists of the following chapters:

Chapter One: Background part of the thesis including introduction, problem statement,
justification, aims of the study, and the research questions.

Chapter Two: Literature review which provides an overview of literature concerning
leishmaniasis, encompassing its epidemiology, pathogenesis, clinical presentations, diagnostic
techniques, treatment options, and preventive measures. It synthesizes existing research to
contextualize our study and pinpoint areas where knowledge gaps exist.

Chapter Three: Methodology: this chapter describes the research design, study area, study
population, sampling techniques, ethical considerations, data collection methods, and statistical
analyses used in the study.

Chapter Four: Results: this chapter presents the results of our study in a clear and organized
manner. It includes descriptive statistics, tables, figures, and any other relevant data
representations.

Chapter Five: includes the discussion of the results, limitations and strengths of the study,
conclusion, and recommendations.

In addition to references and appendices



CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

The leishmaniasis could occurred after being bitten by a female sandfly. Recently, it became a
health concern in many countries worldwide (tropical, subtropical, and southern Europe). The
natural environments vary from deserts to rain forests. Leishmaniasis usually has greater
prevalence rates in countryside or rural than in urban environments, while cases have been
reported in several city suburbs. Alterations in climate and environment can play a significant
contribution in the geographical expansion of sand fly vectors, thereby expanding the endemic
regions. The spreading and transmission of the disease may be influenced by such alterations to
climatic patterns and environmental factors (CDC, 2020).

According to current estimates, diseases carried by arthropod vectors, or vector-borne diseases
account for 17% of all infections leading to at least 700,000 fatalities annually due to its high
incidence, morbidity, and mortality. Neglected Tropical Diseases (NTDs) are diseases that
affect people disproportionately in tropical and subtropical economically disadvantaged
countries (Cecilio et al., 2022; Alvarez-Hernandez et al., 2020; Herricks et al., 2017).
Leishmaniasis encompasses a collection of illnesses triggered by 20 distinct species of
leishmania which are spread by various species of phlebotomine sand flies. Even after extensive
research efforts, several aspects of leishmaniasis are still unclear. For example, distinct
leishmania species are associated with comparable clinical presentations, L. infantum can cause
both CL and VL. These observations highlight the complex nature of leishmaniasis by
suggesting that factors other than parasite tropism and virulence may affect the disease’s
occurrence. It poses a considerable burden on public health due to its wide distribution and
diverse clinical manifestations. The transmission of Leishmania parasites occurs primarily after
the bite of infected sand flies, making it crucial to understand the epidemiology, pathogenesis,
and factors influencing the spread of the disease (CDC, 2020). A protozoa parasite from more
than 20 leishmaniasis species is the cause of leishmaniasis. Based on the reservoir hosts,
leishmaniasis was divided into two major categories: zoonotic (for wild and domestic animals)
and anthroponotic (where the main source is humans) (Mokhtar I, Mosa B, Abdallah M., (2017);
Talari S, et al., 2010). In regard to human leishmaniasis, CL is considered the most prevalent
type (Hawash YA, et al., (2018); El-Beshbishy HA, et al., (2013)).

L. tropica has also been claimed to be endemic in Israel and the Philistines, while the cycle of
transmission is not completely understood. With a widespread geographic distribution
throughout the region, Phlebotomus (Paraphlebotomus) sergenti has been identified as the
primary vector of L. tropica. Phlebotomus arabicus and Phlebotomus similis have also been
documented. Leishmania major has reportedly been linked to CL in Southern Israel; this type
of the illness is self-healing but makes the patient anxious. The reservoir host is the obese sand
rat Psammomys obesus (Cricetidae: Gerbillinae), and P. obesus and the sand fly Phlebotomus
papatasi (Diptera: Psychodidae) serve as the vectors. L. majori, the parasite that causes CL and
VL, is the primary carrier of both the disease and its primary vector, P. papatasi. VL is primarily
brought on by L.infantum, though L. tropica can also be to blame in some cases. CL comes in
two forms: ZCL and ACL, which are caused by L. major and L. tropica, respectively. Rodents
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are the main reservoir hosts, and some of the more endemic species include Rhombomys (R.)
opimus, Meriones libycus, Tatera (T.) indica, and Meriones hurrianae. Phlebotomus papatasi
transmits L. major, whereas Phlebotomus sergenti transmits L. tropica (Wasserberg G, et al.,
(2013); Kyari, S. (2024)). There are around 90 kinds of sandflies that can spread leishmania
parasites (WHO, 2023). Table 2.1 shows the 20 leishmaniasis parasites (Kyari, S. (2024))

Table 2.1: Parasites species and clinical form of leishmaniasis and their geographical

distribution
]Eillnlcal Leishmania parasite Geographical distribution
orms
Morocco, Algeria, Tunisia, Libya, Egypt; Chad;
L. major, L. tropica, L. infantum, and Labrus donovani;|Sudan, South Sudan, Ethiopia, Kenya, Uganda and
L. braziliensis: Lutzomyia neivai, Lu. Whitmani, L. Somalia; Niger, Nigeria, Senegal and Mali;
Cortelezzii complex (L. Cortelezzii—L. Sallesi), L. Cameroon, Burkina Faso, Mauritania, Gambia and
CL Migonei, and L. Pessoai, L. (L.) peruviana, L. Guinea, Ghana; Syria, Lebanon, Israel, Palestine,
lainsoni, L. amazonensis, L. infantum chagasi, L. Iran, Saudi Arabia, Irag, Pakistan, Afghanistan,
Mexicana, Leptodactylus colombiensis and L. Turkmenistan; Greece; United State of America;
equatoriensis Bolivia, Brazil, Colombia, Peru; Sri Lanka, China,
Nepal Bangladish; India, and
MCL L_. via_nnia brazilie_nsis, L. vignnig amazone_sis, L. Senegal: Colombia; Sri Lanka
viannia panamensis and L viannia guyanesis
DCL L. Mexicana_, L. aethiopica, L. a_mazonensis, L. pifanoi, Mexico, United States, and Canada
L. guyanensis, and L. panamensis
Ethiopia, Kenya, Somalia, South Sudan, Sudan,
VL L. donovani, L. infantum, L. tropica, L. chagasi Chad, Togo, Burkina Faso, Cameroon and Uganda;

Iran, Bangladesh, Sri Lanka and Nepal; India;

Brazil, Argentina, Colombia; India

2.2 Literature Review

2.2.1. Leishmaniasis Classifications:
There are different forms of leishmaniasis (CDC, 2020):
2.2.1.1. Visceral leishmaniasis (VL) or kala-azar:

Over 95% of untreated cases of kala-azar, the most serious type of leishmaniasis, resulted in
death. Patients with this condition typically experience fevers, weight loss, spleen and liver
enlargement, and anemia. With 50,000 to 90,000 new cases worldwide each year, the majority
of cases are in Brazil, East Africa, and India; only 25-45% of these cases are reported to the
WHO. VL is endemic to Irag, Somalia, Sudan, Palestine, and Yemen; it mostly affects poor
populations and carries a high risk of outbreak and fatality. Malnutrition, becoming homeless,
poor housing, compromised immune systems, scarce resources, and environmental alterations




like urbanization and deforestation are all contributing factors (WHO, 2023; Amro, A., and
Hamarsheh, O., 2020).

Domestic dogs (Canis familiaris) are the primary disease reservoir in both urban and rural
regions, Foxes (Lycalopex vetulus and Cerdocyon thours) and some marsupials (Didelphis spp.)
act as reservoirs in the wild. Congenital transmission and needle sharing among drug addicts are
two routes of infection. Direct person-to-person transmission does not occur. To prevent human
infection, which cannot be averted by a vaccine, it is recommended to stay indoors between
dusk and dawn, use mosquito nets, wear protective clothing and apply insect repellents to
minimize contact with vectors. Vector control involves integrated environmental sanitation
practices, with spraying residual insecticides being a safe and effective methods (PAHO, 2012).

Between 1993 and 2007, 76 cases of visceral leishmaniasis (VL) were reported in the Hebron
district of the West Bank, Palestine, all affecting children under 9 years old, with a median age
of 2 years. Leishmania infantum was identified as the causative agent, and serological surveys
indicated an 8.4% seropositivity rate among children, particularly those in households with
previous VL cases or domestic animals. The epidemiological pattern of VL in Hebron aligns
with typical Mediterranean region trends, and preliminary sandfly surveys identified
Phlebotomus syriacus and Phlebotomus tobbi as potential vectors (Amro et al., 2009). VL
continues to be endemic in the West Bank but not the Gaza Strip

2.2.1.2. Cutaneous leishmaniasis (CL):

Cutaneous leishmaniasis (CL) was first described in the Old World by Lewis and Cunningham
in 1876. This condition is primarily caused by L. major and L. tropica, while in the southwestern
regions of Mexico and along the Guatemalan border, it is attributed to Leishmania mexicana.
CL lesions typically develop on areas of the body exposed to sandfly bites, with the most
frequently affected sites being the ears (especially the helix and anti-helix), nose, upper lip,
cheeks, legs, hands, forearms, and ankles. In Guatemala, the upper limbs are most commonly
affected, accounting for up to 43% of cases. The incubation period ranges from 1 to 4 weeks but
can extend to several years. Patients often have a history of travel to endemic areas. In the New
World, CL is a zoonosis caused by at least ten species of Leishmania, primarily within the
mexicana and braziliensis complexes (Dedet, 1999).

The most prevalent type results exposed body areas with skin lesions, especially ulcers, which
can cause severe impairment or social stigma in addition to permanent scarring, approximately
95% of cases of cutaneous leishmaniasis (CL) occur in the Middle East, Central Asia, the
Americas, and the Mediterranean region, Globally, between 600,000 and 1 million new cases
are reported to WHO of which 80% are from Mediterranean region. (WHO, 2023).

This disease can be occurred due to existence of different leishmaniasis species depends on the
geographic areas. Each species has its own reservoir host. The main cause of cutaneous
leishmaniasis (CL) in the Old World is L. major, which is usually spread via rodent reservoirs.
The density of vector populations is correlated with the frequency of CL outbreaks. Epidemics
of zoonotic cutaneous leishmaniasis (ZCL)have been associated with distinct rodent
populations. For instance, ZCL outbreaks in Ethiopia are linked to L. aethiopica, but
anthroponotic cutaneous leishmaniasis is believed to be caused by L. tropica throughout the
Middle East and North Africa. But animals like dogs, livestock, and wild species can also
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contract the disease and could severe as potential reservoirs for human infection. Several
leishmania (Viannia) species are found in the New World and cause CL. Several leishmania
species cause cutaneous leishmaniasis in distinct regions: the Old World (Eastern Hemisphere)
and the New World (Western Hemisphere). In the Old World, L. tropica, L. major, L.
aethiopica, L. infantum, and L. donovani are the primary agents. Conversely, in the New World,
the L. mexicana species complex (L. mexicana, L. amazonensis, and L. venezuelensis) and the
subgenus Viannia (L. [V.] braziliensis, L. [V.] guyanensis, L. [V.] panamensis, and L. [V.]
peruviana) are prevalent, with L. infantum/L. chagasi also contributing to cutaneous
leishmaniasis (CDC, 2023).

From 1990 to 2020, Palestine recorded 5,855 cases of cutaneous leishmaniasis (CL), with an
average annual incidence rate (AAIR) of 18.5 cases per 100,000 population. The male-to-female
ratio was 1.25:1. Patient ages ranged from 2 months to 89 years, with a mean age of 22.5 years,
a standard deviation of 18.67 years, and a median age of 18 years. Over 65% of cases were
concentrated in three West Bank governorates: Jenin (29%, 1,617 cases), Jericho (25%, 1,403
cases), and Tubas (12%, 658 cases), while no cases were reported in the Gaza Strip. CL
incidence typically increases in December and peaks in March and April. Future projections
suggest a potential rise in CL cases in the northwestern West Bank, a possible decline in Jericho
and Tubas, and the emergence of new endemic areas in the Gaza Strip (Amro et al., 2022).

Sawalha et al. (2003) identified five potential Phlebotomus vectors of leishmaniasis in the West
Bank. Of these, P. papatasi was the most common (approximately 90%), followed by P.
syriacus (8%), and P. mascitti (2%). P. sergenti and P. tobbi were less common. They concluded
that P. papatasi, P. sergenti, and P. syriacus are likely the primary regional vectors for L. major,
L. tropica, and L. infantum, respectively. In Hebron Governate, P. syriacus and P. tobbi were
present in 45% and 10% of samples, respectively, while in Jenin, P. tobbi and P. syriacus were
found in 15% and 13% of samples, respectively. In northern Palestine, P. perfiliewi was found
in 45% of samples. These species are considered potential vectors for L. infantum in the
Mediterranean basin.

2.2.1.3. Mucocutaneous leishmaniasis (MCL):

Mucosal leishmaniasis (ML) develops when cutaneous leishmaniasis (CL) infection extends to
mucosal surfaces, leading to symptoms such as nasal congestion, bleeding, and ulcers in the
mouth and throat, which can cause facial deformities. ML is predominantly linked to infection
with L. braziliensis (Glesby et al., 2012). Resulting from partial or complete destruction of
mucous membranes in the nose, mouth, and throat. Over 90% of mucocutaneous leishmaniasis
cases are reported in Bolivia, Brazil, Ethiopia, and Peru (WHO, 2022). According to WHO
(2020), CL is the predominant type and is characterized by skin lesions. People with CL
continue to have no symptoms (WHO, 2020). These lesions (one or more) appeared on their
bodies, which can change in size and appearance over time. These scores start off as nodules
and can develop into ulcers that have a center and a raised border, mimicking a volcanic shape
(WHO, 2019).

Each year between 26,000 and 65,000 new cases are expected to occur globally, however, only
19-37% of these cases are formally reported to health authorities, despite an estimated 12 million
cases worldwide. Malnutrition, population dislocation, substandard housing, compromised
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immune systems, and low socio-economic position are all associated with the disease. In the
Eastern Mediterranean Region (EMR), which includes Afghanistan, Iran, Iraq, Pakistan, and
Syria, Leishmaniasis has been reported. A total of 70% of CL cases worldwide are accounted
for by the EMR alone (Eshetu & Mamo, 2020; WHO, 2022).

In occupied Palestine “Israel” nineteen patients (11.5%) were diagnosed with MCL among the
cohort of travelers returning from Latin America with leishmaniasis. Among them the majority
(18 patients (95%)) were also males (Solomon, M., et al., 2022).

2.2.2. Leishmaniasis Clinical Presentation:

When an individual is bitten by a sandfly carrying leishmania parasites, cutaneous leishmaniasis
(CL) typically develops within weeks, resulting in skin lesions on exposed areas of the body. In
New World cutaneous leishmaniasis (NWCL), symptoms often appear as nodules or ulcers,
frequently accompanied by local lymphadenopathy. Old World cutaneous leishmaniasis
(OWCL) presents with similar symptoms but may also include plague-like lesions, particularly
affecting the face, ears, and extremities. CL ulcers generally exhibit minimal pain, slow
progression, and raised borders (Murray, 2012; Solomon et al., 2011).

Disseminated infection (L. infantum), Greece

Fig. 2.1: Clinical presentation of cutaneous leishmaniasis (CL). Source: Eiras, D.P., et al.,
2015

2.2.2.1. Localized cutaneous leishmaniasis:

LCL is characterized by localized warmth and swelling. Initially, an erythematous,
asymptomatic papule appears at the site of the bite, though itching may occur. The papule
typically ranges from 1 to 10 mm in diameter. Within 2 days, it progresses into a vesicle and
later transforms into a pustule. Upon rupture, either spontaneously or due to scratching, it forms
a circular ulcer with nodular or thickened borders featuring sharp, raised edges (refer to Fig.
2.2). These ulcers can persist anywhere from 2.3 to 2.5 months to as long as 15 to 20 years. The
base of the ulcer displays granulation tissue that bleeds upon contact and is surrounded by a
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pink margin, occasionally covered by a whitish pseudo-membrane (refer to Fig. 2.3). In certain
cases, abundant discharge may lead to the formation of an adherent crust.

Figure 2.2: Early ulcer on the forearm Figure 2.3: Ulcer on the upper limb
with meliceric crust. with crusts and raised borders

Causative Species: L. (L.) major, L. (L.) mexicana, L. (L.) amazonensis, L. (V.) braziliensis, L.
(L.) tropica, L. (L.) aethiopica, L. (V.) panamanensis, L. (L.) infantum, L. (L.) donovani
Source: Torres-Guerrero, E., et al., 2017

2.2.2.2. Diffuse cutaneous leishmaniasis:

This manifestation is characterized by anergy, indicating a lack of cellular immune response to
parasite antigens. This allows the parasite to spread through tissue, lymph, and blood pathways,
resulting in lesions across most skin areas except the scalp, and sometimes involving mucous
membranes. When mucous membranes in areas like the oropharynx and nasopharynx are
affected, painful nodules can develop, potentially leading to airway obstruction. This clinical
manifestation presents considerable treatment challenges, does not resolve spontaneously, and
can persist for up to two decades. This condition is prevalent in Central America, Amazonian
Brazil, Venezuela, Ethiopia, and Kenya. It is caused by the L. mexicana complex (including L.
amazonensis, L. braziliensis, and L. pifanoi) and primarily affects exposed areas such as the
ears, cheeks, and extremities (Bravo & Sanchez, 2003; Reithinger et al., 2007).

The initial signs often consist of firm, red nodules and reddish-brown, infiltrative plaques that
can be either smooth or warty. These lesions typically emerge on the face and subsequently
spread to other areas such as the extremities, buttocks, and mucous membranes. In severe
instances, the entire skin surface may be affected. Additional symptoms may include
lymphedema, lymphadenopathy, overall poor health and fever. (fig 2.4) (Torres-Guerrero, E., et
al., 2017)
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Figure 2.4: Anergic clinical form of Diffuse cutaneous leishmaniasis

Causative Species: L. (L.) amazonensis, L. (L.) mexicana, L. (V) pifanoi, L. (L.) aethiopica, L.
(L.) major.

Source: Torres-Guerrero, E., et al., 2017

2.2.2.3. Muco-cutaneous leishmaniasis:

Chronic treatment-resistant leishmaniasis affecting the skin and adjacent mucous membranes
results from pathogen spread through Iymphatic or hematogenous routes, with
immunosuppression potentially triggering or exacerbating mucosal involvement. Mucosal
lesions may develop during the cutaneous phase or appear years later. In South America, within
endemic regions, approximately 1 to 10% of patients initially diagnosed with localized
cutaneous leishmaniasis (LCL) may progress to mucocutaneous leishmaniasis within five years
after apparent healing. Mucocutaneous leishmaniasis occurs in 1-3% of individuals infected
with cutaneous leishmaniasis, with 90% of cases reported in Bolivia, Brazil, and Peru. The
causative species, primarily from the L. braziliensis complex, including L. braziliensis, L.
guyanensis, and L. panamensis, lead to the invasion and destruction of the nasopharyngeal
mucosa (Davies et al., 2000). Mucosal invasion in leishmaniasis is generally slow and may
initially go unnoticed, often presenting with mild local pruritus and swelling. In Panama, a
condition known as "Bejuco's ulcer," primarily affecting young individuals, is caused by L.
panamensis (Bravo & Sanchez, 2003; Reithinger et al., 2007).
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Figure 2.5: Muco-cutaneous leishmaniasis (“Espundia”).

Source: Prof. Dr. med. Peter Altmeyer (https://www.altmeyers.org/en/dermatology/leishmaniasis-
mucocutaneous-123724#authors)

2.2.2.4. Visceral leishmaniasis, or kala-azar (black fever):

Symptoms of kala-azar typically emerge 3 to 8 months after infection, with preschool children,
immunocompromised individuals, and malnourished persons being the most vulnerable.
Without timely treatment, kala-azar can be fatal, highlighting the critical need for early diagnosis
and intervention. Recent increases in kala-azar cases among AIDS patients and intravenous drug
users suggest potential transmission through contaminated syringes. The disease often presents
with lesions in the reticuloendothelial system, which may range from subclinical or
oligosymptomatic cases to more severe manifestations. Common symptoms include
lymphadenopathy, hepatomegaly, splenomegaly, pallor, anemia, leukopenia, thrombocytopenia,
fever, night sweats, weakness, anorexia, asthenia, cutaneous pigmentation, and rapid weight
loss. Affected children frequently suffer from chronic diarrhea and growth retardation (Desjeux,
2004; Guerin et al., 2002).

Laboratory findings often indicate pancytopenia and hypergammaglobulinemia. If left
untreated, kala-azar can progress to cachexia, multisystem failure, hemorrhage due to
thrombocytopenia, and fatal secondary infections. A decline in CD4 cell count or function,
particularly in patients undergoing corticosteroid therapy, chemotherapy, transplants, or those
with HIV infection, may lead to disease recurrence, necessitating adjustments to therapeutic
regimens (Bhat et al., 2017; Collin et al., 2004; Murray et al., 2005).

Leishmania infection also causes a variety of cutaneous manifestations, with the species of the
parasite being the primary determinant of the clinical outcome (Scorza et al., 2017).
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Figure 2.6: Visceral leishmaniasis
Source: https.//openwho.org/courses/NTDs-visceral-leishmaniasis-east-africa?locale=es

2.2.3. Epidemiology of Leishmaniasis:

Leishmaniasis, a parasitic disease, presents a significant social and medical threat across
approximately 98 countries (Alvar et al., 2012; Alvarez-Hernandez et al., 2020; de Souza et al.,
2018). The disease is endemic in Asia, Africa, the Americas, and the Mediterranean region. In
the Americas, leishmaniasis primarily manifests as a jungle zoonosis but can also occur in semi-
desert or cold regions. Transmission is mainly through sandflies, specifically species within the
Phlebotomus and Lutzomyia genera. The disease is widespread across many countries,
extending from the southern United States to northern Argentina, with a sero-prevalence of
cutaneous leishmaniasis (CL) at 0.017% (Hoyos et al., 2016), excluding Chile, Uruguay, and El
Salvador (Reithinger et al., 2007). Since 2015, leishmaniasis has been recognized as endemic
in the US following reports of autochthonous cases (WHO, 2017).

The distribution of leishmaniasis is influenced by various factors, including the migration and
dispersal of affected individuals and animals, as well as climatic variations that facilitate disease
spread (Gage et al., 2008). Among the registered cases, cutaneous leishmaniasis (CL)
constitutes the majority, accounting for three to four times as many cases as other forms, making
it the most common variant (Hailu et al., 2016). The prevalence of CL is increasing globally
(Alvar et al., 2012; Bailey et al., 2017).

Leishmaniasis exhibits a diverse epidemiology with the highest prevalence in East Africa,
Brazil, and the Indian Subcontinent. Ninety percent of visceral leishmaniasis (VL) cases are
reported in Sudan, Brazil, India, Bangladesh, and Nepal (Hailu et al., 2010). Leishmania
infantum and Leishmania donovani are the primary species responsible for these cases. L.
infantum is prevalent in the drier areas of Latin America and Mediterranean climate regions,
while L. donovani is predominantly found in sub-tropical regions of Asia and Africa. VL is
concentrated in Bangladesh, Brazil, Ethiopia, India, South Sudan, and Sudan, and is considered
endemic in East Africa, North Africa, Central Africa, and the Horn of Africa. The disease was
first reported in Niger in 1911 and later became endemic in Mauritania, Gambia, Senegal,
Nigeria, and Cameroon (Menkir & Tsion, 2015). Approximately 70% of CL cases occur in
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Afghanistan, Algeria, Brazil, Colombia, Costa Rica, Ethiopia, Iran, Sudan, and Syria (Guerrero
et al., 2017; Ready, 2014a).

East Africa ranks as the second-largest region for VL occurrences, with an estimated 30,000
cases and 4,000 related deaths, predominantly in Sudan, Ethiopia, and Kenya. VL is associated
with high mortality and morbidity, exacerbated by poor nutritional status and the remote
location of endemic areas (Hailu et al., 2010; Al-Salem et al., 2016).

In the Mediterranean region, Leishmania infantum is the primary cause of both visceral
leishmaniasis (VL) and canine leishmaniasis (CanL) (Gramiccia et al., 1989). Leishmaniasis
represents a significant public health issue in the Mediterranean, with CL and VL being
prevalent in 14 of 22 countries. Outbreaks occur approximately every decade. In 2008, about
100,000 new cases of CL were reported. Zoonotic cutaneous leishmaniasis, caused by L. major
and L. tropica, affects countries including Afghanistan, Iran, Irag, Morocco, Pakistan, Saudi
Arabia, Syria, and Yemen. The primary endemic areas for L. donovani-induced anthroponotic
VL are Somalia and Sudan, while zoonotic VL caused by L. infantum is widespread throughout
most of the region (Postigo, 2010).

2.2.4. Transmission and Life cycle:
2.2.4.1. Causative Agent:

About 21 out of 30 species that infect mammals, are capable of infecting humans. This
comprises three species that are part of the L. mexicana complex (L. mexicana, L. amazonensis,
and L. venezuelensis), three species that are part of the L. donovani complex (L. donovani, L.
infantum, and L. chagasi), and species like L. tropica, L. major, and L. aethiopica. Four
important species (L. (V.) braziliensis, L. (V.) guyanensis, L. (V) panamensis, and L. (V.)
peruviana are also part of the subgenus Viannia. Under a microscope, these species are identical
in appearance, but isoenzyme analysis, molecular techniques, or monoclonal antibodies can
distinguish them (Parija S, 2004; Roberts M. T. M., 2005).

Figure 2.7. sandfly
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2.2.4.2. Life Cycle:

Leishmania parasites undergo two key developmental stages: amastigotes and promastigotes.
Amastigotes are spherical, non-flagellated cells, measuring 2 to 4 pm in diameter. In contrast,
promastigotes are elongated, flagellated cells, resembling lances, and range from 5 to 14 um in
length and 1.5-3.5 um in width. While various species of Leishmania do not exhibit significant
morphological differences, they are categorized based on geographical, biological, and clinical
characteristics. The life cycle of Leishmania involves both vertebrate hosts (e.g., humans, rats,
dogs, rodents, and hyrax) and invertebrate hosts, specifically sandflies (Phlebotomus in the Old
World and Lutzomyia in the New World). Promastigotes, the motile and propagative form of
the parasite, develop within the lumen of the female sandfly. Upon transmission to a mammalian
host via a sandfly bite, these promastigotes transform into amastigotes, which then reside within
the phagolysosomes of host cells. Transmission of the parasite typically occurs when an infected
sandfly bites a mammalian host, most often a human (Chhabra MB & Singla LD, 2014; Sharma
& Singh, 2008; Teixeira et al., 2013; Koutis CH, 2007; CDC, 2023). A summary of the life cycle
is depicted in fig. 2.8.

Sandfly Stages Human Stages
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L 6: : . of various tissues and infect
R h— —— N other calls
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A! Diiagnostic Stage

Figure 2.8: Life cycle of leishmaniasis
(source: https://www.cdc.gov/dpdx/leishmaniasis/index.html)

To summarize the figure 2.8 in which, individuals can contract the infection of leishmaniasis
through the bite by an infected female sandfly, which injects a form of the protozoa known as
promastigotes that can lead to infection. These promastigotes are engulfed by specific immune
cells called macrophages through a process known as phagocytosis. Within these cells, the
promastigotes transform into another form called amastigotes. When an infected person or
animal is bitten by another sandfly, the fly becomes infected by consuming blood containing
macrophages containing amastigotes. Within the midgut of the fly, the amastigotes develop into
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promastigotes, which then undergo multiplication, development, and migration to the fly’s
mouthparts (CDC, 2023).

2.2.4.3. Transmission and Life cycle:

Leishmaniasis can spread between peoples through biting by infected female phlebotomine sand
flies, which inject metacyclic promastigotes, the infective stage, into the host’s skin during what
is called a blood meal. Once inside the host, promastigotes are engulfed by macrophages and
other mononuclear phagocytic cells, where they undergo transformation into amastigotes, the
tissue stage. Amastigotes then replicate within these cells and infect other mononuclear
phagocytic cells through simple division. When sand flies feed on an infected host, they ingest
macrophages containing amastigotes, becoming infected themselves. Within the sand fly’s
midgut, amastigotes undergo transformation into promastigotes, where they multiply, develop,
and migrate to the proboscis for transmission during subsequent blood meals (CDC, 2023;
Ceciliop et al., 2022). Summary of leishmaniasis transmission presented as follow (figure 2.9):

Human Host
Promastigotes taken up by
macrophages. Become
amastigotes, Multiply in
reticuloendothelial Cells (VL)
or skin macrophages (CL, MCL)

Amastigotes ingested by
Promastigotes injected sandfly, then they become
through skin when infected Promastigotes. Promastigotes
sandfly takes a blood meal multiply and migrate to head
and month parts of fly

Figure.2.9: Transmission of Leishmania (prepared by researcher)

2.2.5. Diagnostic approaches of leishmaniasis:

The initial sign of infection typically appears as a small, red area at the site of the sandfly bite.
As the infection progresses, the parasites induce an inflammatory response, causing the redness
to develop into an open ulcer or, in some cases, spread to organs such as the spleen and liver.
The severity of these inflammatory reactions varies depending on the causative Leishmania spp,
the host's immune response, the parasite strain, and other yet unidentified factors (Reithinger &
Dujardin, 2007).

Early detection and diagnosis of leishmaniasis are essential to prevent the progression to

advanced, high-risk clinical stages and to reduce mortality in patients with leishmaniasis.
Traditionally, diagnosis involves microscopic examination of amastigotes in tissue aspirates
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from organs such as the spleen, lymph nodes, liver, and skin. Parasites can also be cultured from
these sites. However, this method is uncomfortable for patients, and isolating the parasite from
cultures is time-consuming, expensive, and technically challenging (Mugasa et al., 2010).

There are three main diagnostic approaches for leishmaniasis, each with varying degrees of
sensitivity and specificity:

2.2.5.1.1. Microscopic examination:

Microscopic examination is a considered as gold slandered tool for leishmaniasis, but it cannot
specifically identify the Leishmania species. For cutaneous leishmaniasis (CL), sensitivity
varies by region, ranging from approximately 50-70% for species in Africa, Asia, and Europe to
15-30% for species in the Americas. This method involves direct examination of stained lesion
material, but its sensitivity can be enhanced by combining it with polymerase chain reaction
(PCR). In tissue samples stained with Giemsa or hematoxylin and eosin, only the amastigote
stage of the parasite is visible.

For visceral leishmaniasis (VL), spleen aspirates offer the highest sensitivity. Lymph node, bone
marrow, or spleen aspirates are used to confirm Leishmania infection and identify the species
through molecular methods. While microscopic examination is valuable, combining it with
complementary techniques can improve diagnostic accuracy for this parasitic disease (Babiker
et al., 2007; Saab et al., 2015; Sandoval et al., 2018; Solano-Gallego et al., 2009; WHO, 2015;
Sousa et al., 2014).

2.2.5.1.2. In Vitro Cultivation of Leishmania:

An alternative method beyond direct examination involves using a portion of the biopsied
material for inoculation in a culture medium. Although rarely used in routine clinical practice,
this approach allows for the isolation and in vitro cultivation of the parasite, aiding in species
identification (Sundar, S.; & Rai, M, 2002)

2.2.5.1.3. Inoculation of Leishmania in Experimental Animals:

This method involves inoculating parasites obtained from patient samples into experimental
animals. For cutaneous leishmaniasis (CL), the inoculation sites include the footpad, nose, or
tail base of mice. For visceral leishmaniasis (VL), intravenous or intraperitoneal inoculation is
performed in mice or golden hamsters (Sundar, S.; & Rai, M, 2002).

2.2.5.1.4. Xenodiagnoses:

Xenodiagnoses is a diagnostic technique that finds illnesses in patients or hosts that are
mammals by using insect vectors, like sand flies, as a culture medium. This technique was more
recently used to diagnose patients with visceral leishmaniasis (VL) and post-kala-azar dermal
leishmaniasis (PKDL). It was initially created to be used in experimental leishmaniasis
diagnosis using mice infected with L. donovani as a model. Both direct and indirect strategies
are used in the process. It's interesting to note that Phlebotomus argentipes, a species of sand
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fly, is susceptible to infection by VL and specific types of PKDL. By employing this technique
to investigate the disease's transmission dynamics, researchers can stay away from utilizing
human subjects (Sadlova, J., et al., 2015).

Serological methods are noted for their sensitivity, specificity, and cost-effectiveness. Antibody-
based diagnosis, such as the rK39 strip test, is utilized globally in affected countries, although
it has the drawback of potentially yielding positive results in healthy individuals for extended
periods post-cure.

The rk39 dipstick and the Direct Agglutination Test (DAT) are widely used diagnostic tools for
leishmaniasis. DAT is a simple, affordable, and reliable semi-quantitative test that measures the
agglutination of Leishmania parasites with anti-leishmanial antibodies (Elmahallawy et al,
2014). It is suitable for both laboratory and field settings due to its ease of use and cost-
effectiveness. The test provides semi-quantitative results with antibody levels ranging from
1:100 to 1:51,200, and a positive cut-off value of 1:3,200 in endemic regions (Bern et al., 2000;
Chappuis et al., 2005; Srividya ef al., 2012).

These tests are instrumental in initiating treatment by enabling rapid diagnostic confirmation of
Visceral Leishmaniasis (VL) at peripheral health facilities with minimal laboratory
infrastructure. Recent studies in Kenya have demonstrated that the rK39 dipstick test has a high
sensitivity of 97% and a specificity of 100%. However, it is important to remember that
serological tests cannot differentiate between active and latent infections (Bern et al., 2000;
Chappuis et al., 2005).

Molecular methods offer even greater sensitivity and represent a powerful tool for early parasite
detection. Although many molecular diagnostic techniques have been successfully employed
for leishmaniasis diagnosis, their primary use remains within research laboratories due to the
need for skilled personnel. Implementing these methods in clinical settings and health facilities,
particularly in resource-limited and developing regions, is challenging due to the scarcity of
adequately trained personnel.

In a study comparing microscopy and culture methods to distinguish Leishmania species based
on internal transcribed spacers ITS-PCR, it was discovered that ITS-PCR is not only valid for
species identification but also has a high sensitivity and specificity (98.8% and 100%,
respectively) when compared to parasitological methods of diagnosing CL (79.6% and 86.2%
sensitivity respectively) (Shahbazi, F., et al., 2008).

2.2.5.1. Others Diagnostic Methods:

Western blotting method

The Western blotting method, though infrequently employed, involves transferring proteins onto
a nitrocellulose or nylon membrane following their separation by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). This technique is utilized in diagnosing both
cutaneous and visceral forms of leishmaniasis, specifically for detecting the Leishmania genus
(Reithinger & Dujardin, 2007).
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NFGT or the Aldehyde test

Napier’s Formal Gel Test involves mixing a small quantity of serum or plasma with a drop of
37% formaldehyde solution. Results are available within 20-30 minutes, with a positive
outcome indicated by rapid coagulation or precipitation. This test is used for detecting cutaneous
leishmaniasis, specifically identifying the Leishmania genus (Chappuis et al., 2005; Solano-
Gallego et al., 2009).

Montenegro test

The Leishmania skin test, also known as the Montenegro test, evaluates delayed-type
hypersensitivity by injecting 5 x 107 phenol-killed promastigotes into the forearm. The test
result is determined by measuring the induration that forms after 48 to 72 hours (Bern et al.,

2006).

The following table summarizes different methods used for leishmania diagnosis (adapted from
Reimao, J et al., 2020).

Table 2.2: Description of the primary techniques for CL and VL diagnosis.

Method Visceral Cutaneous Leishmaniasis
Leishmaniasis (VL) (CL)

Parasitological Methods

Microscopic examination (biopsy, punch, scraping, No Yes
smear, imprinting)

Bone marrow, lymph nodes, spleen aspirates, or liver Yes No
biopsy followed by microscopic examination

In vitro cultivation Yes Yes
Inoculation in animals (mice or hamsters) Yes Yes
Xenodiagnosis Yes No
Protein-based Methods

MLEE Yes Yes
Monoclonal antibodies Yes Yes
MALDI-TOF MS Yes Yes
KAtex Yes No
DNA-based Methods

PCR-RFLP Yes Yes
DNA sequencing Yes Yes
Real-time PCR Yes Yes
PCR-HRM Yes Yes
MLST Yes Yes
LAMP Yes Yes
Immunological-based Methods

Leishmania skin test No Yes (negative for DCL)
ELISA (rK39) Yes No
ELISA (other recombinant antigens) Yes Yes
IFAT Yes Yes
DAT Yes No
ICT (rK39) Yes No
Dipstick test [L. (L.) donovani promastigote antigens]  Yes No
Western blot Yes Yes
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2.2.6. Treatment of Leishmaniasis:

The treatment approach for leishmaniasis is determined by factors such as the causative species,
geographic location, disease severity, and type (CL, VL, ML, PKDL). Successful treatment
relies on the patient’s immune system. However, challenges like drug resistance and significant
side effects have emerged due to misuse, leading to the exploration of alternative treatments,
including the use of plants and herbs (Oliveira RMD et al., 2018). This form of treatment, known
as phytotherapy, is particularly important in developing countries with limited healthcare
resources, as it can enhance the immune system (Cragg et al., 2009; Jantan et al., 2015). For
instance, combining miltefosine with curcumin nanoparticles has been shown to improve
lymphocyte proliferation and macrophage phagocytic activity (Tiwari ef al., 2017).

2.2.6.1. Treatment of Cutaneous leishmaniasis (CL):

Topical medications, cryotherapy, thermotherapy, and intralesional injections are commonly
used to treat cutaneous leishmaniasis (CL). For the best outcomes, combining cryotherapy with
intralesional antimonials is recommended. Treatment strategies vary depending on the
Leishmania species and geographic location. For treating L. recidivans, options include
cryotherapy, paromomycin-based ointments, and intralesional antimonials. Systemic treatments
include oral fluconazole, ketoconazole, miltefosine, liposomal amphotericin B (LAMB),
pentavalent antimonials (with or without pentoxifylline), and pentamidine isethionate (WHO,
2015b).

2.2.6.2. Treatment of Mucocutaneous leishmaniasis:

For this form of leishmaniasis, systemic treatments include pentamidine isethionate, pentavalent
antimonials combined with pentoxifylline, and liposomal amphotericin B (LAMB) (WHO,
2015b).

2.2.6.3. Treatment of post-kala-azar dermal leishmaniasis:

The treatment approach for post-kala-azar dermal leishmaniasis (PKDL) varies by region. In
East Africa, most cases are self-healing and do not require intervention, whereas in the Indian
subcontinent, treatment is primarily administered for cosmetic purposes. The WHO
recommends miltefosine, amphotericin B deoxycholate, and liposomal amphotericin B (LAMB)
for patients in the Indian subcontinent. For East Africa, the recommended treatments include
pentavalent antimonials, LAMB, miltefosine, and combination therapy (pentavalent antimonials
with paromomycin), based on evidence grading (WHO, 2015b).

2.2.6.4. Treatment of Visceral leishmaniasis:

Pentavalent antimonials, once the standard treatment for visceral leishmaniasis (VL), have
become less effective in the Indian subcontinent due to emerging resistance. In East Africa, these
antimonials are still used alongside LAMB and paromomycin, with LAMB preferred for severe
cases and vulnerable patients. In Asia, sodium stibogluconate remains the primary treatment for
Leishmania infantum and Leishmania donovani. The WHQO's initial recommendation of LAMB
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for the Indian subcontinent has evolved to include various drug combinations to address
resistance issues (Balasegaram et al., 2012; Buraz S et al., 2018).

Treatment of CL in Palestine is available exclusively and free of charge by the PMoH. This
include intramuscular pentavalent antimonial sodium stibogluconate (Pentostam) (10-20 mg/kg
body weight) daily for 10-20 days (Amro et al., 2022).

2.2.7. Risk Factors:

Environmental factors, socioeconomic conditions, and demographic characteristics have a
substantial impact on human health, particularly concerning vector-borne diseases such as
leishmaniasis (Oryan & Akbari, 2016). Borges, M. S, et al., (2022). The factors associated with
the expansion of leishmaniasis in urban areas are interrelated, including socioenvironmental and
economic complexity, the type of leishmaniasis, the reservoirs, vectors, deforestation, disorderly
occupation of space, poor sanitary conditions, and human migration trends. Key risk factors for
leishmaniais include:

Socio-demographic/economic factors:

The likelihood ratio or chance of contracting leishmaniasis is going in parallel manner with
poverty situation of people. Poor and inadequate residential and hygiene conditions, such as
lacking or insufficient or poor waste disposal or exposed (i.e., opened) sewage systems can lead
to more breeding and resting places (suitable environment) for existence and reproduction of
sandflies, as well as greater human exposure. Furthermore, crowded houses with more family
members give more opportunities to sandflies to bite people and feed on their blood due to their
behavior such as sleeping outdoor in open air environment or laying on the ground (earth) also
leading to increase the likelihood of people to get leishmaniasis infection.

Studies indicate that VL is prevalent among poorer populations, with 83% of cases in India
affecting the poorest 40% (Boelaert et al., 2009; Pascual Martinez et al., 2012). Similarly, VL
is more common among the impoverished in Kenya and other regions (Argaw et al., 2013;
Kolaczinski et al., 2008; Okwor & Uzonna, 2016; Uranw et al., 2013). Poverty also remains a
key factor in leishmaniasis spread, as evidenced by Hakkour et al. (2020), who highlighted its
impact alongside proximity to endemic areas in Morocco. Amane M. et al. (2022) in a case-
control study in Morocco found that socioeconomic factors such as poverty and rural habitation
contribute significantly to the risk of cutaneous leishmaniasis (CL). Avar et al., (2006) found
that increasing in CL prevalence is linked to poverty. Mandal PK, et al (2019), EI Alem MMM,
et al., (2018) and Oryan A et al (2016) found that poverty could be the main determinant of the
transmission of leishmaniasis, especially its visceral form, as well as the cutaneous form.

Indoor and Surrounding Factors:
Indoor and surrounding conditions significantly affect leishmaniasis risk. Living near ant hills,
acacia trees, and specific vegetation increases human contact with sandflies. Poor housing

conditions, such as those found in dilapidated and thatched structures, are associated with higher
VL prevalence (Bern et al., 2010). Factors like damp floors and cracks in homes, as well as pet
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ownership, are linked to increased risk (Bern et al., 2000). Ocampo et al. (2012) identified that
areas with higher disease transmission rates often have more forested regions and shade-grown
coffee, which attract sandflies. Yared et al. (2014) found that living in houses with shattered
walls and spending more time in agricultural fields are associated with higher VL risk.
Improvements in housing and the use of bed nets can mitigate these risks. Poor housing and
inadequate waste management create favorable conditions for sandfly breeding, increasing
disease risk. Overcrowded and unsanitary living conditions, particularly in impoverished areas,
exacerbate the problem. In Turkana County, for instance, rapid urban growth has worsened
living conditions, contributing to higher rates of visceral leishmaniasis (VL) (Desjeux, 2004;
Hasker et al., 2012)

Malnutrition and Co-morbidity:

Shortage in food both quantity and quality and nutritional habits and behaviors can play a crucial
role in the management and outcome of several diseases including Leishmaniasis. Malnutrition
can exacerbate the severity of the infection and affect the body’s ability to fight off the disease.
This malnutrition or inadequate nutrition is characterized by insufficient intake of protein-
energy, iron, vitamin A, and Zinc intake elevates the likelihood that an infection will develop
into advanced severity stage of illness. Factors such as malnutrition, displacement, poor housing
conditions, weakened immunity, and low socioeconomic status are linked to the disease (WHO,
2020). Malnutrition and co-morbid conditions exacerbate leishmaniasis severity. Protein-energy
malnutrition and deficiencies in iron and vitamin A are linked to severe VL (Daher et al., 2017;
Ready, 2014b). Malnutrition impairs the immune system, increasing disease severity (Cerf et
al., 1987). Intestinal parasites, which contribute to poor nutritional status, are also associated
with severe VL (Jardim-Botelho et al., 2008; Mengesha et al., 2014).

Human Behavioral Factors:

Human behaviors, such as outdoor sleeping and proximity to animals, influence leishmaniasis
risk. In Uganda, low income, proximity to animal pens, and mosquito net ownership were
identified as factors affecting VL risk (Kolaczinski et al., 2008). Seasonal and migratory
patterns contribute to disease spread (Sharma & Singh, 2008). Studies from Shaanxi and Shanxi,
China, highlight the impact of environmental, meteorological, and socioeconomic factors on VL
prevalence (Zhao et al., 2021). War and socio-conflict also exacerbate leishmaniasis (Oryan &
Akbari, 2016c). Behavioral patterns, including outdoor sleeping and migration, are significant
risk factors. A case-control study examined 62 cases treated at healthcare facilities and 248
randomly selected controls from the same villages. Identified risk factors included residing in
thatched houses, sleeping on the ground floor, owning animals, relocating to specific areas, and
being within 50 meters of known VL cases. Education was found to offer protection against VL,
and socioeconomic status demonstrated a clear dose-response relationship, with the odds of VL
decreasing as socioeconomic status improved. The study highlights the need to enhance
surveillance, awareness programs, and conduct further comprehensive research on risk factors,
vectors, and control strategies for VL (Mandal et al., 2020). In Ethiopia's highlands, outdoor
sleeping and activities elevate the risk of infection (Custodio et al., 2012), with men being
particularly vulnerable due to their involvement in agricultural work (Malaria Consortium,
2010).
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Livestock, Individual Movement, and Political Factors:

Livestock movement and individual migration patterns impact leishmaniasis spread. Seasonal
migrations and herding activities, as observed in Ethiopia, influence VL risk (Gebremichael
Tedla et al., 2018). In Europe, the movement of people and animals from endemic regions has
contributed to VL resurgence (Ready, 2010). In Iraqg, environmental, human behavioral, and
vector dynamics factors affect VL epidemiology, emphasizing the need for advanced diagnostic
techniques and targeted control measures (Jarallah et al., 2022). Amro A., et al., (2009) found
that VL increased among people who had domestic dogs and/or other animals (OR 2.4; 95% CI
1.19-4.68; P=0.017). Araujo AR, et al., (2016) and Amane M. et al. (2022) identified that the
presence of livestock and the placement of companion animals in close proximity to habitants
increase the risk of ACL. This is consistent with previous investigation that confirms an
association between cutaneous leishmaniasis and keeping animals at home and in peri-domestic
area.

Epidemics and outbreaks of leishmaniasis often occur when a large number of non-immune
individuals relocate or travel to regions with a high rate of infection and the transmission
opportunities. EI Miri H, et al., (2016) noticed that the movement of people from rural to urban
area, where housing conditions are unfavorable, contributes to the emergence of the disease.
The incidence of leishmaniasis has risen in the recent years. The numbers are anticipated to keep
rising due to increasing human mobility, including travel and forced migration, growing
reservoir host populations as well as expansion and dispersal of vector species caused by climate
and habitat changes, urbanization and globalization (Riebenbauer, K., etal., 2024). The increase
in CL is associated with poverty and migration caused by war (Ozaras et al., 2016; Raad et al.,
2018).

In Palestine there are several factors contributing to the increasing CL incidence. These include
human immigration to endemic areas, urbanization and agricultural activities, land use, and
climatic and environmental conditions. However, migration of CL cases in Palestine is not easy
to predict and was not quantified (Amro, A., et al., 2022).

Environmental factors and climate change:

Environmental and climatic changes significantly influence the prevalence of leishmaniasis,
with the disease often occurring in rural areas but also emerging at the edges of urban centers.
Environmental shifts and climate change can facilitate the spread of sandfly vectors, potentially
broadening the disease’s global reach. Urban expansion, deforestation, and human intrusion into
forested areas further contribute to the rise in leishmaniasis cases. Climatic factors like
temperature fluctuations and changes in precipitation patterns can alter sandfly populations,
increasing the disease's prevalence. Extreme weather events, such as droughts, famines, and
floods, can force human migration to regions with higher parasite transmission rates. Specific
climatic conditions, such as temperature, humidity, and rainfall, are crucial in determining the
prevalence of leishmaniasis (Short et al., 2017). For instance, in Bam County, leishmaniasis is
found in both urban and rural areas with particular climatic conditions (Ghatee et al., 2023). A
1°C increase in air temperature was linked to more VL cases in Montenegro (Medenica et al.,
2023). Climate change, including global warming and land degradation, affects vector
distribution and leishmaniasis transmission (Asfaram et al., 2017). In Colombia, climate
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variations significantly influenced leishmaniasis rates (Cardenas et al., 2006), and warmer
climates and specific rainfall patterns were associated with higher VL incidence in India and
Bangladesh (Abdullah & Al-Moslih, 2005; Hasker et al., 2012).

The presence of toilets, water pipes and, consequently, a sewage disposal system reduces the
incidence of leishmaniasis (Araujo AR, et al., 2016). Indeed, housing conditions and domestic
hygiene are major determinants in the spread of VL (Oryan A, Akbari M., 2016) and cutaneous
leishmaniasis (Bamorovat M, et al., 2018), as they may increase the breeding and rest biotopes
of sand flies, as well as their access to humans. Improved housing conditions and personal
protection efforts by the poor have the potential to reduce the incidence of visceral leishmaniasis
(Mandal PK, et al., 2019).

2.2.8. Control and Prevention:

Effective and successful management of VL can be realized by implementing strategies to
reduce human-vector interaction, as suggested by Sharma & Singh (2008). These strategies
include:

- Utilizing bed nets treated with insecticides such as permethrin (used by the Palestinian
ministry of health), lambda-cyhalothrin, and deltamethrin to create a protective barrier
(Bongiorno et al., 2005).

- Indoor residual spraying (IRS) involves the community in spraying the inside walls of
homes with suitable insecticides in both domestic and surrounding areas.

Personal protection measures:

- Indoors (inside house): Installing fine-mesh screens on windows and doors, using
curtains treated with insecticides, mosquito coils, and burning leaves known to repel
sandflies.

- Outdoors (outside house): Applying skin or clothing repellents like diethyltoluamide and
wearing protective clothing such as long-sleeved shirts, trousers, boots, and hats,
especially in areas where VL is prevalent (Asfaram et al., 2017).

Modifying the physical environment to disturb the habitats conductive to the breeding and
proliferation of vectors and parasites. This includes sealing gaps in the structure of homes and
managing vegetation and debris around living spaces to minimize sandfly habitats.

Destroying potential breeding sites near homes, such as animal burrows and unused termite
mounds (Cardenas et al., 2006), and promoting health education among local health workers
and the community.

Regular vaccination and examination of wildlife and domestic animals, which serve as reservoir
hosts for the disease to prevent zoonotic transmission of leishmaniasis (Cardenas et al., 2006).

In Palestine, the responsibility for epidemiological surveillance and monitoring of leishmaniasis
cases falls under the Palestinian Ministry of Health, specifically the Department of Preventive
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Medicine and the Department of Environmental Health. The Department of Preventive
Medicine, through its preventive medicine sections distributed across all governorates, receives
potential cases, conducts examinations, and collects samples for laboratory testing to confirm
the infection. Once the infection is confirmed, medical treatment is promptly initiated.

On the other hand, the responsibility of the Department of Environmental Health, through its
environmental health sections spread across all governorates, is to follow up on cases referred
by the Department of Preventive Medicine after confirmation. Environmental health officers
visit these cases at their residences to assess the home environment and surrounding areas,
searching for potential sources, reservoirs, and breeding grounds for the vector, the sandfly.
They then engage in environmental control efforts with the family, such as cleaning any unclean
areas, followed by chemical control using insecticides.

Annually, the Department of Environmental Health, through its sections in all governorates,
conducts three insecticide spraying campaigns in collaboration with municipalities and local
councils. These campaigns target homes with confirmed cases and their surroundings, as well
as active hotspots. Additionally, the department implements awareness and education
campaigns about the disease, its causes, and transmission methods in collaboration with
municipalities, schools, associations, and clubs (Ministry of Health (MOH), Preventive
medicine and Environmental Health Departments, 2023 (personal communication)).

2.2.9. Leishmaniasis in Palestine:

The Ministry of Health’s annual report states that the CL occurrence rate (the average annual
incidence rate (AAIR)) was 1.16 cases per 10° population in the whole Palestine and 2.02 cases
/10° population in West Bank, while the incidence rate of VL (the average annual incidence rate
(AAIR)) was 0.02 cases per 10°in Palestine and 0.04 cases per 10° in West Bank (Ministry of
Health (MOH), 2022). There was a fluctuation in the incidence of both CL and VL in Palestine
during last 7 years, but it seems that the incidence is declined overtime (Table 2.3) (Ministry of
Health (MOH), Preventive medicine and Environmental Health Departments, 2023 (personal
communication)).

Table 2.3: Fluctuation in the incidence rate /100,000 of CL and VL over the period between
2015-2022 (Ministry of Health, 2023) *

Year 2015-2016  2016-2017 2017-2018 2018-2019 2019-2020 2020-2021 2021-2022

WB PAL WB PAL WB PAL WB PAL WB PAL WB PAL WB PAL
CL 13,5 83 8.3 4.9 10.6 6.1 7.5 4.4 6.2 3.6 23 1.3 1.16  2.02
VL 0.14 0.09 o0.11 0.07 0.12 0.07 027 0.15 0.19 0.11 0.07 0.04 002 0.04

*No data available for period of 2010-2014
PAL: Palestine, WB: West Bank, CL: Cutaneous Leishmaniasis, VL: visceral Leishmaniasis
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In the West Bank, CL accounted of approximately 1.9% of all parasitic infections in Palestine,
primarily caused by L. tropica and L. major. Between 2008 and 2017, there were 2.672 reported
cases of CL and 40 cases of VL across various districts. The highest incidences were recorded
in the district of Jericho, Tubas, Jenin, and Hebron as detailed in the accompanying table

Table 2.4: Total number of CL and VL cases over the period between 2008-2017*

District CL VL
Bethlehem 191 1
Hebron 228 19
Jenin 462 2
Jericho 603 0
Jerusalem 43 0
Nablus 218 2
Qalgelia 136 0
Salfit 107 2
Ramallah 87 11
Tubas 503 0
Tulkarem 94 3
Total 2672 40

* MOH, Environmental Health and preventive medicine Department, 2023(personal communication))

The data in Table (2.5) below shows a general decline in the number of new Cutaneous
Leishmaniasis (CL) cases across various districts in Palestine from 2015 to 2022, with total
cases dropping from 387 in 2015 to 85 in 2022. Notably, districts like Jericho and Tubas
experienced significant spikes early on but saw substantial decreases in subsequent years. While
Hebron displayed relatively stable numbers with minor fluctuations, other districts, including
Bethlehem, Jenin, and Nablus, reported marked reductions over time. Despite the overall
decline, some districts showed a slight resurgence in cases in the later years, indicating the need
for sustained public health efforts to maintain control over the disease (MoH annual reports,
2016, 2017, 2018, 2019, 2020, 2021, 2022, 2023).
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Table 2.5: Number of CL Lisheminiasis new cases according to year of infection *

District 2015 2016 2917 2018 2019 2020 2021 2022
Bethlehem 11 6 6 12 1 0 9 3
Hebron 32 30 33 12 13 16 19 23
Jenin 36 16 43 16 5 2 0 1
Jericho 71 92 51 27 11 4 12 20
Jerusalem 6 6 2 1 2 0 5 5
Nablus 33 13 22 21 18 3 3 9
Qalgelia 20 9 15 24 4 2 1 2
Salfit 20 1 14 4 6 2 2 0
Ramallah 12 9 10 2 7 2 0 3
Tubas 110 27 67 30 13 3 12 16
Tulkarem 36 12 10 8 2 0 3 3
Total 387 221 273 175 101 54 87 85

*MOH annual reports

Amro et al., (2009) found that the three Leishmania species; L. tropica and L. major are
responsible for CL, while L. infantum is associated with VL, and leishmaniasis in dogs. are
existed in the West Bank. It was found that VL is existing in the western villages of the West
Bank near the VL endemic Zones of Israel (no data from Gaza Strip). However, there is a
significant gap in data regarding CL caused by L. tropica in Palestine.

Leishmaniasis was prevalent in all Palestinian regions except Gaza in 2003, with over 10 cases
per 100,000 in the West Bank (Ministry of Health-PHIC, 2004). In Jerusalem and surrounding
areas, CL incidence rose from 0.13 (1999-2003) to 9.7 (2004-2005) per 100,000 (Singer et al.,
2008). Tiberias district reported the highest rate of 62.5 per 100,000 (Vinitsky et al., 2010).
Jenin district saw numerous CL cases caused by L. tropica, averaging 23.0 per 100,000 annually
between 2002 and 2000 (Azmi et al., 2017).

The Palestinian ministry of health has documented three main significant outbreaks of
leishmaniasis. Reports indicated that in 1996, there were 150 recorded infections; by 2004, the
figure had surged to over 250; and in 2015 the cases rose to approximately 380 (Fig. 2.10).
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Total number of leishmania patients registered in Palestine from 1994 to 2015

Figure 2.11: Total number of leishmaniasis patients registered in Palestine from 1994 to 2015
(Amro, 2017)
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It was reported that the total VL cases was 340 in Palestinian population in West Bank (no data
from Gaza) with annual incidence rate of 0.73 case/100.000 individuals during the period 1990-
2017.

2.10 Conclusion remarks

Leishmaniasis remains a significant public health concern in Palestine, characterized by the
presence of both cutaneous leishmaniasis (CL) and visceral leishmaniasis (VL). The
epidemiological landscape of these diseases varies across the West Bank and Gaza Strip,
influenced by environmental, climatic, and socio-political factors. Over the past three decades,
multiple studies have been conducted to understand the distribution, incidence, and future
projections of leishmaniasis in the region, providing valuable insights for public health
interventions.

Cutaneous leishmaniasis (CL) has been particularly prevalent in several regions of the West
Bank, with a notable concentration of cases in Jenin, Jericho, and Tubas. A comprehensive study
conducted by Amro et al.,, (2022) examined the eco-epidemiological parameters and
spatiotemporal projections of CL in Palestine over a 30-year period, from 1990 to 2020. The
study reported a total of 5,855 cases during this period, with an average annual incidence rate
(AAIR) of 18.5 cases per 100,000 population. The highest number of cases was recorded in
Jenin (29%), followed by Jericho (25%) and Tubas (12%), with no cases reported in the Gaza
Strip. The study also identified Leishmania tropica as the predominant causative agent, with
Phlebotomus sergenti as the main vector. Future projections suggest an increasing incidence of
CL in the northwestern parts of the West Bank and the potential emergence of new endemic foci
in the Gaza Strip, driven by changes in climate.

Another significant study by Azmi et al., (2012) focused on the CL situation in Jenin District
between 2002 and 2009, where 466 cases were reported. This study confirmed the predominance
of Leishmania tropica and highlighted the role of Phlebotomus sergenti as the vector. The
findings also suggested that CL in Jenin is a zoonotic infection, although an animal reservoir
has yet to be identified. Similarly, research conducted by Al-Jawabreh et al., (2004) in Jericho
revealed a high prevalence of both Leishmania tropica and Leishmania major among the
population, with the study being the first to identify L. tropica in the Jericho area on a large
scale.

Visceral leishmaniasis (VL), while less widespread than CL, remains a persistent health issue,
particularly among children in the West Bank. A study by Amro et al., (2009) documented 76
cases of VL in the Hebron district between 1993 and 2007, all of which affected children under
nine years old. The causative agent was identified as Leishmania infantum, with Phlebotomus
syriacus and Phlebotomus tobbi recognized as the main vectors. The study also highlighted a
high seropositivity rate among children in households with previous VL cases and among those
living in close proximity to domestic dogs. Further research by Ahmad A. (2020) expanded the
understanding of VL in Palestine by analyzing its spatiotemporal patterns over a 27-year period.
This study found that VL predominantly affected the western parts of the West Bank, with future
projections indicating a possible disappearance of VL endemic foci in most regions, except for
the very northwest of the West Bank.
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In addition to these specific studies on CL and VL, a broader analysis by Hamarsheh and Amro
A. (2020) provided an overview of parasitic infections in Palestine from 2008 to 2017, including
leishmaniasis. This study reported a total of 137,106 cases of parasitic infections, with a higher
burden in the Gaza Strip (67%) compared to the West Bank (33%). The authors emphasized the
need for targeted control measures and public health education to reduce the incidence and
burden of parasitic infections, including leishmaniasis, in Palestine.

These studies collectively highlight the ongoing challenges posed by leishmaniasis in Palestine,
with significant regional variability in disease distribution and future risks. The findings
underscore the importance of continuous surveillance, vector control efforts, and public
awareness campaigns to mitigate the impact of leishmaniasis on the Palestinian population.
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CHAPTER THREE: METHEDOLOGY

In this chapter the researcher will present methodologies that have been followed in order to
complete this study. Starting from preparing till gathering needed data and analyzing them
leading to findings and recommendations

3.1 Study area

This study was conducted among all public health departments / the preventive medicine
division in southern parts of West Bank (Hebron and Bethlehem Governorate).

3.1.1. Hebron Governorate:

Covering an area of 1,060 square kilometers (410 sg. mi) as shown in figure 3.1, the Hebron
Governorate is the most expansive and populous of the 16 governorates within the state of
Palestine, with an estimated population of 884830 inhabitants. It encompasses 7 cities and 18
towns (Palestinian Central Bureau of Statistics (PCBS), 2021).

3.1.2. Bethlehem Governorate:

The Bethlehem Governorate, which is one of Palestine’s 16 administrative divisions,
encompasses a segment of the West Bank located to the south of Jerusalem. It spans
approximately 660 km2, as indicated in Fig. (3.2). This governorate is composed of 10
municipalities, 3 refugee camps, and 58 localities. The estimated population was 259615
(PCBS, 2021).
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Figure 3.1: Map of Hebron District, West Bank
Source: https.//www. ochaopt. org/atlas2019/wbclosure. html
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Figure 3.2: Map of Bethlehem District, West Bank
Source: https.//www.ochaopt. org/atlas2019/wbclosure. html

3.2. Study design

To address the research question, a case-control study design (Fig. 3.3) was employed. Because
case-control studies are effective for rare diseases, cost-effective, can examine multiple risk
factors, helpful in generating hypotheses, time-efficient, and allow for confounding variable
control, they are particularly well-suited to investigate the impact of social and environmental
determinants on leishmaniasis occurrence. By matching cases and controls based on
confounding characteristics (such as age or gender), case-control studies can be used to isolate
the impact of particular social and environmental factors on the risk of contracting
leishmaniasis. These characteristics make it an effective tool for understanding the complex
picture stands behind leishmaniasis occurrence in a particular population.

While case-control studies are especially well-suited for studying rare diseases such as
leishmaniasis, other study designs, such as cohort studies, have significant disadvantages such
as being costly and time-consuming because long-term follow-up is required to detect disease
development, particularly in the case of uncommon conditions like leishmaniasis.

Observing sufficient cases requires a large sample size, which might lead to additional expenses
and practical difficulties. Furthermore, bias may be introduced by loss to follow-up if study
dropouts differ from study participants. Confounding variables are a problem for cohort studies
as well because over time, unidentified or unknown factors may affect the results
(https://www.ajodo.org/article/S0889-5406(14)00542-3/fulltext).
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Figure 3.3: Study Design (Prepared by Researcher)

3.3 Inclusion and Exclusion Criteria

All patients who diagnosed and registered at the preventive medicine divisions/ ministry of
health in both governorates were included in this study. Individuals who could not be in their
village, had passed away, or were unreachable by telephone due to different reasons were not
recruited in this study. The study did not put any age limits.

Disease free persons from the same patients’ families living and staying in the same house and
neighborhoods during the period of infection and at least for one year later.

3.4 Study population

Both populations of both Hebron and Bethlehem Governorates formed the population of this
study included all registered patients for cases. The total registered cases in the preventive
medicine department for both Hebron and Bethlehem districts was 402 cases (accumulated cases
since 2010 (MOH, data register, 2024)).

3.5 Sample size

The sample for cases had been selected from the study population (402 registered cases)
randomly (convenience sample) based on a model proposed by Yamane, (1967), which shows
the following relationship.
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n =N/ (1+Ne?)
Where,
N = population size which is 402
n = sample size
e = confidence interval (0.05)

n =N/ (1+Ne?)

n = 402/ [1+402(0.05)?]

n = 402/ (1+402(0.0025))

n =402/ (1+402(0.0025)
n = 402/2.005

n =200.49
n = 200 respondents.

So, the sample size for cases required was 200 cases from both governorates. For controls, the
study adopted the individual matching way (2 controls per one case). Matching increases the
efficiency of the estimates if the matching variables are associated with both the disease and
the exposure. Mixed matching ratios (meaning that, for example, some pairs are matched in a
ratio of 1:2, between exposed and unexposed people) will not cause bias if matching variables
or matched sets are adjusted for in the analysis (lwagami, M., & Shinozaki, T. (2022); Hennessy
et al.,1999).

Preventive Medicine -
Dept. Hebron Total I::>
Cates — Preventive Medicine ik
Dept. Bethlehem I l -
Controls M)

Total Total
e

Figure 3.4: The proposed sample selection process (prepared by researcher

Therefore, the required number of participants (cases) for this study was 200 respondents. We
intended to include all registered cases in the study, but due to different reasons mainly related
to not reachable and availability we reached only to 207 cases (138 from Hebron and 69 from
Bethlehem). For these 207 cases we included 414 as controls, So the final sample size was 621
participants (414 (66.7%) controls vs. 207 (33.3%) cases).
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3.6 Data Collection

3.6.1. Questionnaire:

All information and data needed to answer the research questions and achieve the research
objectives were gathered by a semi-structured questionnaire (Appendix 1). The questionnaire
was adopted from previous studies (Wijerathna, T., et al., (2020; Oliveira, C. D., et al., (2006);
Cerbino Neto J et al., 2009). after applying some modifications to be suitable for the local
context. The original copy of the questionnaire included questions in both English and Arabic.
The questionnaire consisted of different sections as follows:

Section one: includes socio-demographic and personal information (i.e., district, age, sex,
marital status, education, main occupation, residence place, monthly income, and travel to
endemic area)

Section two: includes environmental factors and indoor characteristics.

Section three: includes knowledge about leishmaniasis.

Section four: includes behavioral characteristics and prevention measures.

rT Education
House Surroundings Natural Environment Marital
Status
. Caves, cervices, stone
Decaying Garbage fences, agricultural Occupation
area
Dependent
) Monthl
Unclear areas T Variable in::m\'
e T {Leishmaniasis)
Gardeni .
ardening areas Rainfall Residency
Water streams
Temperature Type of house
(tent/built)

Figure 3.5: conceptual framework (Independent and dependent variables model) (prepared by
researcher).

3.6.2. Validity of the questionnaire:

Validity of the questionnaire (internal consistency) was obtained through the study proposal
defense session, (i.e., comments and suggestions came by the examiners). In addition,
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questionnaire was reviewed by the supervisor and some modifications were adopted to be
suitable for the Palestinian context.

The statistical validity of the questionnaire was assessed using Pearson's correlation test, which
measured the correlation between the items of the questionnaire. The results indicated that the
correlations were statistically significant, ranging from r=0.131 (p = 0.001) to r=0.538 (p =
0.000).

3.6.3 Piloting:

The questionnaire was piloted with 10 patients, in order to test it. These 10 patients were not
included in the real study. Some questions or items were modified mainly related to type of
house and staying place items.

3.7 Data collection procedure (fieldwork)

3.7.1. Ethical approval of the study:

All personal information of patients were anonymized. Permissions for conducting this study
was obtained from the Ministry of Health (MOH) (Appendix 2) and the health department in
each district in order to assess the patients’ files and to get their contact information.

Consent form (Appendix 3) was signed by the participants showing the importance of the study,
security and confidentiality of collected data and voluntary participation right of the participants.

Study design, research tools, and procedures had been approved by the ethical committee at Al-
Quds University/Faculty of Public Health (Appendix 4).

3.7.2. Fieldwork:

Data on patients were collected from the Ministry of Health's Preventive Medicine Department.
However, contacting patients proved challenging because many provided phone numbers were
on Israeli networks, with some numbers being disconnected. As a result, the researcher and hired
assistants visited the patients' homes after attempting phone contact to request interviews.
Control subjects were selected from the same areas as the patients and were also asked to
participate in interviews.

3.8 Data Analysis

Different statistical tests were used to analyze data including: descriptive analysis to explore
distribution, frequencies, and percentages of participants and studied variables. Binary and
multivariate regression and Chi-2 tests were used to assess and examine the association and
relationship of variables to each other (pearson correlation and Odds Ratio (OR)). Statistical
significance was at p < 0.05. Data treated and analyzed by using the Statistical Package for
Social Sciences (SPSS IBM Statistics v.26).
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CHAPTER FOUR: RESULTS

In this chapter, the researcher will present results and findings as outcomes of the study in
relation to study questions and objectives.

4.1 The socio-demographic characteristics of the study sample
The following Table (4.1) presents description of the variables related to the study sample.

Table 4.1: Socio-demographic variables of cases and controls

CONTROL CASE Total

N (%) * N (%) N (%)
District
Hebron 276 (44.4) 138 (22.2) 414 (66.7)
Bethlehem 138 (22.2) 69 (11.1) 207 (33.3)
Categories of age
<15 years 166 (26.7) 83 (13.4) 249 (40.1)
15-30 years 144 (23.2) 72 (11.6) 216 (34.8)
31-45 years 68 (11.0) 34 (5.5) 102 (16.4)
46-60 years 28 (4.5) 14 (2.3) 42 (6.8)
> 60 years 8(1.3) 4(0.6) 12 (1.9)
Gender
Male 279 (44.9) 149 (24.0) 428 (68.9)
Female 135 (21.7) 58 (30.1) 193 31.1)
Marital Status
Married 189 (30.4) 77 (12.4) 266 (42.8)
Single 225 (36.2) 130 (20.9) 355(57.2)
Education
Basic school 322 (51.9) 196 (31.6) 518 (83.4)
University and college 79 (12.7) 11 (1.8) 90 (14.5)
Higher education 13 (2.1) 0.0 13 (2.1)
Main Occupation
Farmer 24 (3.9) 59 (9.5) 83 (13.4)
Governmental servant 60 (9.7) 7(1.1) 67 (10.8)
Laborer 187 (30.1) 46 (7.4) 233 (37.5)
Private sector employee 137 (22.1) 4(0.6) 141 (22.7)
Self-employee 2(0.3) 4(0.6) 6(1.0)
Household 2(0.3) 14 (2.3) 16 (2.6)
Student 2(0.3) 73 (11.8) 75 (12.1)
Residency place
Rural area 414 (66.6) 187 (30.2) 601 (96.8)
Urban area 0.0 (0.0) 20(3.2) 20 (3.2)
Monthly income
<1880 ILS 273 (44.0) 33(5.3) 306 (49.3)
1880-4000 ILS 129 (20.8) 170 (27.4) 299 (48.1)
4001-6000 ILS 12 (1.9) 4(0.6) 16 (2.6)
Travel to endemic area
Yes 274 (44.1) 59 (9.5) 333 (53.6)
No 140 (22.5) 148 (23.8) 288 (46.4)
Total 414 207 621

*9% = number/621
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Table (4.1) provides a detailed comparison of socio-demographic variables between cases and
controls. The majority of participants resided in the Hebron district, representing 66.7% of the
total sample, with a higher proportion among controls (44.4%) compared to cases (22.2%). Age
distribution shows that younger individuals (< 15 years) were the most represented across both
groups, accounting for 40.1% of the total, with 26.7% among controls and 13.4% among cases.
Gender distribution indicates a predominance of males, who comprised 68.9% of the total
sample. In terms of marital status, single participants were the largest group, making up 57.2%
of the total. Education level shows that the majority had only basic schooling, especially among
controls (51.9%). Occupational data reveals that laborers were the most common occupation
among controls (30.1%), while a significant portion of cases were students (11.8%). Residency
data highlights that almost all participants lived in rural areas, with very few from urban areas.
Monthly income was generally low, with nearly half of the participants earning 1880 ILS or
less. Finally, a notable portion of participants, particularly among controls (44.1%), reported
traveling to endemic areas.

4.2 Distribution of Leishmaniasis by different factors
4.2.1. Frequency of Leishmaniasis by residence area:

Table 4.2: Distribution of leishmaniasis cases and controls among study sample by residence
areas.

Residence area Participants Total
Control Case

Dura 20 (4.8%) 10 (4.8%) 30 (4.8%)
Bani Na'im 54 (13.0%) 27 (13.0%) 81 (13.0%)
Taffuh 2 (0.5%) 1(0.5%) 3(0.5%)
Tarqumiya 4 (1.0%) 2 (1.0%) 6 (1.0%)
Idhna 4 (1.0%) 2 (1.0%) 6 (1.0%)
Yatta 136 (32.9%) 68 (32.9%) 204 (32.9%)
Sa'ir 18 (4.3%) 9 (4.3%) 27 (4.3%)
Za'tara 14 (3.4%) 7 (3.4%) 21 (3.4%)
Halhul 2 (0.5%) 1(0.5%) 3 (0.5%)
Ar thlya 4 (1.0%) 2 (1.0%) 6 (1.0%)
Adh Dhahiriya 14 (3.4%) 7 (3.4%) 21 (3.4%)
Bethlehem 6 (1.4%) 3 (1.4%) 9 (1.4%)
Hebron 10 (2.4%) 5(2.4%) 15 (2.4%)
A’rab ar Rashayida 114 (27.5%) 57 (27.5%) 171 (27.5%)
As Samu' 8 (1.9%) 4(1.9%) 12 (1.9%)
Surif 4 (1.0%) 2 (1.0%) 6 (1.0%)
Total 414 (66.7%) | 207 (33.3%) 621 (100.0%)

As mentioned in Table (4.2) residency data indicates that almost all participants lived in rural
areas (96.8%) and (90.3%) out of the toral cases. The distribution presented in Table (4.1) is
based on the results of the surveys conducted in the study and does not necessarily imply that
there are no cases of leishmaniasis in other localities within Hebron Governorate, which
comprises 97 communities, or Bethlehem Governorate, which includes 50 communities (PCBS
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website). The data reflects the specific areas covered by the surveys and should not be
interpreted as an exhaustive representation of all affected regions within these governorates.
Table (4.2) illustrates the frequency of leishmaniasis cases and controls distributed by residence
areas. The data reveals that the highest proportion of participants, both cases and controls,
resided in Yatta, constituting 32.9% of the total sample. This is followed by participants from
A’rab ar Rashayida, making up 27.5%. Bani Na'im also had a notable representation with 13.0%
of participants. In contrast, areas like Taffuh, Halhul, and others had very low representation,
each contributing 0.5% or 1.0% to the total sample. The distribution of cases and controls across
the residence areas is consistent, with each area showing equal percentages for both groups. This
uniformity suggests that the residence area may not be a significant differentiator between cases
and controls in this sample.

4.2.2. Frequency of Leishmaniasis by Site of infection:

Table 4.3: Frequency of Site of infection in the body of Leishmaniasis patients (n=207)

Site of infection Total Male Female
Hands 123 (59.4) 90 (43.4) 33 (15.9)
Legs 39 (18.8) 30 (14.4) 9(4.3)
Neck 20 (9.7) 12 (5.7) 8 (3.8)
Face (below eyes and around mouth) 25 (12.1) 17 (8.2) 8 (3.8)
Total 207 149 58

Table (4.3) presents the distribution of leishmaniasis infection sites in the body among 207
patients, segmented by gender. The majority of patients were infected in their hands, affecting
59.4% of the patients. This includes 43.4% of males and 15.9% of females. The legs are the
second most common site, with 18.8% of patients affected, comprising 14.4% of males and
4.3% of females. The neck is affected in 9.7% of the patients, with 5.7% being males and 3.8%
females. Lastly, the face (specifically below the eyes and around the mouth) accounts for 12.1%
of infections, with 8.2% in males and 3.8% in females.
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Figure 4.1: Distribution of Leishmaniasis infection sites by gender
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Figure (4.2): Source of Infection

The Graph (4.2) presents the distribution of leishmaniasis cases based on patients’ responses to
question about where you do you think got this infection. The majority of cases, accounting for
29.9%, were reported from the Za'tara, A’rab ar Rashayida, and Ad Deirat areas. This is followed
by 19.3% of cases where the source was unknown. Other significant sources include Wadi
Araba, Dimona, Beer Sheba, and Eilat inside Israel with 16.4%, and Masafer Bani Na’im with
14.5%. Jericho contributed 9.6% of the cases. Lesser sources include the Tel Aviv, Nazareth,
and Asqalan areas (3.3%), Egypt border (2.8%), North Palestine including Nablus (1.9%), Julan
Israel (0.009%), and near the house in the South (0.004%). Additionally, Deir al A’sal near the
1967 border in the South also accounted for 0.004% of the cases. Overall, a total of 207 cases
were analyzed, reflecting a diverse geographic distribution of leishmaniasis sources.

4.2.3. Frequency of participants by the type of house:

Table 4.4: Frequency of participants (cases and controls) by type of house they live in

Participants Chi-square (sig.)*
Control Case Total
type of house built house 348 (56.0%) 98 (15.8%) 446 (71.8%) (91.9) 0.000
tent 66 (10.6%) 109 (17.6%) 175 (28.2%)
Total 414 (66.7%) 207 (33.3%) 621 (100.0%)

*Chi-Square tests used

Table (4.4) illustrates the frequency of participants (both cases and controls) by the type of house
they reside in. The majority of participants, 71.8%, live in built houses, with 56.0% of these
being controls and 15.8% being cases. In contrast, 28.2% of the participants live in tents, with a
higher proportion of cases (17.6%) compared to controls (10.6%). The Chi-square test shows a
significant difference in the distribution of participants by house type, with a p-value of 0.000,
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indicating that the type of residence may be associated with the occurrence of leishmaniasis in
this sample.

4.3 Risk factors for Leishmaniasis transmission

This section will present the potential effects or the relationships of different factors including
socio-demographic factors, indoor and outdoor environment, and people’s behavioral factors on
the transmission of leishmaniasis.

4.3.1. Effect of social factors on leishmaniasis transmission:

Table 4.5: Binary regression analysis of Relationship?® of Socio-demographic variables among
cases and controls with leishmaniasis occurrence.

Control (414) Case (207) Total (621) p-value
N (Y%)* N (%) N (%)

Categories of age
<15 years 166 (26.7) 83 (13.4) 249 (40.1)  0.662
15-30 years 144 (23.2) 72 (11.6) 216 (34.8)  0.445
31-45 years 68 (11.0) 34(5.5) 102 (16.4)  0.349
46-60 years 28 (4.5) 14 (2.3) 42 (6.8) 0.350
> 60 years (ref.) 8 (1.3) 4(0.6) 12 (1.9) --
Gender
Male 279 (44.9) 149 (24.0) 428 (68.9) 0.244
Female (ref.) 135 (21.7) 58 (30.1) 193 (31.1)
Marital Status
Married 189 (30.4) 77 (12.4) 266 (42.8)  0.045%
Single, divorced, widowed (ref.) 225(36.2) 130 (20.9) 355(57.2) --
Education
Basic school 322 (51.9) 196 (31.6) 518 (83.4) <0.001%*
University and Higher education (ref.) 92 (14.8) 11 (1.8) 103 (16.6) --
Main Occupation
Farmer 24 (3.9) 59 (9.5) 83 (13.4) <0.001*
Governmental servant 60 (9.7) 7(1.1) 67 (10.8) <0.001*
Laborer 187 (30.1) 46 (7.4) 233 (37.5) <0.001*
Private sector employee 137 (22.1) 4 (0.6) 141 (22.7) <0.001*
Self-employee 2(0.3) 4 (0.6) 6(1.0) 0.010%*
Household 2(0.3) 14 (2.3) 16 (2.6) 0.113
Student (ref.) 2(0.3) 73 (11.8) 75 (12.1) --
Residency place
Rural 414 (66.6) 187 (30.2) 601 (96.8) <0.001%*
Urban (ref.) 0.0 (0.0) 20 (3.2) 20 (3.2)
Monthly income
<1880 ILS 273 (44.0) 33(5.3) 306 (49.3)  0.094
1880-4000 ILS 129 (20.8) 170 (27.4) 299 (48.1)  0.020%*
4001-6000 ILS (ref.) 12 (1.9) 4(0.6) 16 (2.6) --
Travel to endemic area
Yes 274 (44.1) 59 (9.5) 333 (53.6) <0.001*
No (ref.) 140 (22.5) 148 (23.8) 288 (46.4) --

@ Relation is significant at the p < 0.05 level
*%=number/621
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Table (4.5) illustrates that the socio-demographic variables show varied relationships with
leishmaniasis occurrence among cases and controls. Age categories also show no significant
association with the disease (p-values between 0.349 and 0.662), suggesting that age is not a
strong risk factor in this sample. Gender does not appear to significantly affect leishmaniasis
occurrence (p-value = 0.244), with a higher proportion of males in both cases and controls.
Marital status is a notable factor, with married individuals being less represented among cases
(12.4%) compared to controls (30.4%), indicating a potential protective effect (p-value = 0.045).

Education level shows a strong association, with individuals having only basic school education
being more prevalent among cases (31.6%) compared to controls (51.9%), highlighting
education as a significant risk factor (p-value < 0.001). Main occupation is also a significant
factor, with farmers, governmental servants, laborers, and private sector employees showing a
higher prevalence among cases compared to controls (p-values < 0.001). Residency in rural
areas is strongly associated with leishmaniasis, as evidenced by the higher proportion of rural
residents among cases (30.2%) compared to controls (66.6%) (p-value < 0.001). Monthly
income and travel to endemic areas also play roles, with significant differences observed in
income brackets (p-value = 0.020) and a higher occurrence among those who travel to endemic
areas (if he/she had been in Jericho as an example) (p-value < 0.001).

4.3.2. Effect of Environmental factors on leishmaniasis transmission:

4.3.2.1. House Surroundings:

In the investigation of environmental factors associated with leishmaniasis occurrence, a series
of statistical analyses were conducted to evaluate the impact of various environmental
conditions. The primary aim was to discern how factors such as decaying garbage, unclear areas,
unclean areas, areas with wet soil, gardening areas, and water streams influence the likelihood
of leishmaniasis.

The analysis utilized chi-square tests to assess the association between each environmental
factor and the occurrence of leishmaniasis. Chi-square tests are well-suited for this purpose as
they determine whether there is a significant difference between observed and expected
frequencies in categorical data. This test provides a measure of how likely it is that an observed
distribution is due to chance, and it is particularly useful for understanding relationships between
categorical variables.
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Table 4.6: Distribution of leishmaniasis cases and controls by house outdoor surroundings*

Chi - Odds Ratio (OR) (95% p-value

Control Case Total square CI

N (%) N (%) N (%) value
Decaying Garbage
Present 197 31.7) 54 (8.7) 251(404) 2.572 1.8 (1.4-2.3) <0.001
Absent (ref.) 217 (52.4) 153 (24.6) 370(59.6) 0.709 (0.627-0.801)
Unclean areas
Present 63 (10.1) 184 (29.6) 247(39.8) 312.675 7.6 (5.1-11.2) <0.001
Absent (ref.) 351(56.6) 23(3.7) 374 (60.2) 0.171 (0.136-0.216)
Areas with wet soil
Present 2(0.3) 54 (8.7) 56 (9.0) 110.265 1.3 (1.2-1.4) <0.001
Absent (ref.) 412 (66.3) 153 (24.6) 565 (91.0) 0.019 (0.005-0.075)
Gardening areas
Present 208 (33.5) 119(19.2) 327 (52.7) 2.907 0.874 (0.751-1.017) 0.088
Absent (ref.) 206 (33.2) 87(14.0) 293 (47.2) 1.2 (0.972-1.409)
Water Streams
Present 18 (2.9) 94 (15.6) 115 (18.5) 165.287 1.8 (1.5-2.0) <0.001
Absent (ref.) 396(63.8) 110 (17.7) 506 (81.5) 0.093 (0.058-0.149)

*Chi-Square tests used

Table (4.6) illustrates the relationship between various outdoor surroundings and the occurrence
of leishmaniasis cases compared to controls.

Decaying garbage: The analysis of the relationship between decaying garbage and
leishmaniasis occurrence reveals a statistically significant association. The odds ratio for
leishmaniasis occurrence is 2.572 (p < 0.001), indicating that individuals with leishmaniasis are
more likely to be exposed to decaying garbage compared to controls. Specifically, the presence
of decaying garbage is associated with an increased risk of leishmaniasis (odds ratio = 1.824,
95% CI: 1.420 - 2.344), while the absence of decaying garbage is associated with a decreased
risk (odds ratio = 0.709, 95% CI: 0.627 - 0.801).

Unclean area: results in table 4.6 illustrates a strong association between the presence of
unclean areas and leishmaniasis occurrence. The Pearson Chi-Square statistic of 312.675 (p <
0.001) indicates a highly significant relationship, which is further supported by the Likelihood
Ratio and Fisher’s Exact Test, both showing p-values of 0.000.

The odds ratio for leishmaniasis in the presence of unclean areas is 7.630 (95% CI: 5.179 -
11.241), signifying that individuals in environments with unclean areas are significantly more
likely to develop leishmaniasis. Conversely, the odds ratio for leishmaniasis in the absence of
unclean areas is 0.171 (95% CI: 0.136 - 0.216), indicating a much lower risk of leishmaniasis.

Areas with wet soil: results present the association between the presence of wet soil and the
occurrence of leishmaniasis. The Pearson Chi-Square value of 110.265 (p < 0.001), along with
the significant results from the Likelihood Ratio and Fisher’s Exact Test, indicates a highly
significant relationship.
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The odds ratio for leishmaniasis in areas with wet soil is 1.346 (95% CI: 1.241 - 1.460),
suggesting a higher likelihood of the disease in these areas. compared to those without wet soil.
In contrast, the odds ratio for leishmaniasis in areas without wet soil is 0.019 (95% CI: 0.005 -
0.075), demonstrating a significantly lower likelihood of leishmaniasis in such environments

Gardening areas: In contrast, gardening areas do not show a significant association with the
occurrence of leishmaniasis, with 19.2% of cases and 33.5% of controls residing in such areas
(p-value = 0.088). This suggests that while gardening areas variable is common, it does not have
any impact on the disease spreading. The results are consistent across other statistical tests,
including the Likelihood Ratio and Fisher’s Exact Test.

The odds ratio for leishmaniasis in gardening areas is 0.874 (95% CI: 0.751 - 1.017), indicating
a slightly lower likelihood of the disease in such areas, though this association is not statistically
significant. Conversely, the odds ratio for areas without gardening is 1.170 (95% CI: 0.972 -
1.409), suggesting a slightly higher likelihood of leishmaniasis in these areas, but again, this
finding is not statistically significant.

Water streams: presents the relationship between the presence of water streams and the
occurrence of leishmaniasis. The Chi-Square tests reveal a highly significant association
(Pearson Chi-Square = 165.287, p < 0.001) between the presence of water streams and
leishmaniasis cases.

The odds ratio for leishmaniasis in areas with water stream is 1.8 (95% CI: 1.5 - 2.0), suggesting
a higher likelihood of the disease in these areas. compared to those without water stream. (p-
value < 0.001).

4.3.2.2. House location:

Table 4.7: Results of Chi-square test for the association between transmission of leishmaniasis
and house location in residence area

Chi - OR p-value
Control Case Total square (0.05)
N (%) N (%) N (%) value
Location of the house
Center of the domestic area 350 (56.4) 7(1.1) 357 (57.5) 371936 25.0(12.05-51.84) <0.001
Peripheral of the domestic area 64 (10.3) 200 (32.2) 264 (42.5) 156.2 (70.2-347.5)

Total 414 207

Table (4.7) presents the results of the analysis examining the association between the location
of the house and leishmaniasis occurrence. The data show a significant relationship between
house location and the likelihood of leishmaniasis. Specifically, individuals residing in the
center of the domestic area were far less likely to contract leishmaniasis, with only 7 cases
(1.1%) compared to 350 controls (56.4%) in this area. In contrast, a substantial proportion of
leishmaniasis cases, 200 (32.2%), lived in the peripheral areas, while only 64 controls (10.3%)
resided in these areas.
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The chi-square test yielded a value of 371.936 with a p-value of <0.001, indicating a highly
significant association between house location and leishmaniasis occurrence. This result is
further supported by the likelihood ratio and Fisher's Exact Test, both of which also indicate
statistical significance. The odds ratio analysis reveals an exceptionally high likelihood of
leishmaniasis for those living in peripheral areas, with an odds ratio of 156.250, suggesting that
residents of these areas are at a markedly increased risk compared to those living in the center
of the domestic area.

4.3.2.3 House condition status vs. leishmaniasis occurrence:

Table 4.8: Results of Multinomial Logistic Regression Analysis for the Association between
House Condition and Leishmaniasis Occurrence

Control Case Total OR p-value
N (%) N (%) N (%)
House conditions
Poor 3(0.5) 57 (9.2) 60 (9.7) 0.091 (0.027-0.303) < 0.001
Moderate 340 (54.8) 23 (3.7) 363 (58.5) 25.576 (15.14-43.19) <0.001
Good 8(1.3) 18 (2.9) 26 (4.2) 0.769 (0.316-1.870)  0.562
Living in tents (ref.) 63 (10.1) 109 (17.6) 172 (27.7) ---

The analysis explores the relationship between house condition and the occurrence of
leishmaniasis.

The model fitting information indicates that the model, including house condition as a predictor,
significantly fits the data (p <0.001). The likelihood ratio tests show that the inclusion of house
condition in the model explains a significant portion of the variability in leishmaniasis
occurrence (Chi-Square = 337.222, p <0.001). The parameter estimates suggest the following:

Poor House Condition: Residents living in poor house conditions are significantly less likely
to be controls (i.e., they are more likely to have leishmaniasis), with an odds ratio of 0.091 (95%
CI: 0.027 - 0.303).

Moderate House Condition: Residents in moderately conditioned houses have a significantly
higher likelihood of being controls, with an odds ratio of 25.576 (95% CI: 15.145 — 43.191),

indicating a protective effect against leishmaniasis.

Good House Condition: This category does not show a statistically significant effect, with an
odds ratio close to 1, indicating no strong association with leishmaniasis occurrence (p=0.562).
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Figure 4.3: Distribution of cases and controls by house condition level

The Figure (4.3) highlights a strong association between poor housing conditions and higher
leishmaniasis cases. Conversely, moderate housing conditions are more common among the
control group, indicating a lower risk. The data suggests that improving housing conditions
could be a key factor in reducing leishmaniasis incidence.

4.3.2.4. House family occupancy:

Table 4.9: Chi-Square Test Results and Logistic Regression Analysis for the Effect of
Household Crowding on Leishmaniasis Occurrence

Variable Chi -Square (OR) Sig. 95% CI
Persons per house 22.7
1-5 2.118 <0.001 (1.516, 2.959)
>5 0.780 (0.711, 0.856)
Variable Chi-Square Exp(B) (OR) Sig. 95% ClI for Exp(B)
Persons per bedroom
One or two -4.505 0.011 0.000 (0.004, 0.028)
Three or more 0.892 2.440 0.002 (1.370, 4.347)
No room / tent 0.489 1.631 0.004 (1.158, 2.298)

The Chi-Square test results indicate a significant association between household crowding and
the occurrence of leishmaniasis. Households with more than five persons per house are at a
higher risk, with an odds ratio (OR) of 0.780 (95% CI: 0.711, 0.856, p < 0.001), suggesting a
lower likelihood of remaining disease-free compared to those with 1-5 persons per house, which
have an OR of 2.118 (95% CI: 1.516, 2.959, p < 0.001). This result highlights that smaller
household sizes are associated with a reduced risk of leishmaniasis.
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Logistic regression analysis further underscores the role of bedroom crowding in leishmaniasis risk.
Households with three or more persons per bedroom have a significantly increased likelihood of
leishmaniasis, with an OR of 2.440 (95% CI: 1.370, 4.347, p = 0.002). Conversely, households with one
or two persons per bedroom have a drastically lower risk, evidenced by an OR of 0.011 (95% CI: 0.004,
0.028, p <0.001). Additionally, those living in tents or with no defined rooms have an OR of 1.631 (95%
CI: 1.158, 2.298, p = 0.004). 4.3.2.5 House internal structure and conditions:

Table 4.10: Logistic Regression Analysis of House indoor and outdoor characteristics in
relation to the leishmaniasis occurrence

Control Case Total Exp p-value 95% CI for
N (%) N (%) N (%) (OR) (0.05) Exp(B):
Type of house
Instruction Built 348 (84.1) 98 (47.3) 446 (71.8) 5.86 0.000 .014-8.5
Tent (ref.) 66 (15.9) 109 (52.7) 175 (28.2)
Type of wall covering
Unplaster/ normal paint 64 (15.5) 46 (22.2) 110 (17.7) 2.96 0.000 1.8-4.8
Plastered / oily paint 132 (31.9) 4(1.9) 136 (21.9) 70.3 0.000 24.8-199.0
Mixed 157 (37.9) 27 (13.0) 184 (29.6) 12.3 0.000 7.4-20.6
Tent (ref.) 61 (14.7) 130 (62.8) 191 (30.8)
Structure of housing
Underground 121 (29.2) 15(7.2) 136 (21.9) 13.3 0.000 7.1-24.7
One floor 71 (17.2) 53 (25.6) 124 (20.0) 2.21 0.001 1.3-35
Multi-floors 156 (37.7) 30 (14,5) 186 (30.0) 8.58 0.000 5.2-14.1
Tent (ref.) 66(15.9) 109 (62.3) 175 (28.2)
Staying Place
In first floor 296(71.5) 72 (34.8) 368 (59.3) 6.73 0.000 4.5-99
In upper floor 49 (11.8) 22 (10.6) 71 (11.4) 3.64 0.000 2.0-6.5
Tent (ref.) 69 (16.7) 113 (54.6) 182 (29.3)
Living in a house with
cracked wall
Yes 0(0.0) 51 (24.6) 51(8.2) 0.03 0.001 0.004- 0.234
No 348 (84.1) 47 (22.7) 395 (63.6) 11.6 <0.001 7.5-17.8
Tent (ref.) 66 (15.9) 109 (52.7) 175 (28.2)
Living in a house with
cracked floors
Yes 2(0.5) 49 (23.7) 51(8.2) 0.06 <0.001 0.016- 0.290
No 348 (84.1) 51 (24.6) 399 (64.3) 11.4 <0.001 7.4-17.4
Tent (ref.) 64 (15.5) 107 (51.7) 171 (27.5)
Window of the house
With net 230 (55.61) 34 (16.4) 264 (42.5) 11.3 <0.001 7.0-18.1
Without net 120 (29.0) 66 (31.9) 186 (30.0) 3.04 <0.001 1.9-4.6
Tent (ref.) 64 (15.5) 107 (51.7) 171 (27.5)
Materials in the yards
Stones 1(0.2) 15(2.4) 16 (2.6) 0.06 0.060 0.004-1.11
leaves, and tree trunk 0.0 (0.0) 7(1.1) 7(1.1) 0.14 0.184 0.008-2.51
Both 410 (66.0) 183 (29.5) 593 (95.5) 2.24 0.422 0.313-16.0
Empty area/desert (ref.) 3(0.5) 2(0.3) 5(0.8)
Sanitation
Inadequate access to 65 (10.5) 157 (25.3) 222 (35.7) 0.05 0.000 0.039-0.090
sanitation
Adequate access to 349 (56.2) 50 (8.1) 399 (64.3)
sanitation (ref.)
Sewage system/waste
management
Present 77 (12.4) 52 (8.4) 129 (20.8) 0.68 0.060 0.457-1.016
Absent (ref.) 337 (54.3) 155 (25.0) 492 (79.0)
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Table (4.10) shows the significant effects of various house characteristics on the likelihood of
contracting leishmaniasis.

Type of House: The odds of contracting leishmaniasis are significantly lower for those living
in instruction-built houses compared to tents (OR: 5.865, p < 0.001). This suggests that well-
constructed houses offer a strong protective effect against leishmaniasis.

Type of Wall Covering: The type of wall covering significantly influences leishmaniasis risk.
Houses with plastered/oily paint (OR: 70.328, p < 0.001) or mixed wall coverings (OR: 12.392,
p <0.001) have higher odds of leishmaniasis compared to those with un-plastered/normal paint.
This indicates that certain wall types are associated with an increased risk of the disease.

Structure of Housing: The structure of the house also plays a crucial role. Underground houses
have significantly higher odds of leishmaniasis (OR: 13.322, p < 0.001), while multi-floor
structures (OR: 8.588, p < 0.001) and single-floor houses (OR: 2.212, p = 0.001) show varying
levels of risk compared to tents.

Staying Place: Residents staying on the first floor are significantly less likely to contract
leishmaniasis (OR: 6.733, p < 0.001), and those on upper floors also show reduced risk (OR:
3.648, p <0.001) compared to those staying in tents.

Living in a House with Cracked Walls: Living in a house with cracked walls is strongly
associated with higher odds of leishmaniasis (OR: 0.032, p < 0.001), while intact walls are
associated with lower risk (OR: 11.619, p < 0.001).

Living in a House with Cracked Floors: Similar to cracked walls, cracked floors are linked
with increased leishmaniasis risk (OR: 0.068, p < 0.001). Houses with intact floors have a
significantly lower risk (OR: 11.408, p < 0.001).

Window of the House: Houses with netted windows are significantly less likely to have
leishmaniasis (OR: 11.310, p <0.001). Houses without nets also show a reduced risk (OR: 3.040,
p< 0.001).

Materials in the Yards: The presence of materials like stones or leaves in the yard does not
show a significant impact on leishmaniasis risk (ORs ranging from 0.067 to 2.240, with varying
p-values).

Sanitation: Inadequate access to sanitation is associated with significantly higher odds of
leishmaniasis (OR: 0.059, p < 0.001). Adequate sanitation is strongly protective against the
disease.

Sewage System/Waste Management: The presence of a sewage system shows a marginally

significant effect on leishmaniasis risk (OR: 0.681, p = 0.060), indicating a possible protective
effect, though not statistically significant at the conventional 0.05 level.
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Overall, the results emphasize that both structural and sanitation-related factors play significant
roles in the risk of contracting leishmaniasis, with well-maintained and adequately equipped
houses providing substantial protection against the disease.

4.2.3. Effect of having animals on leishmaniasis transmission:

Table 4.11: Results of Chi-square test for relationship between animals Ownership and
Leishmaniasis Occurrence

Control Case Total Pearson Chi- Odds Ratio (OR) p-value

N (%) N (%) N (%) Square (95% CI Fisher test
Having animals 6230, p <0.001
No (ref,) 354 (57.0) 12(1.9) 366 (58.9) 14.7 (8.50-25.54) <0.001
Yes 60 (9.7) 195(331.4) 255 (41.1)
Dogs 13.51, p < 0.001
No (ref.) 84 (13.5) 18(2.9) 102 (16.4) 2.6 (1.558 -4.584) 0.012
Yes 330(53.1) 189 (30.4) 519 (83.6)
Cats 13.80, p < 0.001
No (ref.) 137 (22.1) 39 (6.3) 176 (28.3) 2.1(1.422 -3.191) 0.014
Yes 277 (44.6) 168 (27.1) 445 (71.7)
Cattle, sheep, goats, 0.074, p = 0.785
COWS
No (ref.) 94 (15.1) 45(7.2) 139 (22.4) 1.05 (0.707 - 1.581) 0.435
Yes 320 (51.5) 162 (26.1) 482 (77.6)
Chicken 15.8, p =0.000
No (ref.) 84 (13.5) 73(11.8) 157 (25.3) 1.231 (1.101-1.377) < 0.001
Yes 330 (53.1) 134 (21.6) 464 (74.7)
Rodents and rats 200.1, p = 0.000
No (ref.) 408 (65.7) 112 (18.0) 520 (83.7) 57.6 (24.67-135.09) < 0.001
Yes 6 (1.0) 95 (15.3) 101 (16.3)
Hens 1.819, p =0.177
No (ref.) 278 (44.8) 150 (24.2) 428 (68.9) 1.193 (0.919-1.548) 0.104
Yes 136 (21.9) 57 (9.2) 193 (31.1)
Rocky hyrax 146.1, p = 0.000
No (ref.) 364 (58.6) 87 (14.0) 451 (72.6) 10.04 (6.70-15.04) < 0.001
Yes 50 (8.1) 120 (19.3) 170 (27.4)
Foxes 4.624, p = 0.032
No (ref.) 412 (66.3) 202 (32.5) 614 (98.9) 5.09 (0.98-26.50) 0.044
Yes 2 (0.3) 5(0.8) 7(1.1)

From the Table (4.11), we can see the effect of owning animals on leishmaniasis occurrence.
The chi-square test results highlight the varying degrees of association between different types
of animal ownership and the likelihood of contracting leishmaniasis.

Overall Animal Ownership:
The presence of animals around the home is strongly associated with leishmaniasis (Pearson
Chi-Square = 6230, p < 0.001). The odds of contracting leishmaniasis are significantly higher

in households with animals, with an odds ratio of 14.7 (95% CI: 8.50-25.54), indicating a
substantial risk increase.
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Dogs: Owning dogs is significantly linked to a higher risk of leishmaniasis (Pearson Chi-Square
= 13.51, p < 0.001). Households with dogs have an odds ratio of 2.6 (95% CI: 1.558-4.584),
suggesting that the presence of dogs more than doubles the risk of leishmaniasis.

Cats: The presence of cats also shows a significant association with leishmaniasis (Pearson Chi-
Square = 13.80, p < 0.001). The odds ratio is 2.1 (95% CI: 1.422-3.191), indicating that
individuals in households with cats have more than twice the risk of contracting leishmaniasis
compared to those without cats.

Cattle, Sheep, Goats, Cows: Ownership of cattle, sheep, goats, or cows does not show a
significant association with leishmaniasis (Pearson Chi-Square = 0.074, p = 0.785). The odds
ratio of 1.05 (95% CI: 0.707-1.581) suggests that these animals do not meaningfully affect the
risk of leishmaniasis.

Chicken: Having chickens is associated with an increased risk of leishmaniasis (Pearson Chi-
Square = 15.8, p < 0.001). The odds ratio is 1.231 (95% CI: 1.101-1.377), indicating a modest
increase in risk for those with chickens compared to those without.

Rodents and Rats: The presence of rodents and rats around the home is strongly linked to a
higher risk of leishmaniasis (Pearson Chi-Square = 200.1, p < 0.001). The odds ratio of 57.6
(95% CI: 24.67-135.09) demonstrates a very high risk associated with these animals.

Hens: Ownership of hens does not show a significant association with leishmaniasis (Pearson
Chi-Square = 1.819, p = 0.177). The odds ratio is 1.193 (95% CI: 0.919-1.548), indicating no
significant increase in risk.

Rocky Hyrax: The presence of rocky hyraxes is significantly associated with leishmaniasis
(Pearson Chi-Square = 146.1, p <0.001). The odds ratio of 10.04 (95% CI: 6.70-15.04) suggests
a strong association, with a high risk of leishmaniasis for those exposed to rocky hyraxes.

Foxes: The association between foxes and leishmaniasis is significant (Pearson Chi-Square =
4.624, p = 0.032). The odds ratio of 5.09 (95% CI: 0.98-26.50) indicates a higher risk of
leishmaniasis in households with foxes, though the risk is less pronounced compared to some
other animals.

Overall, these results underscore the significant impact that various types of animal ownership

can have on the risk of leishmaniasis, with some animals showing a particularly strong
association with the disease.
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Figure 4.4: Distribution and percentages of animals owned or frequently visiting home/ near or
around house

Figure (4.4) shown the presence of rodents, rats, rocky hyrax, and particularly foxes, shows a
higher prevalence in leishmaniasis cases, highlighting a potential linkage between these animals
and the transmission of the infection.

4.2.4. Topography and Climate risk factors:

In this section, we explore the relationship between leishmaniasis occurrence and various
topographical and climate-related factors in the study area, providing insights into how these
environmental conditions contribute to the disease's occurrence and distribution

Table 4.12: Distribution of leishmaniasis cases and controls by residence area topography and
climate risk factors

Control Case Total p-value
N (%) N (%) N (%)  Fisher test
Natural environment
Caves, Crevices, Stone fences 2(0.3) 174 (28.0) 176 (28.3) <0.001
Agricultural area 62 (10.0) 29 (4.7) 91 (14.7)
Urban Area 350 (56.4) 4 (0.6) 354 (57.6)
Rainfall
<the average/year 293 (47.2) 65 (10.5) 358 (57.6) <0.001
=the average/year 121 (19.5) 139 (22.4) 260 (41.9)
>the average/year 0.0 (0.0) 3(0.5) 3(0.5)
Temperature
Average minimum temperature /month 0.0 (0.0) 3(0.5) 3(0.5) <0.001
Average maximum temperature/ month 295 (47.5) 114 (18.4) 409 (65.9)
Average medium temperature /month 119 (19.2) 90 (14.5) 209 (33.7)
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Table (4.12) displays the Logistic Regression Analysis analysis of leishmaniasis cases and
controls by residence area topography and climate risk factors reveals significant associations
that can inform public health strategies. Living near natural environments such as caves,
crevices, and stone fences are linked to higher risk of leishmaniasis, as evidenced by 28.0% of
cases compared to only 0.3% of controls in these areas (p < 0.001). This suggests that such
environments are conducive to the habitats of sandflies, the disease vectors. Conversely, urban
areas, which host a majority of controls (56.4%) but very few cases (0.6%), are associated with
a significantly lower risk, likely due to fewer vector habitats and better living conditions.

Agricultural areas show a moderate presence of cases (4.7%) and controls (10.0%), indicating
some level of risk related to farming activities and exposure to vectors.

Climate factors further influence disease risk. Areas with below-average rainfall have a
significantly higher proportion of cases (10.5%) compared to controls (47.2%), indicating that
drier conditions might favor vector activity and disease transmission (p < 0.001). In contrast,
areas with rainfall equal to the annual average show moderate risk, while those with above-
average rainfall have minimal cases, suggesting less favorable conditions for vector
proliferation.

Temperature analysis indicates that both minimum and medium temperatures are associated
with leishmaniasis cases (0.5% and 14.5%, respectively), although the distribution of controls
suggests that extreme temperatures might limit vector activity. The odds ratio for average
monthly minimum temperature (1.3; 95% CI: 1.2-1.4) further highlights temperature as a risk
factor. Findings shown the necessity of considering environmental and climatic determinants in
leishmaniasis prevention and control, particularly in managing vector habitats and targeting
high-risk areas.

4.2.4.1. Rainfall in Palestine (2014-2023):

Data on annual rainfall from 2014 to 2023 obtained by referring to the Palestinian
Meteorological Authority (www.pmd.ps/en/) and by a personal communication with people
working in the authority office. These data were analyzed in relation to the leishmaniasis
occurred during that period. Table 4.13 below shows the association between Rainfall and
disease occurrence.

Table 4.13: Association between annual rainfall on leishmaniasis in Hebron and Bethlehem
Districts

2014 [ 2015 | 2016 |2017 |2018 |2019 |2020 [2021 [2022 | 2023 p-value
CL{vL|CL|VL|CL|VL|CL|VL |CL|VL |CL|VL|CL|VL |CL|VL|CL| VL |CL VL
Hebron 4610 |32]3 |30[3 |33|1 |46[1 [6 |1 [16]2 |[19]1 |23[0 |21 |2 |0.764
Annual Rainfall | 4448 | 511.7 | 5534 | 2434 | 518 3941 | 7574 |3622 | 496 493.2
Bethlehem 1810 [11]0 |6 [0 |6 |1 |[13[1 [1 |10]0 |0 |6 |0 |3 [0 |10 |0 |0.270
Annual Rainfall | 378.8 | 5429 | 605.6 |3557 | 621 4951 | 7025 | 4425 | 5122 | 4645
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Table (4.13) displays regression analysis of the association between annual rainfall and the
infection occurrence likelihood in the Hebron and Bethlehem districts over a ten-year period
from 2014 to 2023. The table categorizes cases into cutaneous leishmaniasis (CL) and visceral
leishmaniasis (VL), showing the annual case counts for each type in both districts, along with
the annual rainfall data.

In Hebron, cutaneous leishmaniasis cases vary each year, with a peak of 46 cases in 2014 and
2018, and a low of 6 cases in 2019. Visceral leishmaniasis cases are consistently low, ranging
from 0 to 3 cases per year. The annual rainfall in Hebron fluctuates significantly, from a low of
243.4 mm in 2017 to a high of 757.4 mm in 2020. The p-value for the association between
annual rainfall and leishmaniasis incidence in Hebron is 0.764, indicating no statistically
significant correlation.

In Bethlehem, cutaneous leishmaniasis cases are generally lower than in Hebron, with a peak of
18 cases in 2014 and a minimum of 0 cases in 2020. Visceral leishmaniasis cases are rare, with
only occasional occurrences (maximum of 1 case in a year). The annual rainfall in Bethlehem
also shows variation, ranging from 355.7 mm in 2017 to 702.5 mm in 2020. The p-value for the
association between annual rainfall and leishmaniasis incidence in Bethlehem is 0.270, also
indicating no statistically significant correlation.

800 757.4

700 650.2

616.7 616.7

600 564.5
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Figure 4.5: Annual rainfall (2014-2023) with leishmaniasis cases in Hebron and Bethlehem
Districts
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4.2.5. Awareness about the disease:

Table 4.14: Distribution of leishmaniasis cases and controls by their knowledge

Control Case Total R (Pearson
N (%) N (%) N (%) correlation)
Heard about disease (before infection)
Yes 350 (56.4) 108 (17.4) 458 (73.8) .347 (0.000)
No 64 (10.3) 99 (47.8) 163 (26.2)
Family knowledge of the vector
Yes 352 (56.7) 145 (23.3) 497 (80.0) .177 (0.000)
No 62 (10.0) 62 (10.0) 124 (20.0)

The analysis of leishmaniasis cases and controls by their knowledge about the disease reveals
significant insights into the importance of awareness and family knowledge in disease
prevention. A substantial majority of controls (56.4%) had heard about leishmaniasis before
infection, compared to only 17.4% of cases.

Furthermore, family knowledge of the vector is prevalent among controls (56.7%) compared to
cases (23.3%), indicating that understanding the vector's behavior and habitats can lead to better
preventive practices and reduced risk of infection. The equal distribution of controls and cases
(both 10.0%) with no family knowledge suggests that increasing family knowledge might
further enhance protective behaviors and reduce disease incidence. These findings emphasize
the significant role of disease awareness and family knowledge in preventing leishmaniasis,
advocating for comprehensive public health education initiatives to improve awareness and
understanding of the disease and its vectors.

Overall, the data suggests that having prior knowledge about the disease and family knowledge
of the vector are both significantly associated with lower rates of leishmaniasis infection. The
stronger correlation for hearing about the disease indicates it may play a more critical role in
preventing infection.

4.3 Source of information

Figure (4.6) illustrates the distribution of participants' percentages by their sources of knowledge
about leishmaniasis. The majority of participants (48%) reported that TV/Radio was their
primary source of information. Health workers were the second most common source, informing
29% of participants. Friends contributed to 19% of the knowledge dissemination among
participants, while printed media accounted for a minimal 1%.

This distribution highlights the critical role of mass media, particularly TV and radio, in raising
awareness about leishmaniasis. The significant contribution of health workers underscores the
importance of medical professionals in public health education. Conversely, the low percentage
of participants informed through printed media suggests that traditional print sources are less
effective in reaching the population regarding this health issue. Overall, these findings suggest
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that leveraging TV, radio, and healthcare providers could be the most effective strategy for

disseminating information about leishmaniasis to the community.

59.7, 29%

100, 48%

39.3, 19%

H TV/Radio

M Printed media

M Friend

Health worker

M Total

Figure 4.6: Distribution of participants percentages by source of knowledge about

Leishmaniasis

4.4 Behavioral characteristics and prevention measures

Table 4.15: Chi-square test results of Comparison of Behavioral Characteristics and Prevention

Measures Between Control and Case Participants

Control Case Total p-value
N (%) N (%) N (%) Fisher test
Using insecticide treated bed nets while
sleeping
Yes 411 (66.2) 39 (6.3) 450 (72.5) <0.001
No 3(0.5) 168 (27.1) 171 (27.5)
Ever sleeping outdoor in the last 2 years
Yes 4.0 (0.6) 195 (31.4) 199 (32.0) <0.001
No 410 (66.0) 12 (1.9) 422 (68.0)
Ever sleeping with windows opened in
last 2 years
Yes 4.0 (0.6) 192 (30.9) 196 31.6) <0.001
No 410 (66.0) 15(2.4) 425 (68.4)
Had a habit of spending time outside
home after sunset
Yes 4.0 (0.6) 198 (31.9) 202 (32.5) <0.001
No 410 (66.0) 9(1.4) 419 (67.5)
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The findings in Table (4.15) highlight significant behavioral differences between control and
case participants in relation to leishmaniasis prevention. Control participants were significantly
more likely to use insecticide-treated bed nets while sleeping, with 66.2% of controls doing so
compared to only 6.3% of cases. Conversely, case participants exhibited behaviors that
increased their risk of infection. These include a higher prevalence of sleeping outdoors (31.4%),
sleeping with windows open (30.9%), and spending time outside the home after sunset (31.9%).
All these associations were statistically significant (p-values less than 0.001). These findings
suggest that using preventive measures such as bed nets and avoiding risky behaviors can
significantly reduce the risk of leishmaniasis infection.

Overall, the data indicates that control participants are significantly more likely to use
insecticide-treated bed nets, while case participants are significantly more likely to have
behaviors such as sleeping outdoors, sleeping with windows open, and spending time outside
after sunset. These behaviors were significantly linked to increased risk of leishmaniasis
infection.
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CHAPTER FIVE: RESULTS DISCUSSION, CONCLUSION
AND RECOMMENDATIONS

This chapter will present discussion of the main findings of our study in relation to its objectives
and research questions. Conclusion remarks and recommendations to community and decision
makers will be presented. Also, Limitations of the current study will be presented.

5.1 Discussion of main findings

5.1.1. Distribution of Leishmaniasis by residence area:

The analysis underscores a distinct spatial distribution of leishmaniasis cases, with Yatta
(32.9%) and A’rab ar Rashayida (27.5%) emerging as primary hotspots, followed by Bani Naem
(13.0%). Peripheral areas such as Dura, Sa'ir, Za'tara, and Adh Dhahiriya contribute moderately
between 3.4% and 4.8%, while Bethlehem and Hebron exhibit lower incidences at 1.4% and
2.4%, respectively. Meanwhile, Taffuh, Tarqumiya, Idhna, Halhul, Ar Rihiya, and Surif are
minimally affected, each accounting for 1.0% or less of cases. These findings accentuate the
necessity for targeted interventions in Yatta, A’rab ar Rashayida, and Bani Naem, with continued
surveillance imperative in Bethlehem and Hebron to avert potential outbreaks. Notably, the
concentration of cases in peripheral areas, as opposed to main cities, emphasizes the importance
of geographically tailored approaches in disease control efforts.

The alignment of these findings with prior research conducted in Palestine enhances their
reliability, highlighting the persistent challenge of leishmaniasis in rural areas. This is consistent
with earlier research by Amro et al., (2017), who identified coastal regions as having a
heightened risk due to more favorable conditions for the vectors responsible for transmission.
They emphasized the importance of considering socio-economic factors, such as migration,
conflicts, urbanization, land use, and access to healthcare, in the design of control programs to
prevent the emergence of new endemic areas. Recent studies by Ghatee et al., (2023) support
these trends by identifying key environmental factors—such as urban settings, orchards,
agriculture, and minimum temperature—that significantly influence the occurrence of
cutaneous leishmaniasis (CL).

The consistency of these findings across multiple studies, including those by Amane M. et al,,
(2022), who found a significant association between socioeconomic factors and rural habitation
(OR =4.163; 95% CI: 2.91-5.96), underscores the broader relevance and applicability of these
results in understanding and addressing the epidemiology of leishmaniasis. Furthermore,
Alzahrani et al., (2023) noted a significant association between residing in or around planted
areas and the likelihood of CL occurrence (AOR 1.18, 95% CI 0.13-2.24; P<0.001). This is
further supported by the observations of Jarallah et al., (2022) and Okwor and Uzonna (2016),
who highlighted that leishmaniasis primarily affects impoverished, remote rural communities
with poor housing and limited access to modern healthcare facilities.
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5.1. 2. Distribution of Leishmaniasis by affected body part:

Hands were the main affected body part, affecting 59.4% of patients, with a higher prevalence
among males (43.4%) compared to females (15.9%). The legs are the second most common site,
impacting 18.8% of patients, with 14.4% being males and 4.3% females. Infections on the neck
occur in 9.7% of patients (5.7% males and 3.8% females), while the face accounts for 12.1% of
cases (8.2% males and 3.8% females). This distribution indicates a higher prevalence of
infection on the hands and legs, particularly among males. The overall data underscores the need
for targeted protective measures for the most commonly affected body parts, particularly in
males who exhibit higher infection rates in all categories.

These findings align with previous studies, such as those by Sbehat (2012), Reithinger et al.,
(2005), Yanik et al., (2004), Kassi et al., (2008), and Vares et al., (2013), which also identified
the hands and legs as the most common infection sites for leishmaniasis. In current study the
higher prevalence among males in all categories suggests occupational or behavioral factors that
increase exposure to the sandfly vector. These consistent results across multiple studies
underscore the importance of implementing targeted protective measures for the most affected
body parts, particularly the hands and legs, and developing gender-specific strategies to reduce
infection rates among males. Uthman MA, et al., (2005) found that the lesions often develop on
exposed body parts, such as the face and extremities. The mucous membranes of the mouth,
nose, and throat cavities, as well as surrounding tissue, can be totally or partially destroyed by
ulcerations that may result in lifetime scarring, which can cause severe psychological and/or
social stigma, particularly among young girls

Another issue which is not searched by this study is the number of lesions among studied
patients. The site and number of lesions(s) are an indication of the type of cutaneous (CL). L.
major usually presents as multiple lesions (=3) and L.tropica is more often on the nose (Klaus
and Frankenburg, 1999; AL Jawabreh et al., 2004). According to Al-Jawabreh, A., et al., (2017)
cases caused by L. tropica, significantly, had a single lesion compared to cases caused by L.
major (P =0.0001), which, significantly, had multiple lesions (P = 0.0001). This and previous
studies showed that CL is present in all Palestinian districts. Amro ef al., (217) found that around
77.3% of L. tropica CL and 57.7% of L. major CL caused single lesions which reflects that most
of current study patients were CL patients.

This distribution indicates a higher prevalence of infection on the hands and legs, particularly
among males. The overall finding highlights the need for targeted protective measures for the
most commonly affected body parts, particularly in males who exhibit higher infection rates in
all categories. Educational programs can play a vital role in this regard by promoting protective
measures, particularly during activities like sleeping and gathering outdoors, where exposure is
heightened. Emphasizing the use of covers for these vulnerable areas, especially at night, could
significantly reduce the risk of cutaneous leishmaniasis. By raising awareness about these
simple yet effective precautions, communities can be better equipped to protect themselves
against this persistent threat.
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5.1. 3. Distribution of Leishmaniasis by Source of infection:

The distribution of leishmaniasis cases in our study reveals a distinct pattern of transmission
concentrated in peripheral and suburban areas, particularly those near borders and away from
major urban centers. The majority of cases, accounting for 29.9%, were reported from the
Zatara, A’rab ar Rashayida, and Al-dirat areas, underscoring these locations as significant
hotspots for the disease. Other notable sources include Wadi Araba, Dimona, Beer Sheba, and
Eilat, contributing 16.4% of the cases, and Massafer Bani Na’im with 14.5%. Jericho also
emerged as a significant source, accounting for 9.6% of the cases.

These findings are consistent with previous research by Al-Jawabreh ef al., (2004), Amro et al.,
(2009), and Sbehat (2012), who found that over 70% of cutaneous leishmaniasis (CL) patients
were residents of suburban areas, although cases were reported from various geographical sites.
This pattern, observed across different studies and time periods, highlights the persistent
vulnerability of suburban and peripheral regions to leishmaniasis. The work of Azmi et al.,
(2017) further supports this consistency, linking the re-emergence of leishmaniasis in these areas
to environmental changes and human activities that may have reactivated previously existing
genotypes.

The spread of leishmaniasis in our study is particularly notable in less populated and remote
areas, such as near the Egypt border (2.8%) and North Palestine including Nablus (1.9%), with
minimal yet notable cases from locations like Julan Israel and Dir Alsal near the 1967 border.
These findings emphasize the complex dynamics of disease transmission in peripheral regions,
where environmental shifts and human interventions are creating favorable conditions for the
resurgence of the disease.

The alignment of our results with those from earlier studies reinforces the need for targeted
public health interventions in these vulnerable areas. The consistency of findings across
different geographical sites and time periods underscores the importance of monitoring
suburban and peripheral regions closely. Effective control measures, tailored to the unique
environmental and socio-economic conditions of these areas, are crucial in preventing the
further spread of leishmaniasis and mitigating its impact on affected communities.

5.1.4. Distribution of participants by the type of house:

The findings proposed a significant disparity in housing types between leishmaniasis cases and
controls. A higher proportion of cases (17.6%) reside in tents compared to 15.8% living in built
houses. Conversely, among controls, 56.0% reside in built houses, with only 10.6% living in
tents. This discrepancy suggests that living in tents may pose an elevated risk of contracting
leishmaniasis. Housing conditions emerge as a critical factor in disease transmission,
underscoring the potential impact of improved living conditions as a public health intervention
to mitigate leishmaniasis incidence.

These results align with previous studies conducted locally, regionally, and internationally,
which have identified housing characteristics as influential factors in leishmaniasis
epidemiology. Mandal et al., (2020) identified living in thatched houses and sleeping on the
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ground floor as risk factors. Similarly, Ullah et al., (2016) emphasized the role of household
clustering, construction materials, and traditional practices. Maia et al., (2016) found that
staying in houses with sand backyards conferred possible protection against Leishmania
infection. Additionally, Kiptui et al., (2021) reported a significant association between staying
in mud or cracked houses and leishmaniasis incidence. Sarmadi et al., (2023) found that living
in muddy houses, ruined buildings, or areas with stagnant water was related with likelihood of
leishmaniasis.

Results show a distinct variation in housing types when comparison between the infected and
the non-infected individuals. A higher proportion of infections were found among individuals
staying in tents which hints that living in tent might be linked to an elevated susceptibility to be
infected. These collective findings underscore the multifaceted nature of housing-related risk
factors in leishmaniasis occurrence and transmission, emphasizing the importance of targeted
interventions to address housing vulnerabilities and reduce disease burden.

5.1.5. Effect of socio-demographic factors on leishmaniasis transmission:

The analysis reveals significant findings regarding the socio-demographic characteristics of
leishmaniasis cases and controls. Geographic variability is evident, with Hebron exhibiting a
higher prevalence (22.2%) compared to Bethlehem (11.1%). Age is a notable factor, with
elevated case proportions among individuals under 15 years (13.4%) and those aged 15-30 years
(11.6%). Males constitute a larger proportion of the sample (68.9%), with a significant
proportion being cases (24.0%), while females also show notable case percentages (30.1%).
Education level, particularly basic school education, and occupation, such as farmers (9.5%)
and students (11.8%), significantly influence leishmaniasis occurrence. Residency in villages is
associated with a higher disease occurrence (29.8%) compared to camps (0.3%) and cities
(3.2%). Income levels between 1880-4000 ILS are linked to higher case percentages (27.4%),
and travel to endemic areas strongly correlates with leishmaniasis cases (9.5%). These findings
underscore the critical role of socio-demographic factors in both disease transmission and
prevention strategies.

These findings were in align with other studies. Wijerathna et al., (2020) found that demographic
factors associated with CL and the younger population was more affected group. Peter
Lomurukai (2020), Sarmadi et al., (2023), Terefe et al., (2015) and Yared ef al., (2014) found
that males reported higher case notification than females and the age groups were children and
young adults. However, Alzahrani et al., (2023) found that no significant associations were
observed based on sex but on the other side highlighted that age, residence in planted areas, and
occupation as key risk factors for leishmaniasis aligned with Sriwongpan et al., (2021) who
found infection risk factors included female gender, and increasing age. Bamorovat et al., (2018)
found that older age (=51 years) which contradicted to our finding related to age as a risk factor.

Eid et al., (2018) found that a 43% CL prevalence, with male sex identified as a key risk factor.
Charoensakulchai et al., (2020) found that risk factors for L. martiniquensis were female gender,
recreational drug use, and comorbidities. Kiptui ef al., (2021) found that majority of the infected
were uneducated (68%). Socio-demographic factors including education, income, residency
characteristics were studied and reported to be risk factors for leishmaniasis infection (Yared et
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al., 2014, Alzahrani et al., 2023, Amane M. et al. 2022, Eid et al., 2018, Bamorovat et al., 2018,
Maia et al., 2016, Ullah ef al., 2016, Mandal et al., 2020, and Wijerathna et al. 2020).

5.1.6. Effect of Environmental factors on leishmaniasis transmission:

The examination of environmental variables influencing CL transmission yields significant
insights into potential disease risk factors. Table (4.6) elucidates the connection between outdoor
environmental conditions and CL occurrence, revealing a robust association with factors such
as decaying garbage, unclean (dirty) areas, wet soil, and proximity to water streams. These
findings shown the crucial role of environmental cleanliness and sanitation in curtailing disease
spread. Moreover, the spatial distribution of houses emerges as a crucial determinant, with
peripheral locations exhibiting a higher incidence of the disease compared to central areas, as
evidenced in Table (4.7).

Furthermore, housing conditions significantly impact disease transmission, with poor house
conditions and higher household occupancy rates correlating with increased leishmaniasis cases,
as delineated in Tables (4.8 and 4.9). Additional scrutiny in table 4.10 underscores the influence
of factors like tent housing, overcrowding, inadequate sanitation, and the absence of window
nets on disease transmission rates. R. Patil, R., & K. Chatterjee, P. (2024) found that poverty
enhances the risk for Kala-azar. Poor housing and domestic sanitary conditions are good
breeding ground for sandfly which is the vector for Visceral Leishmaniasis, as well as resting
sites and their ease of sandfly contact with humans.

The analysis highlights that environmental factors such as decaying garbage, unclear areas, wet
soil, and proximity to water streams show significant relationship with an increased risk of
leishmaniasis, whereas gardening areas do not exhibit a significant correlation. This information
is crucial for public health interventions aimed at reducing the incidence of leishmaniasis by
targeting environmental improvements. Analysis indicates that higher number of family
members occupying house or bedroom is significantly associated with increased transmission
of leishmaniasis. This could indicate the impact of household occupancy rate in the spread of
the disease, highlighting the need for interventions aimed at improving living conditions.

These results underline the necessity for targeted involvements aimed at enhancing housing
conditions and environmental sanitation to mitigate leishmaniasis risk in affected communities.
Moreover, these results align with previous research, highlighting the pivotal role of
environmental factors in leishmaniasis epidemiology (Amane M. et al., 2022; Valero & Uriarte,
2020; Alzahrani et al., 2023; Yared et al., 2014; Sarmadi et al., 2023; Terefe et al., 2015; Kiptui
et al., 2021; Bamorovat and colleagues., 2018; Ullah et al., 2016; Mandal et al., 2020).

Additionally, Yupari-Azabache et al., (2023) found that households with basic access to
infrastructure were similarly vulnerable, reinforcing the need for a comprehensive approach to
address the socio-environmental determinants of the disease. Jarallah HM. et al., (2022) found
that VL has a dynamic epidemiology factors can change under the influence of climate, ecology,
behavior of humans, vectors and reservoirs.
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5.1.7. Effect of having animals on leishmaniasis transmission:

The analysis of animals' impact on leishmaniasis transmission reveals significant associations
between certain animals and disease incidence. Households with animals, particularly dogs,
cats, chickens, and rodents, show a notably higher prevalence of leishmaniasis cases compared
to those without animals. Specifically, existence of dogs and cats significantly elevates the risk
of leishmaniasis, with odds ratios of 2.6 and 2.1, respectively. Furthermore, chickens and rodents
pose a substantial risk, with odds ratios of 3.8 and 13.2, respectively. In contrast, larger livestock
like cattle, sheep, goats, and cows do not exhibit a significant association with leishmaniasis
transmission. However, the presence of rocky hyraxes and foxes, though less common, also
shows a noteworthy association with leishmaniasis cases. These findings underscore the
importance of targeted interventions to control animal populations, particularly dogs, cats,
chickens, rodents, rocky hyraxes, and foxes, to mitigate leishmaniasis transmission.
Additionally, Figure 5.4 highlights a higher prevalence of rodents, rats, rocky hyraxes, and foxes
in leishmaniasis cases, indicating a potential link between these animals and disease
transmission and offering valuable insights for vector control and disease prevention strategies.
Rock hyraxes are were incriminated as the reservoir hosts of L. fropica, a parasitic
microorganism that causes the disease leishmaniasis in humans and other mammals (Svobodova
et al., 2006).

Similar results were observed in previous studies. Lehlewa AM, et al., (2021) found that CL
cases were more likely than controls to report a history of having rodents inside the house (OR
5.15, 95% CI 3.56-7.47), having chickens, sheep, or both (OR 3.44, 95% CI 2.48-4.75), having
a mixture of dogs and sheep or of dogs and chickens within a distance of less than 100 meters
(OR 3.92, 95% CI 2.59-5.94). Sbehat, (2012), reported rats and dogs around patients' houses,
aligning with our findings. Ullah et al, (2016), suggested that keeping cattle indoors at night
could pose a risk. Sriwongpan et al., (2021), recorded the existence of animal enclosures in
housing areas as a risk factor for leishmaniasis infection. Yared et al., (2014), associated goat
ownership with elevated odds of VL (OR = 6.4). Amane M. et al., (2022) also linked the
presence of animals with socioeconomic and environmental factors associated with cutaneous
leishmaniasis (CL). Additionally, Olga Vinitsky et al., (2010) found that infected individuals
were existed in marginal line of two neighborhoods, close to the habitats of the rock hyraxes,
further supporting our findings.

5.1.8. Topography and Climate risk factors:

The analysis of leishmaniasis cases and controls concerning residence area topography and
climate risk factors reveals significant associations, providing insights for public health
strategies. Living near natural environments such as caves, crevices, and stone fences is linked
to a notably higher risk of leishmaniasis, indicating these areas as potential habitats for disease
vectors. Conversely, urban areas exhibit lower risk due to fewer vector habitats and better living
conditions. Agricultural areas show a moderate presence of cases, suggesting a level of risk
related to farming activities and vector exposure. Regarding climate factors, areas with below-
average rainfall have a significantly higher proportion of cases, indicating that drier conditions

62



might favor vector activity and disease transmission. Conversely, areas with above-average
rainfall show minimal cases, suggesting less favorable conditions for vector proliferation.

Regarding rainfall in Palestine from 2014 to 2023, the association between annual rainfall and
leishmaniasis incidence in Hebron and Bethlehem districts over the examined period showed no
statistically significant correlation. Cutaneous leishmaniasis cases varied annually, with peaks
in certain years, while visceral leishmaniasis cases remained consistently low. Similarly, rainfall
fluctuated over the years (seasonal variation) in both districts, yet no significant correlation with
leishmaniasis incidence was observed. Overall, the data suggests that other factors beyond
rainfall might play a more significant role in leishmaniasis spreads in these regions during the
examined period. Amro et al., (2017) found that seasonal occurrence of CL cases showed that
most cases (74.2%) admitted to the hospital between November and March, L. major cases from
November till January (69.4%), and L. tropica cases mainly in January and February (41%). In
contradict Valero & Uriarte, (2020) found the possible effect of climatic change including
rainfall on the incidence of leishmaniasis. Nili ef al., (2021) showed a seasonal pattern, peaking
from August to October. Meteorological variables like temperature, humidity, rainfall, and
sunshine hours were associated with CL incidence. Ghatee et al., (2023) identified urban
settings, orchards, agriculture, and minimum temperature as significant determinants of CL
occurrence in the region. Yupari-Azabache et al., 2023 identified direct associations between
annual rainfall, humid forest areas, and mortality from transmissible diseases with leishmaniasis
cases.

The examination of leishmaniasis cases and controls concerning residence area topography and
climate risk factors yields significant associations, offering valuable insights for public health
strategies. Proximity to natural environments like caves, crevices, and stone fences is strongly
correlated with a heightened risk of leishmaniasis, indicating these areas as potential breeding
grounds for disease vectors. Concerning climate factors, regions experiencing below-average
rainfall exhibit a notably higher proportion of cases, implying that drier conditions may facilitate
vector activity and disease transmission. Conversely, areas with above-average rainfall show
minimal cases, indicating less conducive conditions for vector proliferation. Temperature
analysis reveals associations between leishmaniasis cases and both minimum and medium
temperatures, emphasizing temperature as a significant risk factor. These findings assure the
magnitude of taking environmental and climatic factors into consideration while planning suited
interventions and strategies for leishmaniasis prevention and control.

Our data on rainfall and temperature fluctuation (annual or seasonal variation) could be not
enough to illustrate the association between CL occurrence and rainfall and temperature, and
this lead to conduct future deeper research on this issue.

5.1.9. Behavioral characteristics and prevention measures:

The outcomes delineated in Table 4.15 underscore notable disparities in behavioral patterns
between control and case cohorts concerning leishmaniasis prevention strategies. Control
participants exhibit a markedly higher propensity to utilize insecticide-treated bed nets during
sleep, with 66.2% adhering to this practice compared to a mere 6.3% among cases. Conversely,
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case participants demonstrate behaviors conducive to heightened infection risk, including a
greater prevalence of outdoor sleeping (31.4% cases vs. 0.6% controls).

Findings are in consistence with others came by different studies. Kiptui et al., (2021) similarly
noted associations between visceral leishmaniasis and outdoor sleeping or proximity to acacia
trees and ant hills near residences (p<0.01). Additionally, case participants exhibit a higher
incidence of sleeping with windows ajar (30.9% cases vs. 0.6% controls) and engaging in
outdoor activities post-sunset (31.9% cases vs. 0.6% controls), all statistically significant with
p-values below 0.001. These findings accentuate the efficacy of preventive measures like bed
net usage and the detrimental impact of risky behaviors on leishmaniasis vulnerability. However,
it's noteworthy that while Maia et al., (2016) did not find significant protective effects with
repellents and bed nets, our findings align with Yared et al., (2014), indicating elevated visceral
leishmaniasis odds associated with prolonged field exposure (OR = 1.1), conversely lower odds
linked to indoor sleeping (OR = 0.2) and outdoor sleeping under bed nets (OR = 0.1).
Conversely, Alzahrani et al., (2023) observed no significant associations based on gender (AOR
1.4, 95% CI 0.7-1.6; P=0.11), educational attainment (P=0.072), or preventive measure
utilization (P>0.05). Overall, the data underscores the heightened propensity of control
participants to employ insecticide-treated bed nets compared to cases, while the latter group
exhibits behaviors significantly associated with augmented leishmaniasis infection risk.
Lehlewa AM, et al., (2021) also found that cases were more likely than controls to report a
history of bed net use (OR 1.72, 95% CI 1.08-2.72), and sleeping outside or a mixture of inside
and outside (OR 4.01, 95% CI 1.32-12.19).

Overall, the data indicates that control participants are significantly more likely to use
insecticide-treated bed nets, while case participants are significantly more likely to have
behaviors such as sleeping outdoors, sleeping with windows open, and spending time outside
after sunset. Risk of getting leishmaniasis infection found to be associated with participants’
behaviors.

5.2 Conclusion

In conclusion, our case-control study sheds light on the complex interplay between social and
environmental determinants of leishmaniasis in the Hebron and Bethlehem districts of the West
Bank, Palestine.

The findings from our study provide a comprehensive analysis of the distribution, risk factors,
and epidemiological patterns of leishmaniasis in the studied regions. The distinct spatial
distribution, particularly in peripheral and rural areas like Yatta and A’rab ar Rashayida,
highlights the need for geographically focused public health interventions. The significant
association between environmental factors such as decaying garbage, wet soil, and proximity to
water streams with the incidence of leishmaniasis underscores the critical role of environmental
management in disease control.
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The study also reveals a marked disparity in disease prevalence based on socio-demographic
factors, with higher incidence among males, younger age groups, and individuals living in tents
or poorly constructed houses. These findings align with previous research, emphasizing the
vulnerability of certain populations due to occupational exposure, housing conditions, and
socio-economic factors.

Moreover, the analysis of the body parts affected by leishmaniasis, particularly the hands and
legs, points to the necessity of targeted protective measures, especially among males who are
disproportionately affected. The study also identifies a strong correlation between the presence
of animals, particularly dogs, cats, chickens, and rodents, and the transmission of leishmaniasis,
indicating the need for animal control measures as part of an integrated disease management
strategy.

In conclusion, this study highlights the multifaceted nature of leishmaniasis transmission, driven
by a combination of environmental, socio-demographic, and animal-related factors. The
consistency of these findings with prior research underscores the reliability of the results and
reinforces the need for targeted, context-specific interventions. By addressing the unique
environmental and socio-economic conditions of the affected regions, public health authorities
can effectively mitigate the spread of leishmaniasis and reduce its impact on vulnerable
communities. The study calls for ongoing surveillance, community education, and the
implementation of tailored public health strategies to prevent further outbreaks and protect at-
risk populations.

5.3 Recommendations
Recommendations for patients:

1. Utilize Protective Measures: Patients should prioritize the use of insecticide-treated bed
nets during sleep to minimize the risk of contracting leishmaniasis, especially in areas
with known transmission.

2. Avoid Risky Behaviors: Patients should avoid sleeping outdoors, keeping windows open
during the night, and spending time outside after sunset, as these behaviors significantly
increase the risk of infection.

3. Seek Prompt Medical Attention: Individuals experiencing symptoms suggestive of
leishmaniasis, such as skin lesions, fever, and fatigue, should seek prompt medical
evaluation and treatment to prevent complications and further transmission.

Recommendations for Decision Makers (Ministry of Health and Local Government):

1. Enhance Surveillance and Control Measures: Authorities should prioritize enhanced
surveillance efforts in hotspot areas identified by our study, such as Yatta, Alrashaydah,
and Bani Naem, to monitor disease trends and implement targeted control measures.

2. Improve Housing Conditions: Investing in housing infrastructure, particularly in
peripheral regions near borders, can help reduce disease transmission by improving
living conditions and reducing vector breeding sites.
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3.

Promote Public Awareness: Implementing public awareness campaigns to educate
communities about leishmaniasis transmission, preventive measures, and early detection
can empower individuals to protect themselves and seek timely medical care.

For Researchers:

1.

Further Investigate Environmental Determinants: Future research should delve deeper
into the environmental factors influencing leishmaniasis transmission, such as the role
of specific habitats, climate variability, and urbanization, to enhance understanding and
inform targeted interventions.

Explore Socioeconomic Drivers: Investigating the socioeconomic determinants of
leishmaniasis, including income levels, education, and occupation, can provide valuable
insights into vulnerability factors and guide equitable intervention strategies.

Evaluate Intervention Effectiveness: Conducting longitudinal studies to assess the
effectiveness of interventions targeting housing improvements, vector control measures,
and public health campaigns can inform evidence-based policy decisions and enhance
disease control efforts.

5.4 Limitations and strengths of the Study

5.4.1. Limitations:

Methodological and Data Limitations:

1.

Data Quality: Incomplete records and retrospective data collection may affect the
accuracy and reliability of our findings. Recall Bias: As with many case-control studies,
recall bias may be present. Participants might not accurately remember or report their
exposure to risk factors, such as specific environmental conditions or their behaviors.
Selection Bias: Due to difficulty in obtaining the names and addresses of registered cases
in both Districts. The selection of cases and controls was based on simple and easy to
reach (i.e., selecting cases and controls were not systematically) which might introduce
bias if they are not representative of the broader population.

Confounding Variables: There may be confounding factors that were not measured or
controlled for, which could influence the observed associations between risk factors and
leishmaniasis. For instance, other socio-economic or environmental factors not included
in the study could play a role.

Environmental and Behavioral Variables: Measuring environmental and behavioral
variables accurately can be challenging. Factors like proximity to animal hosts or
specific agricultural practices might not be captured in detail, potentially affecting the
analysis.

Biological Variation: Differences in Leishmania parasites, vector species, and human
host factors (not studied) may limit the applicability of our results to other settings.
Generalizability: Findings are specific to Hebron and Bethlehem districts and may not
apply to other regions or different time periods.
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External Limitations

1.

Socio-Political Factors: Political instability or social disruptions in the study areas could
impact the accuracy of data collection and the generalizability of the findings.

Resource and Time Constraints: Limited funding, staffing, and time may have restricted
the scope and depth of our data collection and analysis.

Incomplete or not enough information related to registered cases, which hindered us to
reach all areas in which they were missed cases.

5.4.2. Strengths:

Comprehensive Risk Factor Analysis: The study provides a detailed examination of
multiple risk factors, including animal ownership, topography, and climate, offering a
holistic understanding of the elements influencing leishmaniasis occurrence. This
comprehensive approach allows for a more nuanced understanding of the disease's
spread.

Large Sample Size: With 621 cases analyzed, the study benefits from a robust sample
size, which reduces the margin of error and increases the study’s statistical power.
Geographic Coverage: The study includes data from various regions, including urban,
agricultural, and natural environments, ensuring that the findings are relevant to a wide
range of settings. This diversity strengthens the study’s applicability to different
geographic contexts.

Use of different Statistical Methods: The application of chi-square tests, odds ratios,
and confidence intervals ensures rigorous analysis, providing strong evidence for the
associations identified between risk factors and leishmaniasis occurrence.

Focus on Environmental Factors: By examining the role of topography and climate,
the study addresses critical yet often overlooked aspects of leishmaniasis transmission.
This focus on environmental determinants is essential for developing effective
prevention and control strategies.

Relevance to Public Health: The study’s findings have direct implications for public
health, particularly in regions where leishmaniasis is endemic. The identification of
high-risk areas and populations can guide resource allocation and policy-making to
combat the disease more effectively.
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Appendices

Appendix 1: Case Research Questionnaire

Research Questionnaire
daany Adli

Environmental and Social Determinants and Risk Factors for Cutaneous
Leishmaniasis: A Case- Control Study in Hebron and Bethlehem Governorates
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Part 1: The main questionnaire

Part One: Socio-demographic factors

41 8 gastll g e laia¥) Jal gadl 1 JsY) 5 50l

1. Age in years gl pand)
< 15 years iiw 15 o 81 0
15-30 years 4,30-15 = 0
31-45 years 48.45-31 - 00
46-60years i1 60-46 (= 0O
>60 years 4w 60 e SI
2. Gender (omiadl) slaial¥l g sil)
Male B
Female il
3. Marital Status Al Al
Married $/ 2o
Single sbe [ <ell
Divorced 8/ 3lhae 1
Widow 3l 0
4. Education il Jajsadl
Basic school (Asepaal) daula) Als yall 1
University and college daadall ds i I
Higher education Sl il ]
5. Main Occupation Ay J)) 480 51)
Farmer S
Government server e o Sa alhga ]
Laborer ale 1
Private sector employee oald plhd el ga ]
Self-employee 3a Jlel 1
Household 3l 3/, 0
Student 3/alda ]
6. Residency 4LBY) (e
Camp mda
Village L0
City e
7. Monthly income (In sheikel) ol Jad)
<1880 ILS Jid 1880 ¢ B8 [

1880-4000 ILS

Jasd 4000-1880 ¢ [0
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4001-6000 ILS

Jauk 6000-4001 (s« [

8. Travel to endemic area waall bs giga (shlia I Al
Yes a1
No Y0
Part Two: Environmental factors and indoor characteristics 43l ailadl) g duinl) Jal gadl 1 AEY ¢ jal)
9. Decaying Garbage Allatial) daladl)
Present Ssase [l
Absent Ssase e ]
10. House condition Joiall Cag la
Poor (e ¢ ns [
Moderate (la5ia) J5ie
Good (n) 2200
12. | Unclear areas Al 8 dihia
Present dsasall
Absent Ssase e 1
13. Areas with wet soil s g) dua )y 4y 5 Lgud ABhala
Present dsasa ]
Absent Ssase e 1
14 Gardening areas G@ilaall o) Al 3hlia
Present dsasa ]
Absent Ssase e 1
15. Water Streams olaa Jglaa
Present dsasa ]
Absent Ssase e ]
16. Animals owned or frequently visiting the home / near or around house 335334 s LgStiai Al Cl) gaal)
g gl Joiall (e il
Dogs s
Cats Lk []
Cattle, sheep, goats, cows JEly selal s alie s At
Chicken claal
Rodents and rats Oyas gl [
Hens alea 0
Rocky hyrax a3 [0
Foxes ka3l
17. Location of the house Jiial) adga
Center of the domestic area ALl Ja g ]
Peripheral of the domestic area A Gl Lhl e 1
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18. Persons per house Jal) A Bl 314 dae
1-5 23 5-1 e[l
>3 N5 Ge S
19. Persons per bedroom asi dd e U< 3 3Y) 2
one or two O o aals [
three or more ) AN
20. Type of wall covering Ol ) Ak g 3
Unplaster/ normal paint e [ Ga¥ e o3h [
Plastered / oily paint SRy owa/ el
Mixed Lt ]
21. Type of housing Joial) s g £ 48
Underground ) ad ol ]
One floor aals il
Multi-floors 3aaeie () sk []
22. Staying Place & glall s
In first floor I Gl i [0
In upper floor Al @l skl A0
23. Living in a house with cracked wall gaaia i 43 Jjia ‘_,a )
Yes o2 []
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24, Living in a house with cracked floors dosaia ciluda ) 43 J3ha A Ghsl)
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No v
25. Window of the house Joiall A3 g3
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Without net (ehid) e s 0
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leaves, and tree trunk Dl gda s 3, 0
27. Presence of construction waste and the deposition of garbage near the house 4aladl) gL} clilia 32
Jiall e il
Yes axi [l
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28. Presence of crop farms in the vicinity 3 glaall dihaial) 8 Jualaall £ 5)3e 3529
Yes axi [l
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29. Presence of a nearby forest or thicket in the vicinity 3 glaall dlhaial) & 4y b AU o LS 253

Yes

w1l

86




No Y0
30. Sanitation >al) U pal)
Inadequate access to sanitation >l o pall I J ga 1) LU oo ]
Adequate access to sanitation >all G pall ) 83 Jpa sl [T
31. Sewage system/waste management SN 503} [ Awal) i pal) alas
Present deaga[]
Absent dsaga ye ]
32. | Natural environment Akl Al
Caves eSO
Crevices Bead [
Stone fences Lyaa el 1
Agricultural area el yjydahia ]
33. Rainfall MYl
<the annual average s sl Jasdll e J8I [0
=the annual average @il Jarall sl ]
>the annual average @il Jaaddl e JSI]
34. | Temperature 3 adl cila 2
Average monthly minimum temperature 4 el s yraall 3 ) all da o Jasgia ]
Average monthly maximum temperature 4 il (5 puatll 3 ) all da oy Jangia ]
Average monthly medium temperature s gial) 3 5) jall da Al (5 yedl) Javsidl ]
Part Three: Knowledge about Leishmaniasis Liiladiall) (i oy 48 jpal)
35. Heard about disease (before infection) (L) JB) yaall ¢o Caau
Yes el
No ¥y
36. | Source of information about disease ol (5 Claglall jiae
TV/Radio A1/ el
Printed media ic gilae Ll ]
Friend Gada [l
Health worker >adale 1
37. Family knowledge of the vector A all UL 3 ) 4B e
Yes axi
No ¥y
Part Four: Behavioral characteristics and prevention measures I35 4.8 sludl gailadd) za ) ¢ 5ad)
PR
38. Use insecticide-treated bed nets while sleeping poil) oL Ciapally dallaall il galil) aadic
Yes axi [
No ¥y
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39. | Ever sleeping outdoors in the last 2 years Cppalal) Cpmalad) (B gllal) o) 9gd) (B pgil) uaa By ) (1
Yes a1
No Y

40. Ever sleeping with windows open in the last 2 years (padalall Gualad) & 381 i) 8 aa agil) B e CBg ol (1
Yes a1
No Y

41. Had a habit of spending time outside the home after sunsetoweadd) cig & 2 J Hall g A cB gl) plib slic)
Yes pesy|
No Y0

Thank you
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Appendix2: Control’s research questionnaire

Research Questionnaire

Environmental and Social Determinants and Risk Factors for Cutaneous
Leishmaniasis: A Case- Control Study in Hebron and Bethlehem
Governorates

Blausl) B/ cshalsal

rdaatl) day

b (b S il w3 3L Gel) deala (B (gonall An8lSa maliny 8 Lle ciludys dla U
Al Al : Cdacald (B Liladiall) (yal pladl) Jalge g A Lalia¥ g Al lasaall® £ lsiny a0
Lo lia¥ly ) sl Je Copmill g lgie Cargll o Cus e "aal cigg Juld) akblag 8
okial g aad g Jdad) abdlas (8 4)lke Al igphauadd 8 Liledalll (gl laall dalses
Ayl 8 ALl 8] 1308 dpe sl ALl g guinsall 138 Jsn Sla¥) 3 (i 3535 £ 5eda gl
Al s3a b ehlaall diga plid) g Gl e Gy 433 35 1) 20 e seY) (Bjriey Cigud
Ciy (gl b el li€a Gl b ey 13 L Aahall e GlaadY) ol ASLaA) s b dal) o
) Glilgl badh A pud) e b bl aian Aty A e @l e desie Cilaslen () o
Glghadl) aaen 225 Cigar bl ) Jgeasll G agd GsSons gopdiall 138 8 jile JS8 05S)L
e bl Jon Al & bl IS 1) LAahall s3a 8 deBsie Hhlie dag Y Ldlug dgles]
eVl e re Jealgill

S 583 1yl makharzehmaram@gmail.com 33w al s

Gl s 8 Jaclue (& dial (61 gl e ell A
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1. District

FETIEA
Hebron SHAl 7
Bethlehem aal cuw [
Part One: Socio-demographic factors A8l £ gandll g dgelaial) Jal gl 1 J ¥ 5 3l
1. Age in years S gheadly pand)
<15 years w15 e 81 0
15-30 years 43.:30-15 (= 0O
31-45 years i1, 45-31 = 00
46-60years i1 60-46 (= 0O
>60 years A 60 e S [
2. Gender ((oudadl) Slaiad) g odll
Male S<ag
Female il
3. Marital Status 4o laiaY) Al
Married 5/ 2l
Single RRYNIAT;
Divorced 3/ 3las ]
Widow 3/da
4. Education alad) Ja gall
Basic school (Asepaal) daula) Als yall 1
University and college dadall dls Ldi [
Higher education Sl il ]
5. Main Occupation A 1) A4k g1)
Farmer g0
Government server (e o Sa alaga []
Laborer dee [
Private sector employee ald g Ul Calsga ]
Self-employee 3a Jlel 1
Household 3l 3/, 0
Student 3flla
6. Residency 4By \sa
Camp adall
Village LAl
City ]
7. Monthly income (In sheikel) ol Jal)
<1880 ILS Jiss 1880 (e I I
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1880-4000 ILS

Jauk 4000-1880 < [

4001-6000 ILS

Jauk 6000-4001 s« [

8. Travel to endemic area waall bs giga (shlia I Al
Yes axi []
No vy
Part Two: Environmental factors and indoor characteristics 4l pailadd) g i) Jal gadl 1 ALY ¢ 5ol
9. Decaying Garbage Allatial) daladl)
Present Ssase [l
Absent Ssase e ]
10. House condition Joiall i gl
Poor (30 & ns [
Moderate (o 5ia) J5ia
Good (n) 2200
12. | Unclear areas Al 8 dihia
Present dsasa ]
Absent Ssase e 1
13. Areas with wet soil s g) dua )y 4y 5 Lgud ABhala
Present dsasa ]
Absent Ssase e 1
14 Gardening areas G@ilaall o) Al 3hlia
Present dsasa ]
Absent Ssase e 1
15. Water Streams olaa Jglaa
Present dsasall
Absent Ssase e ]
16. Animals owned or frequently visiting the home / near or around house 335334 s LgStiai Al Cl) gaal)
A i Jiall e il
Dogs s
Cats Lliq
Cattle, sheep, goats, cows JEly selal s alie s At
Chicken zaall
Rodents and rats Oyas gl 1
Hens alea 0
Rocky hyrax a3 [0
Foxes ka3l
17. Location of the house Jiial) adga
Center of the domestic area abll Jas g 1
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Peripheral of the domestic area Al Gl ke ]
18. Persons per house Jial) A Bl 314N dae
1-5 251 e
>3 N5 Ge S
19. Persons per bedroom asi dd e U< 3 3 2
one or two O b asls [
three or more ), A
20. Type of wall covering Ol ) Ak g 43
Unplaster/ normal paint e [ 3a¥ e o3h [
Plastered / oily paint SRy owa/oaal
Mixed Lbaa ]
21. Type of housing Joial) s g £ 48
Underground ) Gl ol ]
One floor aals il
Multi-floors 3aaeie () sk []
22. Staying Place & glall \Sa
In first floor Js¥ Gl 5 [0
In upper floor A lall Gl skl 5 ]
23. Living in a house with cracked wall gaalia laa 4y J e ‘_,a )
Yes ]
No v
24, Living in a house with cracked floors dosaia cilyd ) 4y J3ha A Ghl)
Yes el
No v
25. Window of the house Joiall A8 g3
With net (i) Jade ea
Without net (elhd) e s 0
26. Materials in the yards cilalad) b 3 gal)
Stones 3 aa ]
leaves, and tree trunk Dl gda s 3, 0
27. Presence of construction waste and the deposition of garbage near the house 4aladl) gL} clilia 32
Jiall ¢sa il
Yes axi [
No Y0
28. Presence of crop farms in the vicinity 3 glaall dihaial) 8 Jualaall £ 5)3e 3529
Yes axi [
No Y0
29. Presence of a nearby forest or thicket in the vicinity B glaal) dbhaial) 8 4y @ 4 o) A0S 290
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Yes o [
No Y0
30. Sanitation >al) U pal)
Inadequate access to sanitation >l o pall I J ga ) LU 2o ]
Adequate access to sanitation >all G pall ) S Jpa sl [T
31. | Sewage system/waste management Sl B 1) [ Awall i pual) allad
Present dsaga []
Absent dsasa ye ]
32. | Natural environment daphal) i)
Caves eSO
Crevices Bk [
Stone fences Lyaa el 1
Agricultural area del )y dahia [
33. | Rainfall S
<the annual average s sl Jasdll e J8I [0
=the annual average @sindl Jaadll sla 1
>the annual average @il Jaaddl e JSI]
34. | Temperature 3 adl cla 2
Average monthly minimum temperature 4 el 5 yraall 3 ) all da o Jasgia ]
Average monthly maximum temperature 4 il (5 puatll 3 ) all da oy Jangia ]
Average monthly medium temperature s gial) 351 jall da Al (5 yedl) Javsidl ]
Part Three: Knowledge about Leishmaniasis Liiladiall) (i oy 48 jpal)
35. Heard about disease (before infection) (e JB) yaall ce Caau
Yes axi
No ¥y
36. | Source of information about disease ol (5 Claglall jiae
TV/Radio A1/ el
Printed media ic gilae Ll ]
Friend Gada [l
Health worker >adale 1
37. Family knowledge of the vector Al JBLIL 3 ) 4 jaa
Yes axi [
No Y0
Part Four: Behavioral characteristics and prevention measures I35 4.8 sludl gailadd) za ) ¢ 5ad)
PR
38. Use insecticide-treated bed nets while sleeping psill £ il aaally dadlaal) Cil galdl) addici

Yes

o3l




No Y0
39. Ever sleeping outdoors in the last 2 years Oppalal) Gppalal) (b gllall o) ggd) (B a gil) uaa by ()
Yes a1
No Y0
40. | Ever sleeping with windows open in the last 2 years (msaball (alal) 8 38) gil) b e agill A uaa B9 i 0
Yes a1
No Y0
41. Had a habit of spending time outside the home after sunseto«add) cg & 2 J Hall g A cB gl) plib slic)
Yes pesy|
No Y0

Thank you
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Appendix 3: Permission of MOH

Siate of Palestine Ceblnaald 4l g2

- daallsglyy

Ministry of Health \ o
Education in Health and Scientific ¥ . i _W

el Sagdly

Hesearch Unit

sorpiaall Bl dogy dealadl Adwalh (g Bl 20 heuall Juoll Ay
suglaaly Lpsd
St At il 1 it gall

el buaiay Ggligd piple paliy cBiAka pha Allll dege iged ap
sy Cany g aal gl Aaaly —daeadl
“Environmental and social determinants and risk factors for

Leishmaniasis in Palestine: case control study in Hebron and
Bethlehem Districts’

) lallis e A 1B G Al Rl DR e Shaglen pans AU g Bua
I_,.I alliy I{F‘-ﬁljy aal
laly pad Sy ¢ Cililan E,na.u.n] | ol —
NPT T L L P T __'Ji alall =
Shaphiall o2 2y ol gloeal dipay aliel] G gl e Alaadl AT 2y ) e
alen 8 HEISM T

Slin Riilgpe le Jpeaadl pad 2l puas spaill vt |l e POF Sy &l Ay P e
P

gl il 2
el Sinlly _.-'n.-.’.':'.l\_.n.!_;l.'-'l 54:._3 d 3

el daal faioald dalad daall L0 ae tAis

Tl 015233 141 prientilicrescanch.dep o pmail.com 0o 2333000 ; Kk
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Appendix 4: Consent Form

) o) gis

Gy JHA ABllaa B 4 jla Al splandd B Liladill) (ya jal Jhadl) Jal ge g e Ladia¥l g Al Ciladaal)
." PJ
Environmental and Social Determinants and Risk Factors for Cutaneous Leishmaniasis:

A Case- Control Study in Hebron and Bethlehem Governorates

ki alpa tCalal) anid

as® s As¥15 dalal) daall Jlae 3 Linal) Sla¥) 2al 58 Gndl 13 (B)gskiall 330 \ A
Jalsall Luyy I Giagry il da)n e Jseanll Qo dasls 8 Aalal) daall 405 g,
pal i abdlae (& cpndacldll cpidalsall (g dae g Liladalll el sadal) ddulls due LY
-l

fh e gl O s

ple S el Gl Dlac g aainal) 53081 Lt (hag ¢ Lala dacshat Candll faa b Sl
Gl DS oy (Ll Aupes el Aaleial) Apaddl) bl B R (il AL Ja
Sl 05t e s e Al e Gl @l Basg WS alad) Gind) (a2 L i
e Sh

il 4 iy ¢ ) ehal o il 8 el drala 3 alell Gl diad o) HLEY) jaay
cClahally Cagaall dyea yally danscs sall
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APPENDIX 5: Ethical Approval from The Al-Quds University

BV | e
Jerusalem ek
School of Public Health el faall A8
2023/6/24 g2
Lagadd B M al AlaD e
A ) gy g e gl
D o cldvgl '!- i‘!i s 25ad
g W) £ 0 Ay il dnmad S D il CABISY g ) L) ash
”Environmental and social determinants and risk factors for
Leish iasis in Palestine: A ol study in Hebron and

Bethlebem governorates™

s e il S ya) o ikl

ol dada A Lok CAEAA gl e g pie iy

Earial i A S S S i

i iy oD agkind viadiad A 4K all e Aye I dalad U 4 dadle

hurps:/sesearch alguds. odu'enethics 48 how ao-apply heml b)) e daalyd

S LAY A A el A
Al daad s
) e 4

(i

{5
A0

G Upd el [lid

A i
Jermnalem Beaachy'T elefa (0-2799234 02-2799234 LSk | i g8
Gaza Branch/Telefax 052044220 2044210 08-263420-2644210 S5 | g2 £4

PO e 53000 Jerusalen D S1000 s
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Ala duhs tdalal) Liledall) (agal jhill Jalge g Basaal) due Laially il Jalgal)
aal Cug Jalil) bla b s lsdis

3 Al al e 14l

(s ey S 1 el

el

g Jalal) alilas 8 dals plaadd 8 5S dale G A0 cluledall) gly ey 1438140
aladinly Gloladalll ely Ao 35l dielanyly ddiadl Jalgal) clagind ) duhall oda idoa . aal
(Aaslaall dually Alal) salgally Alal) dulyy avanad

52 Ay 138l 414 5 <V 207 agie (S)lie 621 dcgana o Gaadal & 1Adjhally duaglall
#lsus) Al Jalgally Ll ganally due L) chiiall ary Jald lasiad alasialy bl pes
Aandall 3l Jalgally el Zilly cJiiall pailiady clilgaal) dSlag ¢(Faplad) S dlalal
Jsanll 5 20 Jilagy lSoladly ccnliladalll ¢la Joa b jaally o(5hall dayng sasY) Jsha)
A Liall (L) raen (g dadlgall e Jsamnll 28LaaYl ¢ uidl) daals (o ABIAY] dilsall e
Jon Aabidl clegladll o 3l Al LaDlall Al dylay Ayl A Hlad) 5 4wl
Jlat¥) Slagleny slan) @y b Ly cilacddl) daall 835 e lade Jsaanll @ lly sl
s 2l (SL (b oasall Bl Ly diald) Conls (JLat] Claglas & ali e
sl clilany) alatials ((SPSS) dielaia¥l askell Lalasy) o))l maliy alasialy bl
ANV (gine die LaaaY) (S5ine 20aT ae cBa2alially AlaY) sl sty caug IS il

p < 0.05.45lax)

dulill e aie) ghlie 8 @3SH e %29.9 o eV all il cilayy sl coyglal spilail
C'_i‘)\_a"b cc_.ud\ )3:1‘3 ¢l JJL«AAS U}A_.)J} ‘;\7’)‘: Lﬁdlﬁ @ Z\L};La Caleaat A9 e cg"_i\ﬁ.ﬂb
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Shariall 2aia Jeaglll (glaai¥) dilaall jglal (% 14.5) mad i ilus b XSy ((%16.4)
el Gl s dele (Slaal) alan)) OIS . salall cililedlll el dud)y sad Jalse 52e
@ 5 2,10 = donay¥) da) ALYl ddlaial 8 52l deadye Cag sl b it Al YA
o ly eamall Ciyeal) (i b S Al ¢Sl L)l B35l calasiyl .(3.05-1.45 :%95
—1.50 :%95 & 558 2.35 = Laa¥) daw) Hladll b saliy B ) dalal) (slalia
G eV LlaY) eV ana € Ja Ao Aiviall Lnbaidyly Lue liay) Al cul< . (3.70
(P < 0.05).Jaal) il 5ol 8 V) Gualiie pe <8 s
O Auball Ciang Lol dega cdilaiall daglay jUael) Jsha @lld b La cdnll Jalgall il LS
Glaladll) o el eV aes gl ilS Gsin jUae) e ale 300 o i ol ) glalial
(P < Layall culeld) JEU oyl L eling JHSS i ) Alal) Cagyall s Loy ¢(galal)
sV Obaglly dmitidl ghalia) & Egus ST cul€ eV of Ll gsshall Jilatll 1g110.05).
il el Al Cligive @ld Ghliall sda (s Lo Qe oyl QLA daulie dads Ghlse jis
G 55 (1.90 = Zaa)¥) L) Glady) (mpn hd e iy cOBU IS aedy Les (AaSS
-(2.80-1.30 :%95

axey Ll clogl) 8 asill ble daliy (L) lSole) Aokl dalsall o) gl o pglils LS
Ala) ¥ aea S <8 Adadye QA ol 3 S dalis 8 S Blaal) iless alasiad 4US
dpanall e dach3l) lalially Clilgaal)l (Sl e ol oSl o Lead pelaly - (P < 0.01) (Ao
58 ¢1.85 = daa V1 Ao cilslaill) olal aledl) GBI cdayll ld g all (iapel) Ll g
Aalaial) Silosjlaally A jeall Gpuent ) Cangs ) Aaleil) bl cijelal L(2.85-1.20 : %95 )
) G Gels Dl ey lall el o G ady Lea cJa e)al€ 850 CililSa) DBl (e duleally

ol Ll (g

Cayally (Kl ity cAlaidyly elaa¥) Cagylll cuead Lueal o il 5 4l
5 33k Al pags el Ll (e anll ilaladilll 613 Jsa o sl 82L35 ¢ Sl ol
Y e bl Llill il 55100y dpdad) Clanalls dalleal) Clsalil) alasiol @lly  La csaaaa
@il Aallaal Zojgyn Aaaddl) dalall Lncall Cladlialy Syaicall Lyl it . (geaall

a8 clsledall) ool et

-
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